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Meeting Highlights

€ 2019 NTU-ZJU Seminar on Atmospheric Sciences
€ The 8th International Conference on Fog, Fog Collection and Dew
€ 2019 Metrological Conference for Cross-Strait Youngman

Visitors

Ahluwalia H. (IFMS), Chang KY (LBNA, USA), Chen T. (UMD, USA), Chien
MH (NYU, USA), Chu P. (UH Manoa, USA), Feng F. (CAS, China), Feng Y.
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(CSU, USA), Jia X. (ZJU, China), Koh T. (NTU, Singapore), Kuo Y. (NCAR, USA),
Li F. (UCLA, USA), Li T. (UH Manoa, USA), Li W. (ZJU, China), Lee RW (NCAS,
UK), Levine A. (UW, USA), Long C. (2JU, China), Lu J. (PNNL, USA), Miyoshi T.
(RCCS, JP), Moseley C. (MPI, Germany), Rasmussen K. (CSU, USA), Qian J.
(CCRS, Singapore), Roundy PE (SUNY Albany, USA), Shen B. (SDSU, USA),
Stuecker MF (PNU, Korea), Tao W. (NASA, USA), Tzeng CT (UP, USA), Wang
B. (UH, USA), Wang W. (SUNY Albany, USA), Zheng F. (IAP, CAS, China)

Research Highlights

€ Role of coastal convection to moisture buildup during the South China
Sea summer monsoon onset

€ Tracking a Long-Lasting Outer Tropical Cyclone Rainband: Origin and
Convective Transformation

2019 Doctors’ and Masters’ Theses

Editor: Po-Hsiung Lin (3&# 22)
Assistant: Shih-Ping Chang (3% :##%), Joy Koh (3% )
Address:

Department of Atmospheric Sciences

National Taiwan University

No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan
TEL: +886-2-33663927

Website: http://www.as.ntu.edu.tw/

NTUAS NEWSLETTER No. 12 Dec. 2019



Award

Professor Jong-Dao Jou was named as an Emeritus
Professor in 2019.

Professor Cheng-Shang Lee received the NTU
Outstanding Teaching Award in Teaching Award in
2018.

Professor Jen-Ping Chen received the NTU Outstanding
Teaching Award in Teaching Award in 2018.

Assistant Professor Yen-Ting Hwang received the NTU
Outstanding Teaching Award in Teaching Award in
2018.

Professor Hung-Chi Kuo received the title of Chair
Professor of NTU in 2019-2020
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Personnel Changes

Professor Guang-Rong Hsu retired from the department
on February 1, 2019.

Professor Jong-Dao Jou retired from the department on
August 1, 2019.

Professor Chun-Chieh Wu began serving as the Dean of
the College of Science on August 1, 2019.

Assistant Technician Chi-Bao Fu began serving in the
department on September 2, 2019.
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Retirement of Prof. Guang-Rong Hsu
A retirement party for Professor Guang-Rong Hsu was held on January 31, 2019.
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Retirement of Prof. Jong-Dao Jou

On June 21, the department of Atmospheric Science held a retirement
thanksgiving party in honor of Prof. Jong-Dao Jou. Teachers and students from
National Central University, National Taiwan Normal University, Chinese
Culture University, Academia Sinica, Central Weather Bureau, and National
Science and Technology Center for Disaster Reduction were all invited to
present their academic research. Prof. Chou also shared reflections from his 30-
years of tenure in the Atmospheric Sciences Department. It was a heartwarming
farewell party for everyone.
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Professor Chun-Chieh Wu took office as the Dean of the College
of Science

Professor Chun-Chieh Wu took up the post as the Dean of the College of Science
on August 1, 2019, and had a group photo with the former Deans in the
inauguration ceremony.
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The Department Assessment

The Department Assessment was held in our department from May 16th to 17th. We invited five scholars, including Professor
William K.M. Lau of University of Maryland (Commissioner), Professor Ngar-Cheung Lau of Chinese University of Hong
Kong, Professor Jin-Yi Yu of University of California Irvine, Professor Shang-Ping Xie of University of California San Diego,
and Professor Shu-Hua Chen of University of California Davis to serve on the assessment committee so as to better
understand our current research and teaching standards and its future outlook.

Over the course of two days, the Dean of the College of Science first welcomed the committee and emphasized the
importance of this evaluation for each department. This was followed by separate interviews with teachers, staff members,
post-doctorate researchers, and student representatives of each department from the bachelor’s and master’s programs
respectively. On the second day, the committee conducted another conference with the NTU’s Dean of Academics and

NTUAS’s faculty to further understand the department teaching and research plans.
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The Department Retreat
The Department Retreat was held on August 13, 2019. All teachers
participated in this retreat to continue the discussion on changes for
undergraduate courses and to further adjust the required courses such
that these courses are more relatable and more concrete for students.
Each teacher also provided a course in their expertise for the master's
program to enhance the effects of learning for students.
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Guidelines for Undergraduate Courses
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NTU Azalea Festival
Every year around March, National Taiwan University will hold the NTU

Azalea Festival for two days. This year’s festival was held from March 16th
to 17th, with activities including departmental exhibitions, student club
exhibitions, and performances that attracted high schoolers from all over
Taiwan to learn about each department of NTU as they decide on a direction
for their future studies.
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Commencement

NTU’s commencement ceremony took place on the morning of June 1, 2019,

along with the dean’s award ceremony. In the afternoon, a hooding ceremony
for the new graduates of NTUAS was held in the department, with family and
friends sharing in this joyous occasion. The students graduating from NTUAS
in 2019 include 30 Bachelors’, 11 Masters’, and 2 Doctorate

degree holders.
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Parents’ Day
Every year in September before school begins, NTU will hold a Parents’
Day for incoming students. The Atmospheric Sciences Department
welcomes parents to come to stay updated on departmental events, to
take a look at the classes and learning environment we provide, and also
to participate in some interactive activities.
FAAENEED BED o FPREALFED o R EHFRE T

TRRAF kR R RE  DRA RS

2019 Undergraduate In-house Summer Research and Oversea
Education Program -- Poster Presentation and Award

To promote undergraduate research in our department, the In-House Summer
Research has been initiated in the summer of 2019, with the participation of 20
junior and sophomore-year students, advised by 8 faculty members. In addition,
five undergraduate students obtained the opportunity of summer academic
exchange to at SUNY Albany, NCAR, and CSU through the overseas educational
program. These students share their experiences and summer research results at the
Department of Atmospheric Sciences on September 19, 2019.
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PIRE Program
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The 2019 PIRE annual conference was held on August 5 to 7 at the Sun Moon ’ L
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Lake Taiwan Beauty Hotel. Dr. Everette Joseph, the Chair of NCAR Mesa
Laboratory, led a team of 12 researchers, 10 postgraduates, and 6 undergraduate
students from the United States of America. About 30 people from Taiwan attended
this conference, including our department chair, Dr. Po-Hsiung Lin, and Professor
Jen-Ping Lin, along with teachers from institutions such as NCU, Academia Sinica,
NTNU, NCU, NCCU, and CWB, and postgraduate and undergraduate students.
This conference focuses on research advancements on topics such as extreme
weathers, regional weathers, ensemble forecast, promote further collaborations
between Taiwan and America PIRE. 2019 PIRE # & ¢ 2 ©8" 5p 21 7p ** p !
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CoS Travel Grants and Scholarship
Under the reimbursement of CoS Travel Grants and Scholarship, our department

encourages students to attend international conferences. Master students Chong Yong
Li, Yi Hsuan Lin, and Tsz Ying Wu attended AOGS in Singapore. Through seminars

from different fields during the conference, students gain new knowledge and enhance

overseas academic exchanges. The topics of this conference included aerology, geology,
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hydrology, astrology, oceanography, biogeochemistry, and energy applications. —— = 5 L ,,
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2019 UAW Workshop

On August 21, Professor Chong-Hsin Sui and five other professors led a group of 12
researchers to Tokyo University to attend the 2019 University Allied Workshop on
Climate and Extreme Weather. The topics of the conference were mainly about seasons,
sub seasons, and extreme weather, where both parties released their research results.
Through discussions, they sorted out the crucial breakthroughs of their current

researches to become the focus of their future research and collaborations.
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NTU Anniversary Celebration Sports Day

The students from our department received a silver medal in
the team swimming competition of NTU Sports Day on

October 19, 2019. Also NTU held NTU Anniversary Sports
Day on November 23-24, students of NTUAS joined

the contest actively.
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2019 NTUAS Week

Students from our department set up a booth at Xiao-Fu square on
December 2-6, selling healthy and delicious homemade food and
drinks, and weather-related Storm Glass to promote the our
department to the others and enhance the communication between our

students.
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2019 Atmospheric Cup Table Tennis Friendship
Championship

The department students teamed up to attend 2019 Table Tennis
Friendship Championship at NTU Sports Center held by
Meteorological Society of Republic of China (December 29,
2019).
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Group photo of NTUAS contestants

NTUAS NEWSLETTER No. 12 Dec. 2019




2019 NTU-ZJU Seminar on Atmospheric Sciences
The NTU-ZJU Seminar on Atmospheric Sciences was held on May
6th, 2019, through May 7th, 2019. Professor Long Cao, Professor

Guo Qing Zai, Professor Xiao Fan Li, Professor Xiao Jing Jia,

Professor Pei Jun Zhu, Professor Wei Jun Li, Professor Dan Tong

Liu, Professor Dao Huang, and nine other scholars of ZJU

Atmospheric Science Department visited and conducted academic

exchange with professors from our department.
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Group Photo of NTU-ZJU Seminar on Atmospheric Sciences

The 8th International Conference on Fog-Fog Collection
and Dew

The department co-organized The 8th International Conference on Fog,
Fog Collection and Dew jointly with Normal University, Central
University, Donghua University, Pingtung University of Science and
Technology and Environmental Protection Society of Taiwan at NTU’s
Shih-Liang Chien Lecture Hall on July 14-19, 2019, with researchers
from 26 different countries and a total attendance of approximately 130

people.
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The topic of this conference was on issues about mist and dew,

including chemistry, physics, deposition/formation, and

interplay of surface and vegetation. An ice breaker was held at

the beginning of the conference on July 14th, followed by

lectures, poster presentations with one-minute explanations, and

poster displays on July 15th through 16th, and July 19th. On

July 17, the attendees of the conference visited the NTU

Experimental Xitou Forest Area to further understand the field

research area and the equipment used in the study.
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Group photo of the
8t International
Conference on Fog-
Fog Collection and
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This triennial international academic conference successfully gathered
experts of this field from all over the world to present their latest
findings related to vegetation and life cycle of mist and dew at

the atmospheric boundary layer, and it also provided an opportunity for
academic exchange on the collection of mist and dew. The guests praised
the conference for its schedule and location, thus, successfully allowing
Taiwan to have an opportunity to be recognized in the international
academic world.
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Group photo of 2019 Metrological Conference for
Cross-Strait Youngman

2019 Metrological Conference for Cross-Strait Youngman

Our department held the 2019 Metrological Conference for Cross-Strait
Youngman with the Meteorological Society of the Republic of China and
the Department of Atmospheric Sciences of National Central University on
November 25-26. About 50 teachers and students from institutions such as
Nanjing University of Information Science & Technology, University of
Science and Technology of China, Chengdu University of Information
Technology, Yunnan University, Sun Yat-sen University, Ocean University
of China, China University of Geosciences, Fudan University, Tsinghua
University, Northeast Agricultural University, Beijing Normal University,
and our department attended this conference. The opening host for the
conference was Dr. Pay-Liam Lin from NCU. Each person also conducted a
15-minute short speech during the conference, with topics including
atmosphere, weather, and climate change...etc, to promote a scholarly

exchange of atmospheric sciences between cross-strait Youngman.
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Dr. Tse-Chun Chen of University of Maryland
visited the department on January 28, 2019, and
delivered a seminar titled “How to improve
forecasts by identifying and deleting detrimental
observations?”.

Dr. Bo-Wen Shen of San Diego State University visited
the department on January 3, 2019, and delivered a
seminar titled “Butterfly effects and chaos: New
insights revealed by a generalized Lorenz model”.
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Kiangsu-Chekiang College from Hong Kong visited
the department on Feb. 22, 2019.




Dr. Frank Jui-Lin Li of UCLA, visited the department on March 12,
2019, and delivered a seminar titled “Potential faster Arctic sea
ice retreat triggered by falling ice greenhouse effect”.

Dr. Aaron Levine of University of Washington, visited the
department on March 12, 2019, and delivered a seminar
titled “Contributions of Westerly Wind Bursts, Easterly Wind
Bursts, and the Seasonal Cycle to the Unusual 2014-2016 El
Nino”.

Dr. Wei-Kuo Tao of NASA, visited the department on March 20,
2019, and delivered a seminar titled “GPM (CSH) Latent Heating (LH)
Algorithm and Its Retrieved LH Structures”.

Prof. Paul E. Roundy of University at Albany SUNY, visited the
department on March 18, 2019, and delivered a seminar titled
“Tropical-Extratropical Teleconnections”.
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Japan Weather Association visited the department and give a
recruitment briefing on March 21, 2019.

Dr. Fei Zheng of Institute of Atmospheric Physics Chinese
Academy of Sciences, visited the department on March 21,
2019, and delivered a seminar titled “Improved ensemble
mean forecasting of ENSO events by a zero mean stochastic
error model of an intermediate coupled model”.

Prof. Wei-Chyung Wang of University of New York at Albany, visited
the department on April 23, 2019, and delivered a seminar titled
“Aerosol-cloud interactions and climate variability over east China”.

Dr. Tsung-Han Li of University of Hawaii at Manoa, visited the
department on April 18, 2019, and delivered a seminar titled
“The role of boundary-layer dynamics in tropical cyclone
intensification”.
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Prof. Cao Long, Prof. Xiaojing Jia, and Researcher Weijun Li of
Zhejiang University, visited the department on May 7, 2019, and they
presented talks titled “Applications of the Earth’s System
Simulations”, “Influence of Autumn Tibet Plateau Snow Cover on
Winter Temperature over North America” and “Air-pollution aerosol
interactions produce more bioavailable iron for ocean ecosystems”.

Dr. Harinder Ahluwalia, Chair of IFMS, visited the department on
April 26, 2019, and delivered a seminar titled “Development of
weather enterprise in Canada: IES experience”.

Prof. Pao-Shin Chu of University of Hawaii-Manoa, visited the
department on May 28, 2019, and delivered a seminar titled
“Improving ENSO forecasts using Bayesian model averaging”.

Prof. Ying-Hwa Kuo of NCAR, visited the department on May
9, 2019, and delivered a seminar titled “Impact of GPS RO
Data on Topical Cyclogenesis”.
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Prof. Tieh-Yong Koh of Nanyang Technological University of Singapore,
visited the department on July 4, 2019, and delivered a seminar titled
“Multi-scale convection in the tropics: modelling and observations”.

Prof. Kristen Rasmussen of Colorado State University, visited the
department on June 5, 2019, and delivered a seminar titled
“Changes in Future Flash Flood-Producing Storms in the U.S.”

Prof. Feng Wei Feng of Chinese Academy of Sciences, visited
the department on August 19, 2019, and delivered a
seminar titled “Hydro-geodesy research progress”.

Dr. Jian Lu of Pacific Northwest National Laboratory, visited the
department on July 15, 2019, and delivered a seminar titled “On
the optimal forcing for mitigating global warming”.
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Dr. Jian-Hua Qian of Center of Climate Research Singapore, visited the
department on September 24, 2019, and delivered a seminar titled
“Mechanisms for the Vanguard Pattern of Rainfall Variability in the
Maritime Continent Associated with the Madden-Julian Oscillation”.

£

Dr. Ya-Chien Feng of Colorado State University, visited the
department on September 6, 2019, and delivered a seminar
titled “Meteorological applications of advanced radar refractivity

retrievals”.

Dr. Ya-Chien Feng of Colorado State University, visited the
department on September 6, 2019, and delivered a seminar titled
“Meteorological applications of advanced radar refractivity retrievals”.

Dr. Robert W. Lee of National Centre for Atmospheric Science, Reading, UK
and Dr. Chris Moseley of MPI, Germany visited the department on October
23 & November 5, 2019, and delivered seminars titled “ENSO modulation
of MJO teleconnections to the North Atlantic & Europe” & “Understanding
the dynamics of convective extreme precipitation events”.
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Dr. Malte F. Stuecker of IBS Center for Climate Physics, Pusan
National University, visited the department on November 26,
2019, and delivered a seminar titled “Regional climate change
from the tropics to the poles”.

-3 % -
Dr. Kuang Yu Chang of Lawrence Berkeley National Laboratory,
visited the department on November 12, 2019, and delivered a
seminar titled “Identifying, Quantifying and Predicting Ecosystem
Responses to Changing Environmental Conditions from Local to
Global Scales”

Dr. Kai Chih Tseng of Princeton University and PhD. Student from Mu
Hua Chien of Center for Atmosphere Ocean Science and Mathematics,
Courant Institute, New York University visited the department on
December 31, 2019. They presented talks “The Madden Julian
Oscillation and Tropical-Extratropical Teleconnections” and “Hurricane-
like vortices in the conditionally unstable moist convection”.

Dr. Takemasa Miyoshi of Data Assimilation Research Team, RIKEN
Center for Computational Science visited the department on
November 29, 2019, and delivered a seminar titled “Big Data
Assimilation: A New Science for Weather Prediction and Beyond”.
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Role of coastal convection to moisture buildup during the South China Sea summer monsoon onset
AR A AL EERREYT L F LR R ERY PR

Wei-Ting Chen*, Chien-Ming Wu, Wei-Ming Tsai, Peng-Jen Chen, and Po-Yen Chen
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Chen et al. (2019) combines the satellite-based convective system analysis and idealized cloud-resolving simulations to investigate the increase of
ocean moisture and the occurrence of propagating coastal organized convection during the sharp transition of the South China Sea (SCS) summer
monsoon onset. Using multi-year observations of TRMM 3B42 rainfall estimates, CloudSat vertical cloud mask, and reanalysis data sets, the
statistics of object-based precipitation systems of various horizontal scales, moisture budget, and basin-scale local circulation are derived. Before the
monsoon onset, an anomalous vertical circulation is developed over the SCS basin, with updrafts over land associated with the active diurnal
convection and anomalous subsidence over ocean suppressing the precipitation. When the low-level winds switch to westerlies after the onset, the
number of large (> 300 km), propagating convective systems increases over the Philippine coast, accompanied with the sharp moisture buildup over
ocean within 10 days. The moisture budget suggests that the local contribution from convective vertical mixing is the major moisture source during
the first pentad after the onset. To study the response of moisture buildup and convection organization to low-level wind shear, idealized simulations
with a setting of land and ocean similar to the scale of the SCS are carried out using the 3D cloud-resolving VVM developed in NTUAS. The
simulations capture the essential features of the observed evolution of moisture and convection. In the no-shear environment, a strong basin-scale
circulation is formed, which suppresses the ocean moisture development. When large-scale vertical wind shear is imposed to represent the changes of
large-scale circulation during the onset pentad, organized convection systems are increased over the coastal ocean and propagate toward the open

ocean, accompanied by fast ocean moistening within 5-10 days.
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Figure 1. (a) Spatial distribution of the occurrence frequency of large precipitating systems (horizontal scale > 300 km) identified from satellite during the 20-day period before (top) and after

(bottom) SCS monsoon onset. (b) Temporal evolution of observed large precipitating systems (top) and column-integrated moisture (bottom) over the SCS ocean during the +-20-day onset period

in the typical activation years. Gray lines: individual years; black line: composite mean. (c) Zonal-vertical cross section of cloud fraction (grey shading), vertical velocity (vectors), and water

vapor mixing ratio (contour) in the cloud-resolving simulations without (top) and with (bottom) low-level westerlies. (d) Simulated temporal evolution of column-integrated moisture over ocean

without (blue) and with (red) low-level westerlies.
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Tracking a Long-Lasting Outer Tropical Cyclone Rainband:
Origin and Convective Transformation
Cheng-Ku Yu, Che-Yu Lin, and Jhang-Shuo Luo
In addition to the eye and eyewall, tropical cyclone rainbands (TCRs) are the most striking and persistent feature of tropical cyclones (TCs). They are
conveniently classified into inner and outer rainbands based on the degree to which convection is influenced by the inner-core vortex circulation.
Theoretically, inner TCRs and outer TCRs have been traditionally considered as manifestations of vortex Rossby waves and inertia-gravity waves,
respectively. This point of view has been shaken recently. In particular, Yu et al. (2018) documents not only a frequent similarity between the outer TCRs
and squall lines (~58%) but also some variability in structural features of the observed outer TCRs. However, owing to the inherent limitation of
observations in both temporal and spatial coverage, investigations for nearly all of the previous studies are primarily confined to the mature stage of the
rainband’s lifetime so that little is learned about the initiation and/or evolving scenarios of the outer TCRs. The primary objective of this study is to use
Central Weather Bureau and Japan Meteorological Agency radar and surface observations to document a long-lasting outer TCR of Typhoon Jangmi (2008)
over a considerable period of time (~10 h) from its formative to mature stage.
Detailed analyses indicate that the TCR was initiated on the eastern side of the TC as it detached from the upwind segment of a stratiform rainband located
close to the inner-core boundary (Fig. 1). The outer rainband, as it propagated cyclonically outward, underwent a prominent convective transformation from
generally stratiform precipitation during the earlier period to highly organized, convective precipitation during its mature stage (Fig. 2). This observed
transformation was accompanied by a clear trend of surface kinematics and thermodynamics toward squall-line-like features. Furthermore, the observed
intensification of the rainband was not simply related to the spatial variation of the ambient CAPE or potential instability; instead, the dynamical interaction
between the pre-rainband vertical shear and cold pools, with progression toward increasingly optimal conditions over time. The increasing intensity of cold
pools was suggested to play an essential role in the convective transformation for the rainband. These important evolving aspects of surface and
precipitation characteristics for the TCR were summarized schematically in Fig. 3. The convective transformation, as documented in the present case, is
anticipated to be one of the fundamental processes determining the evolving and structural nature of outer TCRs.

Citation: Yu, C.- K.*, C.- Y. Lin, and J.- S. Luo, 2019: Tracking a long-lasting outer tropical cyclone rainband: Origin and convective transformation. J. Atmos. Sci., 76,
3267-3283, doi: 10.1175/JAS-D-19-0126.1.

Reference: Yu, C.- K.*, C.- Y. Lin, L.- W. Cheng, J.- S. Luo, C.- C. Wu, and Y. Chen, 2018: The degree of prevalence of similarity between outer tropical cyclone
rainbands and squall lines. Sci. Rep., 8, 8247, doi: 10.1038/s41598-018-26553-8.

NTUAS NEWSLETTER No. 12 Dec. 2019




2 Rk R F 2GR AZRE R ER
MRl G REA

B h & F —:I’Jr‘ P (eyewall)z *HBe b P PR B AR F hig iR ac iR E Y R oo
e h o F RBXIEE P PEARSOEEER > - KT RSP FRFE
Blad o a2t > PEREI LR ER5 P BPEA T SRR TN PR
Fokd (el v kB E 4 ) d o g - BRI RIS
£ B 78 7 Yuetal (2018)4p 41 %) 58% ¢t el & F & G Hesihfrit o 2k &
FLF SRR F R A o d SRR U] 5 A S deen
BT WA EF SRPEFALNT > N E A B FRER fFH D o AT
THEPLF R hE D AF FROTEEE G RRITHE > £HE T %R (2008)
Pk A G (910 pE) R R S S T S PR T A 4R o
SEBPAFFR > LA ER A L R PP RSER AR AT R ATA

gtk (BIL) o § & F RAEE P e PR e? > HERA G P &,@'mﬁ
B G PR R R AR E G B R BRI K (R2) o 2
FULHABROERY A Y AERFARS P 4Lvﬂ“a€ﬂmﬁﬁzo
peb o AL F IR A K FEOR R M A B RE T R AR TR
REM  FafBad ot b rEss A P T EY G EFR
FE R ensE g o BBV B AT R 2 04 e T fimend i3 % i (optimal condition) > @
AE AR TR R P R I MeETY - B3 B R

Booh R R E kG B KRB BT RIBAL o AFT Y YT H iru.rni%;uxﬁ%%s@ﬁz?
R RS Y R BRI BAAERE > BRI A KRR
g (B HRAT T - 3T B A o
Citation: Yu, C.- K.*, C.- Y. Lin, and J.- S. Luo, 2019: Tracking a long-lasting outer tropical
cyclone rainband: Origin and convective transformation. J. Atmos. Sci., 76, 3267-3283, doi:
10.1175/JAS-D-19-0126.1.
Reference: Yu, C.- K.*, C.- Y. Lin, L.- W. Cheng, J.- S. Luo, C.- C. Wu, and Y. Chen, 2018:
The degree of prevalence of similarity between outer tropical cyclone rainbands and squall
lines. Sci. Rep., 8, 8247, doi: 10.1038/541598-018-26553-8.

100 20 300 400 500
X (km)

Fig. 1. Hourly low-level reflectivity composite (dBZ) associated with Typhoon
Jangmi during the study period from 2100 UTC 27 Sep to 0600 UTC 28 Sep.
The thick arrows highlight the location of the studied TCR. The inset box (40 x
80 km?) indicates the location for calculating the mean vertical cross sections
shown in Fig. 2. During the initiation of the TCR, it detached from an upwind
segment of a stratiform rainband that is marked by SR in (a).
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Fig. 2. Mean vertical cross sections of reflectivity (dBZ; color shading)
calculated along inset boxes in Fig. 1 at times corresponding to each of the
analysis periods in Fig. 1.
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Fig. 3. Schematic diagram illustrating the evolving aspects of precipitation and
surface characteristics of the studied TCR from its formative to mature stage (~10 h).
Color shading indicates conceptual precipitation features of the rainband documented
over different time periods of observations t0-t4, and gray shading indicates the
spatial variation of environmental CAPE associated with the typhoon circulation,
with darker shading denoting larger CAPE values. The dashed circle denotes the
inner-core boundary of the typhoon, and the thick arrow indicates the TC motion. A
qualitative depiction of surface temperature and wind fluctuations associated with the
TCR during its early and mature stages is shown in the upper right.
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