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e Introduction

There is evidence that, even without resolving the detailed structure near
a tropical cyclone centre, it is possible to forecast the track, and that a
large model domain is required to achieve the best medium-range forecasts
(M DeMaria, 1987). The coarse-mesh model has successfully provided very
good guidance for the movement of tropical cyclones, which strongly
indicates that the operational coarse-mesh system is able to organize and
build up features with the similar track characteristics to actual tropical
cyclones. Hall (1987) has examined the performance of the coarse-mesh
model for all the tropical cyclones occurring in the northern hemisphere in
1986, and indicated that the coarse-mesh model performs at least as well as
most other methods of forecasting tropical cyclone tracks in the period
T+48 to T+72. However, 24-hour forecasts did not compare as favourably.
This was probably due to inferior analyses of the cyclone positions at T+0.
He has suggested that better bogus techniques could improve the ananlysis
of cyclone position. An alternative approach considered here uses a method
of shifting the model's centre to an improved position by a means which
does not rely on standard bogus techniques.

Although prediction of the intensity of tropical cyclones is also
important, the resolution of this model is such that a good track forecast
is a more reasonable aim. In this trial, attention is focused on the
effect of the correction of the initial position error of tropical
cyclones. We look at the (subsequent) analysed positions and forecast
tracks, using the mean sea level pressure minimum to determine the cyclone
centre. The effect of bogus data on both analysis position and forecast
track of the cyclones is also briefly discussed.

2 Description of correction method

The distance between the position of the model's cyclone centre and the
observed position has to be determined before the correction. In the trial
we take the observed position from reports received over GTS from the major
tropical cyclone forecasting centres. The mean sea level pressure has been
used to calculate the model's cyclone centre using the method described in
Appendix 1.

The cyclone centre is moved by applying a combined transformation
consisting of a bilinear distortion and a displacement. This is performed
on all the fields of the analysis at beginning of every cycle of
assimilation, i.e. the transformation is applied at HH-6 before the 6-hour
assimilation which produces the analysis valid at HH. No further
transformation is applied before proceeding with the forecast. The
displacement is used near the centre of the cyclone to maintain the cyclone
central structure, and the distortion area is around the central portion to
blend with the fields outside the area of influence. To save computation



and improve accuracy, the effects of these transformations are calculated
on the grid (see Appendix 2) and the fields interpolated with a bilinear
scheme.

The surface pressure field is calculated from the transformed mean sea
level pressure (MSLP) and an extrapolation of the temperature to mean sea
level as the same way used in the PRINTFILE program, rather than trans-
formed directly from the previous surface pressure field (see Appendix 3).
The transformation is applied to all other model fields on each model
level.

At present tropical cyclone positions are often analysed badly due to
insufficient data over low latitude ocean areas. Effects of analyses are
cumulative in the operational system so a method which improves one poor
analysis will lead to better background fields and therefore better analy-
sis at subsequent hours. So, in our trial, we have carried out the correc-
tion for successive analyses and several assumilation cycles. However,
forecasts are run from the analysis before correction.

Tropical cyclone Lynn is chosen to test this scheme in this trial. Lynn
was first reported at 00 GMT, 16 Oct 1987 in the West Pacific Ocean area
(about 14.3 N, 154.1 E), moving northwestwards. It was upgraded to Typhoon
at 06 GMT, 18 Oct at 13.7 N, 146.6 E, when its maximum sustained winds were
estimated at 65 knots and gusts 80 knots. The last report of Lynn was at

00 GMT, 27 Oct, in the South China Sea (about 21.3 N, 117.5 E). The motion
of Lynn is almost westward (Figure 1). Figure 1 also contains the opera-
tional forecast tracks, which gave very good track direction, but had some
large analysis position errors (more than 1 degree).

In this trial, we have run several assimilation cycles and a number of
forecasts. The main assimilatin cycles are:

A> the new scheme from 00Z 17/10/87 to 00Z 23/10/87 without bogus
data (NEW-BOG)

B> the new scheme from 00Z 17/10/87 to 00Z 20/10/87 with bogus data
(NEW+BOG)

C> operational, but from 00Z 17/10/87 to 00Z 19/10/87 without bogus
data (OP-BOG).

The operational run is abbreviated to OP+BOG.
The difference in the length of these runs are due to the high cost of

computation, and comparisons will be made for coincident times only. Bogus
data used in this trial are given in Section 5.



3. Effect of the correction on analyses

(1) Analysis Error

Table 1 gives the analysis position errors of Lynn from 00Z 17/10/87 to 00Z
23/10/87 for the OP+BOG and NEW-BOG runs. They both start from the same
large error at 00Z 17/10/87. The NEW-BOG run has a smaller analysis posi-
tion errors than the operational run by an average of 60% (excluding the
start position error). The large position error (NEW-BOG) at 00Z 18th
suggests that the assimilation improvements are cumulative. Resolution and
modelling deficiencies may explain some of the remaining error.

Table 2 gives Lynn's central pressure from the two runs. Clearly the new
run is somewhat less deep in central pressure than the operational run,
probably due to lack of bogus data and the interpolation used in the
transformation. The effect of filling of Lynn on the track forecast will
be discussed in Section 4.

(2) Effect of the scheme on the surrounding areas.

Since the model has very good performance in the middle latitudes, it is
better to maintain all the features of analysis fields outside of the
cyclone area as much as possible. To demonstrate that the scheme has not
caused too much problem with this, we look at a comparison between 2
parallel runs:

A> NEW-BOG
B> OP-BO0G.

Figures 2a, 2b and 3a, 3b are the MSLP and 850 mb wind analyses after 2
days assimilation for the 2 runs, respectively.

Differences are confined to a very small region around the hurricane
centre.

Comparing Figures 2a and 3a, the 100 mb contour has been moved about

1.5 degrees in S-N direction and 0.5 degree in W-E direction. But the 1012
contour is unchanged. The centre is 3 mb higher in Figure 2a, probably due
to interpolation employed in the run NEW-BOG.

Comparing Figures 2b and 3b, the wind centre is also moved, but the overall
wind speeds are quite similar, although there are 4 knots speed differences
for some grid-points near the centre between the two runs.

Comparing all these charts, the correction method moves the model's centre
towards the real position and does not change the surrounding areas too
much.

However there is still some problems associated with the correction scheme,
eg some different vertical maxima and minima produced after correction (see
Figure Y4a, 4b). Fortunately, the differences seem to mostly disappear
during the first 6 hours of model integration (see Figures 5a, 5b).



y, The effect of the correction on the cyclone track forecast.
1> Forecast Error

Table 3 contains the mean forecast position errors of hurricane Lynn from 5
3-day forecasts from analyses between 00Z 19/10/87 and 00Z 23/10/87 for
both the OP+BOG and the NEW-BOG runs.

The mean forecast errors have been improved out to 72 hours, and the
largest benefit was in the short term, namely T+12 and T+24. The forecast
error of T+24 was reduced by about 46%.

For this cyclone, the reduced improvements of the medium-range forecasts
(T+48 and T+72) indicates that the medium-range forecast skill depends more
on the forecast model and on large-scale analysis errors as well than on
the initial position. Improved skill in the forecast model may help our
system at these medium ranges to compete with other hurricane forecasting
systems.

2> Impact of the correction in the assimilation cycles on the forecast

Table 4 gives the forecast errors of hurricane Lynn at 00Z 20/10/87 for
following runs:

a> OP+BOG forecast;

b> forecast from the analysis after three days NEW-BOG assimilation;

c> the forecast from the operational analysis but with the central
position of the tropical cyclone corrected.

Table 4 shows that the forecast of run b> has the least error, and we have
also made some improvement by just correcting the cyclone's central
position. Although forecast ¢> has the best initial position, its track
forecast is not as good as that from the new run, especially at T+48 and
T+72, eg its error at T+72 is about 20% larger. This indicates that the
cumulative effect of assimilation cycles with the correction seems to have
greater effect on the cyclone motion than a single correction.

3> Effect of the central pressure of a cyclone on its track

The scheme has the effect of smoothing model fields and has slightly filled
the central pressure value of Lynn, but its size (the central area) and
strength (the outer circulation) have not been changed (see Figures 2 and
3). Holland (1984) has suggested that the intensity variation of the
cyclone (without outer circulation changes) will not affect the motion. To
find out the effect of the central pressure value of the cyclone on the
track prediction in the coarse-mesh model, we compare two forecasts. One
is the operational forecast at 00Z 21/10/87. The other one uses the same
analysis, except that the cyclone has been shifted twice, firstly to the
real position and then back to th original position (note, after we employ
a distortion algebra forwards and backwards in our transformation, the
cyclone centre does not exactly coincide with the original position

(Figure 6)).



Although there is 2 mb difference for the Lynn's central pressure between
the two analysis, there is little difference in forecast tracks. It
appears that the forecast track is not very sensitive to the central
pressure value.

4> An experiment moving cyclone centre in one constant direction

To test the accumulative effect of the correction on the track forecasts,
an experiment that constantly moved the cyclone centre in one direction was
conducted.

In the experiment, two 3-day forecast tracks have been made from two
one-day NEW-BOG assimilations. The central positions were moved as
follows: ;

1> northwestwards

2> southeastwards

with the same distance of 0.75 degree in longitude and 0.6 degree in
latitude, respectively (Figure 7).

For the 24-hour forecast, the tracks have very different directions, this
is probably caused by the different gradients on the T+0 fields, which have
different cyclone central positions but the same surrounding areas (see
Section 3.2).

The parallel movement for the medium-range tracks suggests that the
correction of the cyclone centre might have little effect on the
medium-range forecast track direction.

In the operational situation, the cyclone would not be moved constantly in
one direction and also there would be some data to support the correction,
so the gradient would not be changed too much.

This experiment also suggests that we should choose the influence area big
enough to spread out the gradient change.

5. Impact of bogus data on tropical cyclone assimilation and track forecast

CFO forecasters put a lot of effort into production bogus data to improve
tropical cyclone analyses; some improvements have been noted, especially in
introducing the systems. However, it is much more difficult to alter the
analysis of cyclone position, especially where operational analyses have
large error (see Table 1). In the operational run, some bogus data have
been used to move the model cyeclone to the real position though will be of
only limited success. Table 1 indicates this new scheme is much more
effective than the bogus data in moving the tropical cyclone.

If this new scheme were used operationally, then bogus observations could
be used to correct central intensity and the movement of centres would be
left to the new scheme.



Table 6 gives the bogus data produced by CFO forecasters for operational
runs 00Z/17 to 00Z/20/10/87. Using these bogus data in the new trial, we
find that the cyclone was deepened (as Table 2), and had a slightly better
initial position than the one without bogus (Table 1). But, although this
run has smaller analysis position error, it has almost the same mean track
forecast error as the operational one (Table 7). One explanation is proba-
bly these bogus data are not suitable for the new run, and it is not easy
for forecasters to assign reasonable wind speeds. Bogus techniques would
be revised for tropical cyclones on implementation of the system.

One possible system for the operational implementation of this scheme is as
follows. First the intervention team in CFO update information on tropical
cyclones; they may define new cyclones, and give new positions to cyclones
already defined. Each tropical cyclone will be identified by a name and
will be given a true position and search position for each analysis hour.
Next, this information is transmitted on a data file to a program that runs
after the present analysis/assimilation step and before the forecast.

Using the search position specified by CFO as a guide, the program finds
the model's analysis position and (within certain constraints) moves the
centre to the true position. This modified analysis is used as the start
cyclone position data file, is stored in the model archive. A number of
checks are an essential part of this procedure. Possible numerical values
of the checked parameters are given in brackets.

1. The model's analysed position of the cyclone centre must be close
- to the search position provided by CFO (200 km).

2. The distance between the analysed position and the true position
"~ must be small (200 km).

3. Both the analysed position and the true position must be within
- the equatorial region 20 N to 20 S and over ocean areas (defined
by a bit mask).

4. If more than one tropical cyclone have true positions defined by
~ CFO, the areas of deformation must not be overlapping.

Note that tropical cyclones do not have to be given a true position at each
analysis hour; CFO will decide whether the model's fields are satisfactory.
If no circulation exists or is too weak, then the model's analysis is best
improved through the use of bogus data. A verification scheme could also
be incorporated into system by using the information on cyclone position.

6. Summary

In this trial, we have demonstrated that this new scheme effectively moves
tropical cyclone Lynn, and does not deteriorate the analysis in the
surrounding area. By correcting the central position of starting fields in
the assimilation cycles, not only the analysis of cyclone central
positions, but also the forecast cyclone tracks have been improved,
especially in the short term.




There is some further work to do with this scheme, before it can be put
into the operational suite.

Better handling of the vertical velocity would be necessary for operational
implementation. More careful account of the effect of orography on the
shifting algorithm might improve the forecast track near the coast.
Capability of dealing with two cyclones near each other also is needed for
the operational purposes.
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Appendix
i Defining the model's tropical cyclone central position

We define the cyclone's geometrical centre in the MSLP field as
the model's central position.

A subgrid (I,J) centred at the grid-point with the lowest MSLP
value is used, and spans:

(-MI,MI) in I direction
(-MJ,MJ) in J direction.

If the highest value of MSLP in the subgrid is PHIGH, the central
point (MODELI,MODELJ) can be given by:




Y J (PHIGH-MSLP(I,J))*C(I,J)*I)
Jeig

MODEL === = == = m e e e e ettt e
Y I (PHIGH-MSLP(I,J)*C(I,J)
Ji ol

Y Y (PHIGH-MSLP(I,J))*C(I,J)*J)
33

T e ta OGRS T s Sl UG (e
Y ) (PHIGH-MSLP(I,J))*C(I,J)*J)

where C(I,J) is a weight function, used to emphasize the
importance of central portion of the cyclone:

C(I,J)=2./SQRT(I**2+J%%2+)),

The current values of parameters are:
MI=MJ=3.

Subgrid transformation

Define a local grid (I,J), with centre at the nearest gridpoint to
the actual position of the tropical cyclone.

Assume PDX and PDY are the I and J direction components of the
distance between the true centre position and model's. (X,Y) is
position of new gridpoint (I,J) in the original grid. (X1,Y¥1) and
(X2,Y2) are the positions of the new gridpoint (I,J) in the
original grid after a displacement and a bilinear transformation,
respectively.

X1=I+PDX

Y1=J+PDY
and X2=I+PDX¥*(1-ABS(I)/MGRIDIP)*(1-ABS(J)/MGRIDJP)

Y2=J+PDY*(1~-ABS(I)/MGRIDIP)*(1-ABS(J)/MGRIDJP)
where MGRIDIP and MGRIDJP are the half lengths of the
transformation area in I and J direction, respectively.

So the combination of the two transformations is given by

X=W(I,J)*X1+(1-W(I,J))*x2
Y=W(I,J)*Y1+(1-W(I,J))*Y2

where W(I,J) is the weight function, given by
W(I,Jd)=CX(I)*CY(J)

and CX(I) and CY(J) are defined by



Figures:

Fig.

Fig.

Fig.

Fig.

Fig.

(1.0 IKNIP
CX(I)=(COS((ABS(I)~-NIP)/(NOUIP-NIP)*90) NIP<I<KNOUIP
(0.0 I>NOUIP
(1.0 JENJP
CY(J)=(COS((ABS(J)=NJP)/(NOUJP-NJP)*90) NJP<LJ<NOUJP
(0.0 J>NOUJP

where NIP,NJP are used to define the area of displacement, and
NOUIP,NOUJP are used to define the area of the combination of teh
two transformations (Figure 8).

In this trial, the values of these parameters are used as follows:
MGRIDIP=MGRIDJP=9

NIP=NJP=1
NOUIP=NOUJP=8

3. Surface Pressure calculation
Assuming the transformed mean sea level pressure is MSLP, and the
model orographic height Htop, the extrapolation of the temperature
to mean sea level TO:

TO=Ts+.0065Htop
Where Ts is the surface temperature (Devrell, ete, 1985). Then

the surface pressure (P*) is given by:

TO -G
P¥=MSLP*( ( )X¥( ))
TO-RATE¥*Htop RATE*R

where RATE is the constant lapse rate, R gas constant and
G gravity.

Tropical cyclone Lynn's track and the operational forecast tracks
(same notation as Hall used)

Analysis after 2 days OP-BOG assimilation (00Z 17/10 to 00Z
19/10/87)

Same as Fig. 2, but for NEW-BOG run.

850 mb vertical velocity analysis a>. before the cyclone centre
shifted; b>. after the centre shifted.

850 mb vertical velocity forecasts (T+6) from the analysis
a>. without cyclone centre correction;
b>. with the correction.




Fig. 6

Figi -7

Fig. 8

3-day forecast tracks for the operational (#—e) and from the
filled start field (A—a).

Forecst tracks from analyses of 00Z 20/10/87 for the constant
moving cyclone centre in one direction, southeastward ($§—e——§ )
northwestward (#——e——=#)

Different transformation areas:

I. displacement;

II. displacement+bilinear transformation;
III. bilinear transformation.
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