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Tropical Storm Paul (1999) on the Motion and Rainfall Associated with Tropical
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Galewsky, J., C. P. Stark, S. Dadson, C.-C. Wu, A. H. Sobel, and M.-J. Hong, 2006:
Tropical cyclone triggering of sediment discharge in Taiwan. J. Geophysical
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G.-C. Lu, C.-T. Fong, K.-C. Hsu, I-I Lin, P.-L. Lin, C.-H. Liu, 2005: Dropwindsonde
Observations for Typhoon Surveillance near the Taiwan Region (DOTSTAR): An
Overview. Bulletin of Amer. Meteor. Soc., 86, 787-790. (SCI, IF=3.055)

Wu, C.-C., P.-H. Lin, I-I Lin, T.-C. Yeh, 2004: A Review on "Dropsonde
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hydrostatic mesoscale model. Atmos. Sci. (in Chinese with an English abstract), 29,
291-314.

17. Kuo, H.-C., C.-C. Wu, and C.-S. Lee, 2001: The challenge of typhoon research.
National Science Council Monthly (in Chinese), 29, 859-866.
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hurricane model: Forecast skill and comparison of predictions using AVN and
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research in Taiwan: Potential application of GPS/MET data. Terrestrial, Atmospheric,
and Oceanic Sciences, 11, 211-234. (SCI-¢)
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and future challenges. Bulletin of Amer. Meteor. Soc., 80, 67-80. (SCI)

11. Wu, C.-C., and T.-H. Yen, 1999: Typhoon bogusing and simulation using MMS5.
Quarterly Journal on Meteorology Contents (in Chinese), 160, 29-44.

10. Wu, C.-C., Y.-T Cho, and S.-D Wang, 1999: The Effect of Taiwan Terrain on
Typhoon Gladys(1994) Part I: Observational Study. Atmos. Sci (in Chinese with an
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8. Wu, C.-C., C.-Y. Tsay, C.-S. Lee, and Y.-H. Kuo, 1998: Meeting summary of the
“International Workshop on Typhoon Research in the Taiwan Area”. National Science
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7. Wu, C.-C., and M.-L. Lu, 1997: An investigation of the theory on the maximum
potential intensity for hurricanes . Atmos. Sci. (in Chinese with an English abstract), 25,
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6. Wu, C.-C., and Y.-T Cho, 1997: Evaluation of the GFDL hurricane prediction system
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5. Wu, C.-C., and Y. Kurihara, 1996: A numerical study of the feedback mechanisms of
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4. Wu, C.-C., and K. A. Emanuel, 1995a: Potential vorticity diagnostics of hurricane
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2. Wu, C.-C., and K. A. Emanuel, 1994: On hurricane outflow structure. J. Atmos. Sci.,
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1. Wu, C.-C., and K. A. Emanuel, 1993: Interaction of a baroclinic vortex with
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. Lin, I-I, C.-C. Wu, and I.-F. Pum, 2008: Upper ocean thermal structure & the western
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Meeting, Asia Oceania Geosciences Society, Busan, Korea.

Chen, J.-H., M. S. Peng, C. A. Reynolds, and C.-C. Wu, 2008: Interpretation of
tropical cyclone forecast sensitivity and dynamics from a NOGAPS singular
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nonhydrostatic mesoscale model. Proc., 28th Conf. on Hurricanes and Tropical
Meteorology. American Meteorological Society, Orlando FL. 3A.5.

Lin, I-I, C.-C. Wu, and L.-F. Pun, 2008: A fresh look at ocean's part of necessary
conditions in supertyphoon's intensification. Proc., 28th Conf. on Hurricanes and
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Wu, C.-C., and coauthors, 2008: Inter-comparison of targeted observation guidances
for tropical cyclones in the western North Pacific . Proc., Tropical Meteorology
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Biographical Research Sketch

Chun-Chieh Wu (%! {5
Department of Atmospheric Sciences, National Taiwan University

12/2008

I have been devoting my full efforts to typhoon-related scientific research over
the past 18 years. My thesis work at MIT (Wu and Emanuel 1993, 1994, 1995a, b)
involved the understanding of hurricane movement from the potential vorticity
perspective, which 1 believe is the very pioneering achievement in proposing and
identifying the baroclinic effect on hurricane motion, and quantitatively evaluating the
typhoon steering flow and its relation with the large-scale dynamical systems. During my
post-doctor tenure at Geophysical Fluid Dynamics Laboratory (GFDL) in Princeton
University, my attention was drawn to the development of the GFDL hurricane model,
especially its initialization. Based on the GFDL hurricane model simulation, a hurricane-
environment interaction problem was demonstrated (Wu and Kurihara 1996).

After joining the faculty position in National Taiwan University (NTU) in 1995, I
started to build up the research laboratory, Typhoon Dynamics Research Center (see
http://typhoon.as.ntu.edu.tw), with a strong will to conduct top-notched typhoon
researches, through which I hope to improve our understanding of the dynamics and
physics of typhoon, as well as the forecast of typhoons. Currently I am leading the
“Priorioty Typhoon Research Project”, specially funded by the Division of Natural
Science, National Science Council (NSC) of Taiwan from 2002-2008. The research team
is making steady progress in the observing, modeling and theoretical aspects of typhoon
researches.

The following is a sketch of my current research foci and the proposed research
issues, primarily funded by the National Science Council (NSC) and Central Weather
Bureau (CWB) of Taiwan, NTU, and the Office of Naval Research (ONR) of U.S. Navy.

1. The dynamics of typhoon-terrain interaction:

Understanding how the Taiwan terrain affects the track, intensity, wind
structure, and precipitation distribution is one of my key research thrusts.
Both observational and numerical studies have been conducted to address this
problem (Wu and Kuo 1999, BAMS; Wu 2001, MWR; Wu et al. 2002, Wea.
& Forecating; Jian and Wu 2007, MWR; Galewsky et al. 2006, JGR). Work is
underway to understand the effect of the terrain on the eyewall dynamics and
Vortex-Rossby waves in landfalling typhoons (Wu et al. 2003, GRL). The
paper has been reported in the “news and views in brief” in “Nature
Magazine” in September 2003. A detailed study on the role of the diabatic
process in affecting the eyewall evolution has also been conducted (Wu and
Cheng 2008, MWR).

2. The dynamics of typhoon intensity change:
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One of the most difficult and unsolved problems in typhoon research is what
the physical mechanisms that control the intensity change of typhoons are.
We conducted an observational analysis (Wu and Cheng 1999, MWR) to
show the role of the eddy momentum flux and vertical shear in affecting the
intensity change of two different types of typhoons. Both idealized and real-
case numerical simulations are being set up to address this critical issue. A
review paper on this problem has been published in MAP (Wang and Wu
2004). An observational study has been conducted to assess the role of the
environmental factors on the typhoon intensity (Zeng et al. 2007, MWR). 1
am currently proposing to use an idealized flow field in a full-physics model
to investigate the impact of the environment and the vertical wind shear on the
intensity change of typhoons.

The dynamics of typhoon-ocean interaction:

This part of work is conducted with the collaboration with Dr. I-I Lin. The
cooling of the ocean due to the passage of typhoons has been documented
from satellite-retrieved SST data. The response to the wind change has also
been demonstrated (Lin et al. 2003a, GRL). Meanwhile, a striking
interdisciplinary issue on the dramatic bio-response and ocean primary
production due to typhoons has also been raised (Lin et al. 2003b, GRL). The
above two papers have been reported in the “news and views in brief” in
“Nature Magazine” in March and August issues, 2003, respectively. We have
also combined the Sea Surface Height Anomaly data with a simple coupled
model (CHIPS) to investigate the role of the warm ocean eddy on the intensity
change of Typhoon Maemi (2003) (Lin. et al. 2005, MWR). It is shown the
the warm eddy play a critical role in acting as an efficient insulator and
preventing the storm-induced SST cooling, thus enabling Maemi to sustain its
intensity as a Supertyphoon. This work has received very notable attention in
the typhoon research community. The intensification of Hurricane Katrina
(2005) is a case in point to highlight the role of warm ocean eddy and the
warm current as depicted in our paper. Inspired by our recent observations, |
have been working on a simple typhoon-ocean coupled model to understand
the role of the ocean mixed-layer structure and the warm current on such
feedback problems (Wu et al. 2007, JAS), and the impact of the typhoon-
induced SST cooling to the regional climate. Further work has been ongoing
to study the role of warm and deep ocean gyre and warm eddies as “Super-
typhoon Boosters” in the NW Pacific (Lin et al. 2008a, b, MWR, Lin et al.
200bc, GRL).

. Numerical simulation and data assimilation of typhoons

As described in Wu and Kuo (1999, BAMS), the improvement of our
understanding of typhoon dynamics and typhoon forecasting in the Taiwan
area hinges very much on our ability to incorporate the available data into
high-resolution numerical models through advanced data assimilation
techniques.  Therefore, I have made considerable efforts with data
assimilation research. We have conducted observing systems simulation
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experiments based on the 4-dimensional variational data assimilation to help
understand the key variables affecting the initialization and simulation of
typhoons (Wu et al. 2006, JAS). The follow-up adjoint sensitivity study can
play an important role in identifying important areas and parameters, which
should be helpful to construct the strategy for adaptive observations. Work is
undergoing to evaluate how to best incorporate the dropwindsonde data and
the bogused vortex based on the 3D-VAR and 4D-VAR method to improve
the simulation of the track and intensity of typhoons (Chou and Wu, 2008,
MWR).

Potential vorticity diagnostics of typhoons

The potential vorticity diagnostics have been designed to understand the
controlling factors affecting the motion of typhoons. A newly proposed
centroid-relative track, with the position weighting based on the steering flow
induced by the PV anomaly associated with the other storm, has been plotted
to highlight the binary interaction processes (Wu et al. 2003, MWR). More
detailed works have been continued to evaluate and to quantify the physical
factors leading to the uncertainty of the typhoon movement, such as Typhoons
Nari (2001) and Sinlaku (2002) (Wu et al. 2004, MWR). Further work is
proposed to get more insight into the physics of the statistical behavior of
typhoon tracks in the whole North western Pacific region. The role from the
ITCZ and other large scale circulation to the typhoon tracks will also be
quantified.

Ensemble forecasting of typhoons

Specific numerical forecast experiments were run (Wu, Bender and Kurihara
2000, JMSJ) to understand the systematic bias and error statistics of the
hurricane model, and the use of ensemble forecasts to minimize these biases.
The relationship between the ensemble spread and the ensemble errors was
also highlighted. More recent model forecast data have been collected to
construct a more meaningful ensemble forecast for typhoons, which should
provide a new ensemble technique other than the so-called super-ensemble.

DOTSTAR (Dropsonde Observation for Typhoon Surveillance near the
TAiwan Region) and targeted observation research

In light of the heavy damage done by typhoons to Taiwan year by year,
the National Science Council (NSC) of Taiwan places a great premium on
typhoon research, and therefore provides ample funding for the "National
Priority Typhoon Research" project each of the recent three years (from
August 1, 2002 to July 31, 2005), especially including the field experiment,
“Dropsonde Observations for Typhoon Surveillance near the Taiwan Region
(DOTSTAR)”. The DOTSTAR is an international research program
conducted by meteorologists in Taiwan [led by myself, along with Prof. Po-
Hsiung Lin of NTU and Dr. Tien-Chiang Yeh of Central Weather Bureau
(CWB) as CO-PI’s], partnered with scientists at the Hurricane Research
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Division (HRD) and the National Centers for Environmental Prediction (NCEP)
of the National Oceanic and Atmospheric Administration (NOAA). This
project marks the beginning of a new era for the aircraft surveillance of
typhoons in the western North Pacific.

Built upon work pioneered at NOAA's Hurricane Research Division
(HRD), the key to the project is the use of airborne sensors -- dropwindsondes,
which are released from jet aircraft flying above 42,000 feet in the
environment of a tropical cyclone. These sensors gather temperature, humidity,
pressure, and wind velocity information as they fall to the surface. Information
from the surveillance flights is transmitted in near real-time to the CWB of
Taiwan, as well as to the NCEP, FNMOC, and JMA. The data are
immediately assimilated into the numerical models of CWB, NCEP
(AVN/GFDL), FNMOC (NOGAPS/COAMPS/GFDN), UKMET, and JMA.
The DOTSTAR are expected to provide valuable data which can help increase
the accuracy of TC analysis and track forecasts, to assess the impact of the data
on numerical models, to evaluate the strategies for adaptive/targeted
observations, to validate/calibrate the remote-sensing data, and to improve our
understanding on the TC dynamics, especially over the TC’s boundary layer
(Wu et al. 2005, BAMS).

On September 1, 2003, the first DOTSTAR mission was successfully
completed around Typhoon Dujuan. NOAA remarked upon the successful
collaboration in a press release. On November 2, the second mission was
launched while the aircraft flew over the center of Typhoon Melor. Ten more
flights have been conducted for Typhoons Nida, Conson, Mindulle, Megi, Aere,
Meari, Nock-Ten and Namadel in 2004, with 193 dropsondes released. An
average 20% improvement for the 12-72h track forecasts over the NCEP-GFS,
FNMOC-NOGAPS, JMA-GSM, their ensembles, and the WRF model has
been demonstrated (Wu et al. 2007a, Wea. Fcsting).  Seven flights have been
conducted for Typhoons Haitang, Matsa, Sanvu, Khanun, and Longwang in
2005, five flights for Bilis, Kaemi, Bopha, Saomai, and Shanshan in 2006, five
flights for Pabuk, Sepat, Wipha, and Krosa in 2007, and 10 flights for
Fengshen, Kalmaegi, Fungwong,Nuri, Sinlaku, Hagupit, Jangmi. In total, the
DOTSTAR have conducted 38 surveillance flight missions for 31 typhoons,
with 200 flight hours and 630 dropsondes released.

Multiple techniques have been used to help design the flight path for
the targeted observations in DOTSTAR: (1) the area with the largest forecast
deep-layer-mean wind bred vectors from the NCEP Global Ensemble
Forecasting System at the observation time, (2) the Ensemble Transform
Kalman Filter, which predicts the reduction in forecast error variance for all
feasible deployments of targeted observations, and (3) the NOGAPS singular
vectors that identify sensitive regions. Recently we have proposed a new
theory (Wu et al. 2007b, JAS) to identify the sensitive area for the targeted
observations of tropical cyclones based on the adjoint model. By appropriately
defining the response functions to represent typhoon’s steering flow at the
verifying time, a unique new parameter, the Adjoint-Derived Sensitivity
Steering Vector (ADSSV) has been designed to clearly demonstrate the

19



sensitivity locations at the observing time. The ADSSV are being
implemented and examined in DOTSTAR, as well as the hurricane
surveillance program of NOAA’s Hurricane Research Division in the Atlantic
in 2005 (Etherton et al. 2006, 27™ Conf. on Hurr.). An inter-comparison study
(Wu 2006, IWTC-VI; Wu et al. 2009, MWR) has being conducted to examine
the common feature and difference among all the different targeting techniques.
Meanwhile, some better methods to combine the dropwindsonde data with the
bogused vortex has also been examined in Chou and Wu (2007, MWR).
Overall, the DOTSTAR has made significant impact to the typhoon research
and operation community in the international arena.

With strong support from both CWB and NSC, we are planning to
continue undertaking surveillance missions in 2006-2008.  In particular,
DOTSTAR has been recommended as a strong program, and is included as a
component in the international THORPEX/PARC initiative under World
Meteorological Organization (especially on the collaboration with the Japanese
program, Typhoon Hunting 2008, THOS, led by Dr. T. Nakazawa; and Tropical
Cyclone structure 2008, TCS-08 of US Navy). As the DOTSTAR research
team continues to harvest important data and gain valuable experience, we
believe that future typhoon observations will reach full maturity, enabling
significant progress in both academic research and typhoon forecasting. It is
hoped that DOTSTAR will shed light on typhoon dynamics, improve the
understanding and predictability of typhoon track through the targeted
observations, place the team at the forefront of international typhoon research,
and make a significant contribution to the study of typhoons in the
northwestern Pacific and East Asia region.

Some detailed information on DOTSTAR is available at
http://typhoon.as.ntu.edu.tw/DOTSTAR/English/home2_english.htm.
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