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Multi-model multi-analysis



Failure of blocking forecast

Matsueda et al. 2011



Sensitivity to initial conditions

Yamaguchi et al. 2012

would make landfall in the Philippines, whereas EM-EI suc-
cessfully predicted the recurvature, though the track showed a
slow bias after the recurvature. After replacement of the initial
conditions in JMA/GSM, the model was able to predict the
recurvature of Lupit, thus reducing the position error from
720 km to 280 km.
[11] Additional experiments were conducted in which the

initial conditions were created by blending the low-wavenumber

component (≤T42, !300 km) of the ECMWF analysis with
the higher one of the JMA analysis (JM-EI2). The horizontal
resolution of T42 was equal to that of the ensemble initial
perturbations in the ECMWF EPS. Even this change in initial
conditions improved the track (Figures 3a and 3b, orange
lines), which indicates that the representation of the steering
flow formed by the synoptic environment around the TC is
important for accurate TC track prediction, as demonstrated

Figure 2. Position errors (left vertical axis) from 0 to 5 days of JM-JI, EM-EI, and JM-EI, and the number of samples (right
vertical axis).

Figure 3. Track predictions by JM-JI, EM-EI, JM-EI, and JM-EI2 and the observed track for (a) Typhoon Dujuan, initiated
at 1200 UTC on 5 September 2009, and (b) Typhoon Lupit, initiated at 1200 UTC on 21 October 2009. (c and d) The TEPS
track predictions for Dujuan and Lupit, respectively, for the same initial times. The triangles are plotted along each track
every 24 hours.
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Insensitivity to initial 
conditions

Yamaguchi et al. 2012

model: JMA, IC: ECMWF
model,IC: JMA

model, IC: ECMWF
best track

Morakot 2009 Parma 2009

in previous studies [e.g., Chan and Gray, 1982]. It also
shows the validity of adopting low-resolution singular vec-
tors to create the ensemble initial perturbations in the
ECMWF and JMA EPSs, which have horizontal resolutions
of T42 and T63, respectively.
[12] Figures 3c and 3d show the ensemble TC track pre-

dictions by the JMA Typhoon EPS (TEPS) [Yamaguchi et al.,
2009] for Dujuan and Lupit. TEPS has 11 members, and the
ensemble initial perturbations were created by the singular
vector method. The uncertainties in the NWP model were not
considered in TEPS. The uncertainties in the timing of the
recurvature of Dujuan were well represented by the ensemble
members, and TEPS succeeded in predicting that the repre-
sentation of the westerly jet might cause the position error to
become large in the along-track direction. In the case of Lupit,
some ensemble members were successful in predicting the
recurvature of Lupit though the unperturbed control member
was not able to predict the recurvature like the JM-JI predic-
tion. These two ensemble cases imply that TEPS can suc-
cessfully express the uncertainties of the TC track predictions
when they are sensitive to initial conditions.
[13] Figures 4a and 4b show two examples where replace-

ment of the initial conditions did not improve TC track pre-
diction even though the EM-EI position error was small.
TyphoonMorakot (Figure 4a) made landfall in Taiwan, where
it caused torrential rainfall and catastrophic damage. Typhoon
Parma (Figure 4b) made landfall in the Philippines and
added to the damage caused by Typhoon Ketsana, which had
struck the previous week. In both cases JM-JI showed a
northward bias and failed to predict the landfalls. Moreover,
the northward bias remained even after replacement of the

initial conditions with the ECMWF initial conditions. The
insensitivity of these predictions to changes in the initial con-
ditions indicates that modifications of JMA/GSM would be
needed to predict the observed tracks more accurately.
[14] In the TEPS predictions of the tracks of Morakot and

Parma (Figures 4c and 4d, respectively), all ensemble
members showed a northward bias and failed to predict the
observed landfall. In addition, the ensemble spread was rel-
atively small, which might lead the user to mistakenly infer a
small prediction error. For these two TCs, addressing only
the initial condition uncertainties was not sufficient to cap-
ture the observed track, and for better probabilistic predic-
tions, a method for addressing uncertainties associated with
the NWP model would be needed.
[15] The northward bias is not unique to TEPS; the same

bias is seen in ensemble predictions of other major NWP
centers (Figures S1 and S2 in the auxiliary material).1

Moreover, the northward bias tends to appear to the east of
the Philippines. To reduce TC track prediction errors and to
improve the accuracy of probabilistic forecasting, the cause
of this bias must be identified and the NWP systems,
including the EPSs, must be modified to correct the bias.

4. Discussions

[16] Although both ECMWF and JMA use 4DVAR for
their data assimilation scheme, the differences of their initial
conditions are large enough to yield prediction cases as have

Figure 4. Track predictions by JM-JI, EM-EI, and JM-EI and the observed track for (a) TyphoonMorakot, initiated at 1200UTC
on 4August 2009, and for (b) Typhoon Parma, initiated at 1200 UTC on 30 September 2009. (c and d) The TEPS track predictions
by for Morakot and Parma, respectively, for the same initial times. The triangles are plotted along each track every 24 hours.

1Auxiliary materials are available in the HTML. doi:10.1029/
2012GL051473.
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Operational NWP models

JMA
Research purpose 
No redistribution 

Feedback any modifications

with contract 
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NWP platform
2008~

NCEP Unknown

ECMWF
Education and Research 

No real-time  
No redistribution

2011~
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Typhoon track forecast



Annually averaged error of 
typhoon track forecasts by JMA
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ਤ 3.1: 2009೥ͷ๺੢ଠฏ༸ྖҬͰൃੜͨ͠೤ଳ௿ؾѹͷ 12UTCΛॳࠁ࣌ظͱͨ͠ 120࣌ؒ༧
ใ·Ͱͷฏۉਐ࿏༧ใࠩޡʢ࣮ઢɼ࣠ࠨʣͱαϯϓϧ਺ʢഁઢɼӈ࣠ʣɽNCEPͷσʔλʹ͸ 4ɼ
5ɼ9݄Λॳࠁ࣌ظͱͨ͠೤ଳ௿ؾѹ͸ؚ·Ε͍ͯͳ͍ɽ

ਤ 3.2: ʢaʣECMWFɼʢbʣJMAͷ 72࣌ؒ༧ใͷਐ࿏༧ଌࠩޡͷ෼෍ਤɽॎ࣠ʹ೤ଳ௿ؾѹͷ
ਐ޲ํߦͷࠩޡɼԣ࣠ʹਐ޲ํߦʹ௚ަ͢ΔࠩޡΛͱΓɼ୯Ґ͸ kmͰ͋Δɽ੺৭͸స޲લɼ྘৭
͸స޲தɼ੨৭͸సޙ޲ͷྫࣄΛࣔ͢ɽྫࣄ਺ΛਤͷӈԼʹࣔ͢ɽ

29

operational

Positional error 
NW Pacific 

2009

ਤ 3.3: 2009೥ͷ๺੢ଠฏ༸ྖҬͰൃੜͨ͠೤ଳ௿ؾѹͷ 12UTCΛॳࠁ࣌ظͱͨ͠ʢaʣ௿ղ૾
౓࣮ݧɼʢbʣߴղ૾౓࣮ݧͷGFSʹΑΔ 120࣌ؒ༧ใ·Ͱͷฏۉਐ࿏༧ใࠩޡʢ࣮ઢɼ࣠ࠨʣͱ
αϯϓϧ਺ʢഁઢɼӈ࣠ʣɽ

31

NCEP GSM T190L64 

ਤ 3.3: 2009೥ͷ๺੢ଠฏ༸ྖҬͰൃੜͨ͠೤ଳ௿ؾѹͷ 12UTCΛॳࠁ࣌ظͱͨ͠ʢaʣ௿ղ૾
౓࣮ݧɼʢbʣߴղ૾౓࣮ݧͷGFSʹΑΔ 120࣌ؒ༧ใ·Ͱͷฏۉਐ࿏༧ใࠩޡʢ࣮ઢɼ࣠ࠨʣͱ
αϯϓϧ਺ʢഁઢɼӈ࣠ʣɽ

31

NCEP GSM T382L64 

NCEP excluding April, May and September

Miyachi 2014, master thesis



Along track/cross track error

ਤ 3.1: 2009೥ͷ๺੢ଠฏ༸ྖҬͰൃੜͨ͠೤ଳ௿ؾѹͷ 12UTCΛॳࠁ࣌ظͱͨ͠ 120࣌ؒ༧
ใ·Ͱͷฏۉਐ࿏༧ใࠩޡʢ࣮ઢɼ࣠ࠨʣͱαϯϓϧ਺ʢഁઢɼӈ࣠ʣɽNCEPͷσʔλʹ͸ 4ɼ
5ɼ9݄Λॳࠁ࣌ظͱͨ͠೤ଳ௿ؾѹ͸ؚ·Ε͍ͯͳ͍ɽ
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T0920 Lupit



Lupit 2009: multi-analysis runs 
with JMA GSM

Yamaguchi et al. 2012 
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Parma 2009: multi-analysis runs 
with NCEP GSM
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Parma 2009: multi-analysis runs 
with JMA GSM

Yamaguchi et al. 2012 

Little improvement with 
ECMWF analysis

Best track

ECMWF

JMA

Best track

ECMWF/ 
JMA GSM



Parma 2009: multi-analysis runs 
with NCEP GSM

Operational NCEP GSM T382L64

initial: 12 UTC 30 September

72 h error reduced from 
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JMA analysis

Best track

JMA
ECMWF

JMA
ECMWF

NCEP

Miyachi 2014, master thesis



Non-axisymetric convection
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T1303 Yagi



T1303 Yagi

Forecast from 21 UTC 9 June 2013

Peak: 12 UTC  
10 June

990hPa, 23 m/s
Birth: 12 UTC 8 June

Death: 18 UTC 12 June

Miyachi



Deterministic forecast

ECMWF TL1279L91 (∼16km) NCEP T574L64 (∼27km) JMA TL959L60 (∼20km) 

From 12 UTC 8 June 9 June 10 June

Miyachi



Ensemble forecast

Miyachi
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ECMWF embedded in JMA

Yoshida



Sensitivity to resolution
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Sensitivity to initial time: TL159
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Sensitivity to initial time: TL511
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Representation of the front
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Eastward migration of 
mesoscale lows
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Summary

• Explore predictability with a multi-model multi-analysis 
approach.

• # of cases with large positional errors that deteriorate 
skills can be reduced by improving the model.

• Lupit 2009 is sensitive to IC consistently among 
models indicating importance of the steering flow.

• Both IC and models are important with Parma 2009 
implying influence from diabatic heating.

• In Yagi 2013 track is sensitive to IC but intensity is not.


