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ABSTRACT

In this paper, firstly, the bias between observed radiances from the Advanced TIROS-N Operational
Vertical Sounder (ATOVS) and those simulated from a model first-guess are corrected. After bias correction,
the observed minus calculated (O–B) radiances of most channels were reduced closer to zero, with peak values
in each channel shifted towards zero, and the distribution of O–B closer to a Gaussian distribution than
without bias correction. Secondly, ATOVS radiance data with and without bias correction are assimilated
directly with an Ensemble Kalman Filter (EnKF) data assimilation system, which are then adopted as the
initial fields in the forecast model T106L19 to simulate Typhoon Prapiroon (2006) during the period 2–4
August 2006. The prediction results show that the assimilation of ATOVS radiance data with bias correction
has a significant and positive impact upon the prediction of the typhoon’s track and intensity, although the
results are not perfect.
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1. Introduction

China is a country seriously affected by tropical
cyclones. Landing most frequently in the southeast,
typhoons lead not only to damage caused by flooding,
but also due to their severe winds and storm tides. In
order to reduce the socioeconomic impacts, it is im-
portant to improve our ability to predict the intensity
and tracks of tropical cyclones. However, there are
still many problems associated with tropical cyclone
forecasting in China, as well as in many developed
countries (Chen, 1997; Chen and Meng, 2001). The
difficulties include many factors, such as insufficient
observations over the oceans, inaccurate parameter-

izations of the physical processes, and coarse model
resolutions (Ding, 1991). The lack of sufficient ob-
servational data over the open sea in particular has
been one of the major obstacles for studying the in-
ner structure of tropical cyclones accurately (Meng et
al., 2002). Fortunately, with the development of nu-
merical models and progress in atmospheric remote
sensing techniques, such a problem can be mitigated
by non-conventional observations in sparse-area data,
appropriate and advanced assimilation methods, and
ensemble forecasting.

The emergence of the meteorological satellite was
a groundbreaking development in atmospheric obser-
vation techniques. Meteorological satellites can obtain
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observations and distributions of data at higher spa-
tial resolutions from larger coverage areas, thus allevi-
ating greatly the problem of the lack of conventional
data over oceanic, plateau, and desert areas. In par-
ticular, the Advanced TIROS-N Operational Vertical
Sounder (ATOVS), on board the National Oceanic and
Atmospheric Administration (NOAA) series of polar-
orbiting satellites, has been providing atmospheric
temperature and water vapor information, which are
extremely important data for numerical weather pre-
diction (NWP) (Andersson et al., 1994; Rabier et al.,
2000). ATOVS radiance assimilation has improved
forecasting significantly, not only in the southern hemi-
sphere, but also in the northern hemisphere (Simmons
and Hollingsworth, 2002). Better predictions of ty-
phoon track were obtained through use of ATOVS ra-
diances in global data assimilation at the Japan Me-
teorological Administration (Kazumori et al., 2003).
Based on the three-dimensional variational (3DVAR)
assimilation technique, direct assimilation of ATOVS
microwave radiances were used to successfully simu-
late the fast movement of Typhoon Rammasun (2002)
(Zhang et al., 2004), a feat unachievable with conven-
tional radiosonde data.

However, radiance observations from satellites have
biases which come from instrument characteristics, ag-
ing, pre-processing, and so on. Fast radiative transfer
models also have biases from the approximation used
to speed up the model and from the inaccuracy of spec-
troscopic databases. The biases of observations may
distort the observed minus calculated (O–B) radiances
and, sometimes, cause serious problems in the analy-
ses (Okamato et al., 2005). Hence, bias in observed
radiances, as well as those simulated from the model
first-guess must be corrected. The original radiance-
bias correction scheme used by the European Cen-
tre for Medium-Range Weather Forecasts (ECMWF)
relied on the observed brightness temperatures from
MSU (microwave sounder unit) channels as linear pre-
dictors. Many previous studies have proposed that
bias in the O–B relies on the nature of air mass de-
pendency (Kelly and Flobert, 1988; McMillin et al.,
1989; Uddstrom, 1991; McNally et al., 2000). Minor
improvements have been made by the use of cloudy
radiances (Eyre, 1992), but the basic scheme has not
been changed. Harris and Kelly (2001) took latitude-
dependent scan correction into account and used the
information from the model first-guess instead of MSU
radiances as predictors. Liu et al. (2007) corrected
the bias based on the scheme of Harris and Kelly
(2001) and by taking into account both ATOVS instru-
ment characteristics and weather conditions in China.
Okamato et al. (2005) relied upon both the model
first-guess and observed brightness temperatures from

several AMSU-A (Advanced Microwave Sounding Unit
A) channels (5, 7, and 10) as air mass bias predic-
tors. The bias correction scheme used in this study was
proposed by Harris and Kelly (2001, HK scheme), in
which two kinds of observational biases are corrected,
one dependent on the scan angles and the other on the
categories of air mass.

In order to study the impact of ATOVS obser-
vations without and with bias correction, they were
assimilated with an Ensemble Kalman Filter (EnKF)
system based on the T106L19 forecast model. EnKF
has emerged rapidly as the method of choice in the
atmospheric and oceanographic sciences, as well as in
satellite data assimilation, since it was first proposed
by Evensen (1994). Satellite data has been assimilated
by the EnKF system and the results indicate clear pos-
itive impacts (Miyoshi and Yoshiaki, 2007). Satellite
wind data assimilated with the EnKF system have re-
cently been applied to hurricane initialization (Chen
and Snyder, 2006). There are several variants to the
EnKF, a system first proposed by Evensen (1994), and
then later by Houtekamer and Mitchell (1998). These
variants include the use of the ensemble square root fil-
ter (EnSRF) (Whitaker and Hamill, 2002; Snyder and
Zhang, 2003; Evensen, 2004; Zhang et al., 2006), the
ensemble adjustment filter (EAF) (Anderson, 2001),
and the ensemble transform Kalman filter (ETKF)
(Bishop et al., 2001). In this paper, the EnSRF im-
plemented by Whitaker and Hamill (2002) was used.

In this study, ATOVS observations with and with-
out bias correction were assimilated with the EnSRF
system, and then the results of the assimilation were
used as the initial field of the T106L19 model to sim-
ulate the Typhoon Prapiroon (2006). In the following
section, we describe the numerical prediction model
and the fast radiative transfer model. In section 3,
an independent bias correction scheme is employed to
correct the observational bias. The method used for
assimilating AMSU radiance data and the results of
the numerical experiments are described in sections 4
and 5, respectively. Finally, conclusions and a discus-
sion are presented in section 6.

2. Description of the models

2.1 The numerical prediction model–T106L19
The globalmedium-range spectralmodel,T106L19,

developed by the ECMWF was used for the numerical
simulation of the typhoon. The “T” in the model’s
name refers to triangular truncation at 106 wave num-
bers, and the “L” to the fact that the model has 19 ver-
tical layers with staggered variables. Using spherical
harmonics as basic functions, the spectral form of the
momentum, mass continuity, thermodynamics, mois-
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ture conservation, and pressure tendency equations are
expressed in terms of their coefficients. A semi-implicit
time differencing scheme is used to enhance the time
step for the gravitational modes. The vertical coor-
dinate is based on a terrain-following σ-surface. For
T106L19 representation, the Gaussian grid required is
320 by 160 points, corresponding approximately to a
1.125◦ grid. The time step is 900 seconds.

2.2 The fast radiative transfer model–
RTTOV-7

RTTOV (Radiative Transfer for TIROS-N Oper-
ational Vertical Sounder) is a fast radiative trans-
fer model which has been under development at the
ECMWF since 1990 (Saunders et al., 1999). In this
study, the fast radiative transfer model RTTOV-7 was
used as the observation operator, H, which is a non-
linear operator. The model allows rapid simulations
of radiances for satellite infrared or microwave nadir
scanning radiometers given an atmospheric profile of
temperature, variable gas concentrations, and cloud
and surface properties, referred to as the state vector
(Saunders, 2005).

3. Radiance-bias correction and quality con-
trol

NOAA-16 is the fifth generation polar-orbiting rou-
tine environmental series satellite. The Advanced Mi-
crowave Sounding Unit (AMSU) onboard NOAA-16,
which is used to improve the vertical sounding of at-

Table 1. AMSU-A channel characteristics.

Channel Peak level Main observation

1 surface surface condition and
the precipitable water

2 surface surface condition and
the precipitable water

3 surface surface emissivity
4 1000 hPa atmospheric temperature
5 700 hPa atmospheric temperature
6 400 hPa atmospheric temperature
7 270 hPa atmospheric temperature
8 180 hPa atmospheric temperature
9 90 hPa atmospheric temperature
10 50 hPa atmospheric temperature
11 25 hPa atmospheric temperature
12 12 hPa atmospheric temperature
13 5 hPa atmospheric temperature
14 2 hPa atmospheric temperature
15 surface surface condition and

the precipitable water

Table 2. AMSU-B channel characteristics.

Channel Peak level Main observation

1 surface the precipitable water
2 surface the precipitable water
3 440 hPa atmospheric humidity
4 600 hPa atmospheric humidity
5 800 hPa atmospheric humidity

mospheric temperature and humidity, consists of type
A (AMSU-A) with 15 channels (Table 1) and type B
(AMSU-B) with 5 channels (Table 2). Compared to
conventional infrared and visible light sounding units,
the AMSU units have the unique ability to penetrate
heavy clouds to sound the vertical structure of atmo-
spheric temperature and humidity. The horizontal res-
olutions of AMSU-A and AMSU-B are 45 km and 15
km, respectively.

The correction scheme is divided into two steps.
The first step is to use information on the scan angle
to make a correction for the relative biases between
measurements at different scan angles. The second
step is to then correct the biases correlated with “air
mass” as sensed by the measurements themselves. A
brief description of the HK scheme follows below.

3.1 Bias correction

The scan correction has been subdivided into 18
latitude bands, each 10◦ in width. The scan correc-
tion is obtained using the formula:

ds(φ, θ) = Ds(φ, θ) − Ds(φ, θ = 0) , (1)

where φ is the latitude band number, θ the scan angle,
s the scan position, D the average observed radiance,
and d the scan bias.

3.2 Air mass bias correction

The air mass regression scheme uses a set of bias
predictors, Xi(i = 1, · · · , n), extracted from the same
background state used in the EnKF system, to predict
the radiance bias, Bj in each channel, j, through the
linear regression equation

Bj =
n∑

i=1

AjiXi + Cj , (2)

where the coefficients Aji and Cj are calculated by
linear regression fit on a large sample, usually around
two weeks of data. The coefficients are given by:

Aji =
n∑

k=1

〈Dj , Xk〉 · [〈X, X〉]−1
i , (3)

where 〈· , ·〉 denotes covariance, X is the vector of Xi,
Dj denotes the observation innovation in channel j,
and k is the number of the predictors.
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3.3 Bias correction results

According to the Eq. (2), air mass bias predictors
should be set. There are high correlations between
radiance bias, the thickness of 1000–300 hPa, 200–50
hPa, the surface skin temperature, and total precip-
itable water in the model first-guess (Harris and Kelly,
2001). Four predictors are the thicknesses (1000–300
and 200–50 hPa), the surface skin temperature, and
the total precipitable water of the 6-h forecast with the
T106L19 model. The analysis of the T106L19 model
is derived from the EnSRF system.

As is well known, the period of corrected radiance
data must be close to the period of radiance data that
are used to calculate bias coefficients for the reason
that the main changes in the air mass coefficients are
related to seasonal changes and possible instrument
drift. A large dataset, including AMSU-A and AMSU-
B data and the 6-h forecast with the T106L19 model
from 16–31 July 2006, were utilized to calculate coef-
ficients of scan bias and air mass bias. Then, these
coefficients were employed to correct radiance data af-
ter 31 July 2006.

Taking AMSU-A satellite radiance data from 1–15
August 2006 as an example to demonstrate the effect
of bias correction, Fig. 1 shows mean O–B with and
without bias correction. As can be seen, the mean
O–B of the channels has been significantly reduced,
and in more than half of the channels it successfully
approaches zero after bias correction. However, the
mean O–B in channels 1–3 and 13–15 is still high, with
three possible reasons for this evident to the authors.
Firstly, even if the bias correction scheme is perfect, O–
B including a first-guess bias should be shifted from 0

by the effects of the first-guess bias. Secondly, channels
1–3 and 15 are highly sensitive to surface conditions,
where the microwave surface emissivity is difficult to
estimate accurately. And thirdly, the first-guess bias
in the upper stratosphere may produce less accurate
correction coefficients and predictors for channels 13
and 14. The peak O–B for each channel is shifted
towards zero after bias correction (Fig. 2). The distri-
bution of O–B after bias correction is more similar to
a Gaussian distribution than without bias correction.

3.4 Quality control

Quality control is vital for any type of data. Many
factors can cause large errors in satellite observations,
such as weather conditions (clear, cloudy, or overcast),
ground conditions (sea surface, land, sea ice etc.), geo-
graphical location (as in the mid latitudes or the trop-
ics), observational locations (sub-satellite point or an
edge measure), the response characteristics and accu-
racy in the process of the sensor moving in orbit, the
error of the forward model and the error of the back-
ground field, and so on. In order to guarantee con-
sistency between neighboring data and thus quality
in analysis of results, quality control procedures must
first be carried out. This was conducted in two steps,
with the aim being to identify and reject bad radiance
data. These two steps were: (1) radiance brightness
temperature data outside of the interval 150–350 K
were rejected; and (2) a check for departures between
the simulated observation and the actual observation
was carried out. Any radiance brightness temperature
data that could not satisfy the following:

|yj,o − (Hxf )j | < mσo (4)
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Fig. 1. Mean O–B (with and without bias correction) for AMAU-A channels
1–15 from NOAA16 radiance for the period 1–15 August 2006.
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Fig. 2. Distribution of O–B for AMSU-A channels 1–15 for the period 1–15 August 2006. Heavy solid line, with
bias correction; dotted line, without bias correction.

were excluded, where yj,o are the values of the actual
observation in channel j, respectively; σo is the stan-
dard deviation of O–B; and m is a chosen parameter
(m=3, in this experiment).

The selection of certain channels is determined by
the conditions of each channel. Some channels were
removed before undergoing subsequent quality control
procedures. For instance, channels which are strongly
sensitive to surface conditions (AMSU-A channels 1–3
and 15 and AMSU-B channels 1 and 2) were excluded
because it is difficult to estimate the microwave sur-
face emissivity accurately. As the mean of O–B was
still large after bias correction (Fig. 1), channels 12–
14 of the microwave sounder AMSU-A were also ex-
cluded, as well as in order to avoid the error caused
by interpolating on the top level of the model, which
might have influenced the retrieval results of temper-
ature and water vapor.

4. The assimilation analysis algorithm for the
ATOVS radiance data

4.1 The EnSRF assimilation method

Sampling error exists inevitably since the ensem-
ble sizes are finite. In the ensemble-based Kalman
filters, the sampling error reduces the accuracy of
the analysis-error covariance. To eliminate the sam-

pling error associated with the perturbed observations
and to embody the observation-error covariance in the
analysis-error covariance, some schemes without per-
turbed observations are proposed, in which EnSRF is
a simple and feasible one.

In the Kalman Filter, the minimum error-variance
estimate of the analyzed state xa is given by

xa = xf + K(yo − Hxf) , (5)

where xf is the model forecast, yo is a set of obser-
vations, H is an observation operator that converts
the model state to the observation space, and K is
Kalman gain matrix. Expressing the variables as an
ensemble mean (denoted by an overbar) and a devi-
ation from the mean (denoted by a prime), updated
equations for the EnKF system can be written as

xa = xf + K(yo − Hxf) , (6)

x′
a = x′

f + K̃(y′
o − Hx′

f) , (7)

where K is the Kalman gain and K̃ is the gain used
to update deviations from the ensemble mean. The
EnSRF algorithm eliminates the necessity to perturb
the observations, and Eq. (6) is simplified to:

x′
a = x′

f + K̃Hx′
f . (8)
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K̃ is defined by Whitaker and Hamill (2002) as:

K̃ =

(
1 +

√
Pf

HP fHT + R

)−1

K . (9)

This definition for K̃ is the analysis-error covariance
of an ensemble remaining the same as in the EnKF
system. Here, HP fH

T and R are scalars represent-
ing the background and observational-error variance
at the observation location.

4.2 The initial ensemble perturbations

The original data assimilation system of T106L19
is Optimal Interpolation (OI). The EnSRF data assim-
ilation system based on the global medium-range spec-
tral model T106L19 has been newly developed by our
group, in which the initial ensemble perturbations are
based on the multivariate empirical orthogonal func-
tion (MEOF). The initial ensemble mean state is taken
from the OI analysis and there are five variables in the
state vector: U (zonal wind), V (meridional wind),
T (temperature), q (specific humidity), and p (surface
pressure).

5. Numerical experiments

5.1 A brief description of Typhoon Prapiroon

Typhoon Prapiroon (2006) formed in the middle of
the South China Sea near (17.0◦N, 117.8◦E) on 1 Au-
gust 2006. Moving northwestward, it reached the in-
tensity of a typhoon after one day. It then moved west-
northwestwards to the western coast of Guangdong
and landed during the night of 3 August, with a max-
imum wind speed of 33 m s−1 during landfall. There-
after, it weakened to a tropical storm as it moved on to
Guangxi Province on 4 August. Typhoon Prapiroon
(2006) brought heavy rainfall in many provinces fol-
lowing landfall, although its lifetime was only four
days. In the experiment, the simulation period was
taken as 1800 UTC 2 August 2006 to 1200 UTC 4
August 2006, with the aim to investigate the im-
pact of radiance-bias correction on the prediction of
Prapiroon’s track.

5.2 Experimental setup

To investigate the impact of ATOVS microwave
radiance-bias correction on the prediction of typhoon
track, two experiments were carried out. In the first
experiment (Expt. 1), radiosonde data and ATOVS
microwave radiance brightness temperatures without
bias correction were adopted as the observation data.
The analysis period was from 0000 UTC 1 August to
1200 UTC 2 August, and observations were taken ev-
ery 6 h. The final analysis was used as the initial fields

of the T106L19 model for the 48-h simulation. The
predictions were outputted every 6 h from 1800 UTC
2 to 1200 UTC 4 August 2006. In the second exper-
iment (Expt. 2), ATOVS microwave radiance bright
ness temperatures with bias correction were adopted
as observation data, instead of without, as in Expt. 1.
All other factors were the same as in Expt. 1.

The resolution for ATOVS observations was se-
lected as 250 km for AMSU-A, and 180 km for AMSU-
B. The coverage of the ATOVS observations, obtained
every 6 h, is shown in Fig. 3. The covariance localiza-
tion based on Gaspari and Cohn (1999) was used for
the two experiments. The ensemble size was fixed at
80, and the covariance localization radius was fixed at
1000 km.

5.3 Analysis of results

Figure 4 shows the initial location (1200 UTC 2

Fig. 3. Observational coverage of ATOVS data every six
hours. Green, AMSU-A; blue, AMSU-B.

Fig. 4. Initial location (1200 UTC 2 August) and the
predicted tracks of the typhoon from 1800 UTC 2 Au-
gust to 1200 UTC 4 August 2006 at 6-h intervals. Solid
dotted line, observed typhoon position; hollow dots, po-
sition of Expt. 2; squares, Expt. 1.
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August), the predicted track, and the observed best
track (OBS) from 1800 UTC 2 August to 1200 UTC 4
August 2006. Both the moving direction and the speed
of the typhoon from Expt. 1 and Expt. 2 are similar
to those of the OBS, except for the 48-h prediction
in Expt. 1. However, a better result was obtained in
Expt. 2, in spite of the fact that the simulated location
of the typhoon moves towards the south in comparison
with the OBS.

Expt. 2 shows the typhoon to be moving south-
westward from 1200 UTC to 1800 UTC 2 August,
which is similar to the track of the OBS. The posi-
tion of landfall in Expt. 1 is far from the observa-
tion. At first, the typhoon in Expt. 1 lands on the
northeast of Hainan Province, with its center located
at (19.9◦N, 111.0◦E) at 0600 UTC 3 August, and then
it lands secondly on the western coast of Guangdong
at 1200 UTC 3 August, while the observed position of
the typhoon’s landfall was at about (21.4◦N, 111.6◦E)

in Guangdong Province at 1200 UTC 3 August. In
Expt. 2, the typhoon landing on the southwest coast
of Guandong Province, which is near to the observed
position, despite a time lag of about 9 h compared to
the observation. Furthermore, the track error in Expt.
1 increased to more than 260 km for the 48-h predic-
tion, while the error in Expt. 2 was about 150 km for
the same period.

Let us now turn our attention to the circulation
at 500 hPa and its impacts on Typhoon Prapiroon
(2006). NCEP reanalysis data are used to verify the
simulations. Geopotential height in the NCEP re-
analysis at 500 hPa at 1200 UTC 2 August shows
that the center of the West Pacific Subtropical High
(WPSH) is located at the Sea of Japan, with its west-
ern point at around 119◦E (Fig. 5a1). Subsequently,
the WPSH intensifies gradually and extends westward.
At 1200 UTC 3 August, the intensity of the WPSH
reaches 5940 gpm, with its western point extending

Fig. 5. Geopotential height at 500 hPa on 1200 UTC 2 August (a1, b1, c1), 1200 UTC 3
August (a2, b2, c2) and 1200 UTC 4 August 2006 (a3, b3, c3). The upper panel (a1, a2, a3)
is the NCEP reanalysis; (b1) is the initial circulation with bias correction of Expt. 2; (c1) is
the initial circulation without bias correction of Expt. 1; (b2) and (b3) are the predictions
with bias correction; and (c2) and (c3) are the predictions without bias correction. (Units:
gpm)
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to around 114◦E (Fig. 5a2). At the same time, high
pressure over northeastern China strengthens gradu-
ally and moves eastward. At 1200 UTC 4 August,
high pressure over northeastern China, which arises
northward of the WPSH (Fig. 5a3), moves eastward
to the coastal area of northeastern Asia. Under such
an influence of the WPSH, Typhoon Prapiroon (2006)
moves westward after landfall.

The initial circulations (the final analysis fields)
are shown in Figs. 5b1 and 5c1 to show the influence
of bias correction. In the middle and high latitudes,
two high pressure patterns and one low pressure pat-
tern can be found in Expt. 1 and Expt. 2, but the
circulation in Expt. 2 is more consistent with NCEP
reanalysis data (Fig. 5a1). In Expt. 1, the center of
the WPSH is located further west. The more south-
ward the location of the WPSH, the more southward
the track of the typhoon. There is a significant dif-
ference from NCEP reanalysis data in Expt. 1. The
high pressure ridge over northwestern China is obvi-
ously stronger and the center of the WPSH further
east (Figs. 5c2 and 5c3). After 0600 UTC 4 August,
the intensity of the WPSH is stronger over the mid-
dle and lower reaches of the Yangtze River, which in-
duces southwestward movement of Typhoon Prapiroon
(2006), so that the prediction error of the typhoon
track becomes larger in Expt. 1. The intensity of the
typhoon at 500 hPa (about 5760 gpm) in Expt. 2 is
better than in Expt. 1 (about 5780 gpm) from 1800
UTC 2 to 1800 UTC 3 August, although it is still
weaker than that of the NCEP reanalysis (about 5740
gpm). The results of the simulation using ATOVS ra-
diance with bias correction (Expt. 2) show that the
position, intensity and movement of the WPSH are
more consistent with the NCEP reanalysis (Figs. 5b2
and 5b3), such that the prediction of typhoon track is
more similar to the OBS. Based on the above analyses,
it can be concluded that the predicted circulation in
Expt. 2 is better than in Expt. 1.

6. Conclusions and discussion

In this paper, the HK scheme was adopted to cor-
rect the bias between observed Advanced TIROS-N
Operational Vertical Sounder (ATOVS) radiances and
those simulated from the T106L19 model first-guess.
The corrected ATOVS data were then used to simu-
late Typhoon Prapiroon (2006), which occurred dur-
ing the period 2–4 August 2006. The EnKF system
based on the T016L19 model was used to directly as-
similate ATOVS microwave radiance observations with
and without bias correction, and the final analysis was
used as the initial conditions of the T106L19 model to
simulate Typhoon Prapiroon (2006). The impact of

radiance-bias correction was then analyzed. The fol-
lowing can be concluded:

(1) The mean values of O–B in most channels come
closer to zero, and the peak in each channel shifts to-
wards zero, after bias correction. Furthermore, the
distribution of O–B is more similar to a Gaussian dis-
tribution than without bias correction.

(2) The assimilation of ATOVS radiance data with
bias correction has a positive impact on the prediction
of typhoon track and intensity.

(3) With the rapid development of assimilation and
remote sensing sounding techniques, unconventional
satellite observations are increasingly used to improve
numerical prediction. The results of the experiments
in the present study and previous studies show that the
technique of removing bias in radiance is an effective
way to better use satellite data. Thus, it has great
potential and brilliant prospects in the prediction of
typhoon tracks.

This study is only a case study at present. In the
future, more experiments with other real cases, along
with further studies of bias correction, including sensi-
tivity studies on the impact of different O–B datasets
for specifying bias correction coefficients, will bring
more insights into this problem.
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