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AR, BEHEKE (TC) 13BN 2 EZ 72 63K E & LTRSS B LA TE Y,
TC DR EMEDTRITWE 2B T DR BEBERERTHS. L1 L, TC OEIECEILERE
DEHR AT LV CIEMICRITE T, TC OTRPNNIZEGINL FET H. —F THFE, TC D%
IECHREE ~OBLE B EEE & ORRMEER S, TC & plkEE O BELR 2 i~ 7= mF 23153 L L T
% [Kodera et al., 2015;Noguchi et al., 2020; Takemi and Yamasaki, 2020]. Z 15 O SeATHFZEIE, RkfEE O
TC IZxfT 2B LZ R L TWDH, EEHE (UT: Upper tropopause) X FEFAEE (LS: Lower
Stratosphere) 7% TC (252 2 E &R BESLZOFEMR A N = A LIRFEWF LN E 725 TR,
Z ZCARMFZETIE, UT X° LS O350 TC \ZH5 2 2B L ZD A =X L%, ZIRTTHiRFRR
KUFLERE A7 /L [Rotunno and Emanuel, 1987; Tto et al., 2010] ZH W Ci& L7=. ZDOF5%E, UT/LS
DRz T 5 &R REUE RS 20, POKEMMELS 25 2 L3gyhoitz. £72, UT/LS O %
FAL ST EREORKBEGEZ G LT & 25, KK 20% ORGEZ(LA5A L TH Y, MPI
(Maximum Potential Intensity; Bister and Emanuel., 1978) TP E S5 2L (K 5%) LV HRKX7
JRORZAL NI LT Z EGyinoTe. ZRHDJRAE LT, Ml & LTEH X7 UT/LS OXIRZL
{RAZIN % T, UT/LS DZEKILHE FREFIZ L > T TC PLICAYIATZ & T, TC FEOKRKLE
ERZAEL, TC OREBRISEEEZ G TV LR ENT.
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Numerical Experiments on the Effects of Radiation on the Evolution of Tropical Cyclone
OMenggeng Xu, Tetsuya Takemi

Disaster Prevention Research Institute, Kyoto University

A tropical cyclone is a powerful, rotating storm that originates in warm tropical oceans and creates strong
winds and heavy rain, which is usually a natural disaster to human’s lives and property. Some observational
studies of tropical cyclones have found that oscillations of the cloud canopy areal extent often occur that are
likely related to the diurnal cycle of solar radiation. Recent cloud-resolving numerical modeling results suggest
that radiative forcing may affect the genesis, intensification, structure and track of tropical cyclone. However,
presently, there is no consensus in the literature on the impacts of radiation on tropical cyclone. This work
examines the impacts of the varying radiative forcing on the evolutions of two typhoon cases, Lionrock (2016)
and Hagibis (2019), with the Weather Research and Forecasting (WRF) Model ver. 4.1. Hagibis is a rapidly
intensified and quickly moving tropical cyclone, while Lionrock is a slowly developing and moving one. The
results of the simulations show that stronger longwave cooling can cause stronger convection, and also lead to
the trend of increasing central pressure; and stronger shortwave heating can decrease convection, and the
shortwave heating in the eye can decrease the central pressure. The differential longwave cooling between
cloudy and clear sky can increase low-level inflow, and hence increase water vapor within the cloud system. If
the initial state is dry, the lack of the replenished moisture by differential longwave cooling can lead to
considerably latent cooling which suppresses the intensification process. The initial state of Lionrock case is
dry, so the differential longwave cooling mechanism is apparent, whereas there is sufficient moisture for Hagibis

case in initial state, making the differential longwave cooling mechanism insignificant.
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Characteristics and Causes Analysis of Abnormal Summer Monsoon and Meiyu (Baiu) in 2020
OLing Tong - Tetsuya Takemi

Kyoto University

Meiyu is the most important process in the rainy season in eastern China. The abnormality of the Meiyu will
bring severe droughts and floods to the middle and lower reaches of the Yangtze River. The precipitation during
the Meiyu period was uneven in time and space with more than double of normal Meiyu precipitation, which
was ranked the second place after 1954 since 1951. Furthermore, the daily average precipitation was also
stronger. The Meiyu onset (outset) date over regions to the south of Yangtze river, over the Yangtze River basin
and Yangtze-Huaihe basin were 7(3), 5(18), 11(18) days earlier(later) than normal, respectively. The Meiyu in
the Yangtze River basin was the strongest with the amount of 753.9mm. Based on the ERA-5 reanalysis dataset
of European Centre for Medium-Range Weather Forecasts (ECMWF) and CMORPH precipitation data, the
characteristics of abnormal Meiyu and associated large scale circulation during the Meiyu period of 2020 in
China are analyzed showing that the combined effect of the winter and summer seasonal adjustments and the
significant advancement of the transition of the upper, middle, and lower tropospheric circulation systems has
led to an early onset of Meiyu to the south of the Yangtze River in 2020. The East Asian subtropical westerly
jet and the first northward jump of the Western Pacific Subtropical High(WPSH) are important signals to the
onset of Meiyu. The anomalous westward and southward movements of WPSH and the anomalous anticyclone
observed in northeast China, which exerted a main effect on transportation of cold air and the abundant water
vapor to the Meiyu regions, resulting in an abnormally high amount of precipitation. The stable maintenance of
WPSH has a good relationship with the abnormal precititation during July. The decay of the El Nifio event in
the previous winter and the persistent warming of the Indian Ocean in spring and summer was also a main

reason that caused the WPSH to be extremely strong during the Meiyu period in 2020.
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Prediction SKkill of the Boreal Summer Intra-Seasonal Oscillation in NICAM
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We assessed the prediction skill of the Boreal Summer Intra-Seasonal Oscillation (BSISO) mode of one-
month simulations using a global non-hydrostatic atmospheric model (NICAM) with explicit cloud
microphysics and in a grid spacing of 14 km. The simulations were run as a series of hindcast experiments
everyday of August during 2000-2014; a total of 465 simulations were run with a 1350-day integration. Based
on forecast skill scores for statistical measurements, it was found that the model showed an overall BSISO
prediction skill of approximately 24 days. The prediction skill tended to be slightly higher (~ 2 days) when
BSISO events began in the initial phases of 7 to 1, which corresponded to the re-initiation phase of the BSISO,
where a major convective center over the Philippine Sea decayed and a new convective envelope began
aggregating over the western Indian Ocean. The phase speed and the evolution of the amplitude of the BSISO
were well simulated by the model with a clear northwestward-southeastward tilted outgoing longwave radiation
(OLR) structure over the Maritime continent and the western Pacific. However, the propagation speed was
slower during phases 6—7, and the amplitude of the BSISO largely decayed during phases 8—1, which was likely
to have been associated with the stagnant behavior of the convective cells over the Philippines. This stagnation
of the propagation over the Philippines may be largely attributed to the smaller background southerlies bias in
the model over the Philippines based on regression coefficient analysis using the moist static energy. The bias
in the large-scale circulation was likely to have been associated with the bias in the moisture field and the
associated background monsoonal circulation. We concluded that the model physics controlling the background

fields are important factors for improving the BSISO prediction skill.
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Tuning NICAM for the reproducibility of the Madden-Julian Oscillation
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LERIEDO NG A — AR ELEDDH ZENRE L 2D, FERICERGEET T r Y27 b
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Lightning bursts observed during the tropical cyclone genesis
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A MR8 LTV D, 2020 4RICHAE LTGRO 5 BIAERHCETEEN S QIS 2 8i% %
B <L, HA—Z N EREORRA Lz, 2020 FHJE 9 5T, REMNFEE L2 8 A 28 HICHE
JE OELERED R IRAFE AW P TR & 72 oz, 8= A MEIARALA B F4E 100—200 knff it
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(3 8 1 28 H 03:30-05:30Z (2 L THEINL, KGUTI3 06Z 12 HEIEAEAHE Lz, 2020 FI27
U BT LI BEOR N CRARMBICENN—Z 2B LT, BEEAEROMBILEDIE
B LT, FEOMMD B L T E T,

The accuracy of tropical cyclone (TC) track forecast has been improved year by years, on the other
hand, the forecast of tropical cyclone intensity still has a difficulty of improvement. Recently the
relationship between lightning activity and tropical cyclone intensity has been investigated. Lightning
tends to increase during the rapid intensification of the TC. Therefore, monitoring the lightning activity
becomes important for a TC intensity forecast. Lightning observation network are deployed over the
western north Pacific by five very long frequency events trigger measurements called V-POTEKA at
Palau, Guam, Manila Philippines, Okinawa Japan and Serpong Indonesia under the ULAT
(Understanding Lightning and Thunderstorm) of SATREPS (Science and Technology Research
Partnership for Sustainable Development) in the Philippines.

Lightning activity was drastically increased around the TC during the TC genesis stage of tropical
storm Maysak on 28 August 2020. Numbers of lightning reached the maximum during the life cycle
of the TC. Location of lightnings were concentrated near the center of TC in about 100 to 200 km
radius. Convective clouds reached less than 190K of blackbody temperature near the center of the TC.
We called this phenomenon as “lightning burst”. It seems that lightning burst is associated with the
convective burst which tends to occur during the TC genesis stage. About half of TCs observed
lightning bursts during the TC genesis stage over the Philippine Sea in 2020. We will investigate further
what kind of structure occurred during the lightning burst and what kind of mechanism responsible for

the lightning burst.
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FERBHSBTHLIFE R LIz, TZTiE, 7YV7—7 7V WIICTHEZ LT, IO O K
Je O DS OIFER DEAIZ T 2 IEE IR DR D F 52U T JRA-55 OFENTT — % W Cill
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{LIZHE R § 2 < BB R 8 ORE OSRE AR O N E 2 bid, Za— b - A= OEEH
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LA FLAE B CRANICHI SN DA, Z OFE ISR « & EEHEPHIC /L 5 D RErE) &R
W2 X AU B VT ZE HRIE 72 BV W 1) O B O 15 7 AL BB 1 IR IR T H 0, KIBERET /L TR0
IEREICHBCE /22 &8 CDC L3l LT 5. CDC 25 LBl 2 6 BE#iPH X 8 D3 E 5 vl
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R MJO EH] RS CHIIR L2, BLELL RIZEF & Plumb €7 /L CIE_HEEMN BN, BLE D &
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X720 (REOHE 4 FFH(QQO): EITARE &5 Z L2/ 5). CDC X FifEsR « KGR
(coldtrap) & EE) L, WA DIED e EOREAEC NFTESE) (heatisland) 72 & CTHIRIENZED Y
BFHDT, Zitbb QBO OEHAZZT ST L MR & 5.
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The edge intensification of ITCZ convection
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Tropical precipitation in the climatological map is most intense at the heart of ITCZ, but this is not always
true in instantaneous snapshots. Precipitation is amplified along the ITCZ edge, rather than at its center, from
time to time. An edge intensification of convection is known for idealized RCE simulations (Windmiller and
Hohenegger, JAMES, 2019). Mapes et al. (GRL, 2018) revealed a sinuous tropical margin sharply separating
the moist and dry air masses, which implies dynamic processes resembling the convection intensification at the
ITCZ boundaries. Despite the growing body of evidence, the physical mechanism behind the edge
intensification has yet to be clarified.

In this study, a variety of satellite observations of CWV and precipitation (AMSR-E) and radiation (CERES)
as well as the thermodynamic field from the ERAS dataset are analyzed to investigate the behavior of moist
convection in light of the local atmospheric energy imbalance. The present work is focused principally on the
eastern Pacific ITCZ, defined as a section with CWVs higher than 50 mm along A-Train satellite downtracks
over the region of 180°-90°W and 20°S-20°N. The events with convective intensification near the ITCZ edge
are averaged into composite statistics and are contrasted against the control cases with intensification around
the ITCZ center. The key findings are as follows. When convection peaks at the ITCZ center, suppressed
radiative cooling brings about a prominent positive peak in the diabatic heating to the atmosphere, counteracted
by an export of moist static energy (MSE) owing to a deep vertical advection and a striking horizontal advection
of MSE. When convection peaks at the ITCZ edges, on the contrary, a positive peak of the diabatic heating is
present but weak. This disadvantage is compensated by a net import of MSE enabled by a shallow ascent on the

ITCZ edges, which presumably allows an edge intensification to occur despite the weak diabatic forcing.
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The Different Pathways to self-aggregation between SCALE and VVM

OChing-Shu Hung' * Hiroaki Miura' + Jin-De Huang® * Chien-Ming Wu?
1. Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo

2. Department of Atmospheric Sciences, National Taiwan University

In this study, self-aggregation simulations following Wing et al. (2018) are conducted focusing on the
development toward self-aggregation by two cloud-resolving models (SCALE and VVM). Even though the two
models reach self-aggregation state after 40 days of simulations, the pathways toward aggregation are very
different given the same sea surface temperature. The dry area expansion through radiative cooling is evident
in SCALE which effectively shrinks the moist region, while VVM takes a different route through the convection
development in the moist region. The subsidence induced by the convection organization further enhances the
expansion of the dry region leading to the self-aggregation. The PW-sorted stream function and isentropic
analyses show that the aggregation in SCALE is through the development of strong shallow circulation, while
it is through the subsidence warming from aloft in VVM. The time evolution of convective core clouds

distribution can be a precursor of the different pathway.
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Projection of high clouds and its link to ice hydrometeors: An approach by using long-term

global cloud-system resolving simulations
OYing-Wen Chen'! + Masaki Satoh!? + Chihiro Kodama? + Akira T. Noda? * Yohei Yamada®
g

1. Atmosphere and Ocean Research Institute, The University of Tokyo

2. Japan Agency for Marine-Earth Science and Technology

This study reveals projection of high clouds related to SST change using a 20-year simulation data set
conducted by a global cloud-system resolving model (NICAM) with horizontal resolution at 14-km. This study
especially focuses on 1) the cloud fraction field responses to the SST pattern spatial structure, both in horizontal
and vertical sections, and 2) their link to the ice hydrometeors (cloud ice, snow and graupel), which cannot be
resolved by conventional GCMs. Results showed that the simulated tropical high cloud variation against to the
SST variation has qualitatively similar behaviors with the observed one. The simulated high cloud behavior is
mainly related to that of the cloud ice because of the layered structure of each ice hydrometeor. Under the
warming climate, the relation between the tropical high cloud and SST shows a similar behavior with 1.5 times
of the amplitude of that under the present climate, and this amplification of cloud fraction contributes an increase
in the high cloud increase under the warming climate. We furthermore revealed the increase in the high clouds
coverage in the tropics under the warming condition is directly linked to the wider spread of cloud ice in the
eastern Pacific region. This study specifically reveals the pattern similarity between the global-warming
responses of the high cloud fraction and the cloud ice, indicating that an appropriated treatment of cloud ice in

global climate model is a key to simulating high clouds and their response to global warming,.
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Representation of diurnal cycle of summer monsoon precipitation in the convection-permitting
climate model and its sensitivity to the current generation cumulus parameterizations
Rakesh Teja Konduru * Hiroshi G. Takahashil

Department of Geography, Tokyo Metropolitan University, Tokyo

For the Asian summer monsoon, diurnal cycle of convection is an essential trigger that develops and organizes
precipitation systems and contributes to the spatial and temporal distribution of monsoonal precipitation.
Current research has investigated some essential research areas concerning convection representation, the role
of model horizontal resolution, cumulus parameterizations, and explicit convection on the diurnal precipitation
characteristics of the Indian summer monsoon.

Our investigation revealed that all current generation cumulus parameterizations (CPs), irrespective of their
formulation, simulated noon, or afternoon peak precipitation phase-locked to the diurnal timing of maximum
solar insolation over the Indian landmass; this is 3—6 h earlier than the observations. This misrepresentation may
be due to the constant nature of the convective adjustment time scale. Also, we found marginal improvements
in the diurnal precipitation amplitude and phase with the introduction of scale adaptive dynamic convective
adjustment time scale in the MSKF, but several aspects of the diurnal precipitation characteristics were
improperly simulated by the MSKF. As such, a better means to simulate the diurnal cycle in climate models is
required.

Further, we found realistic representation of Indian summer monsoon diurnal precipitation in a convection-
permitting climate simulation. This simulation accurately reproduced the diurnal phase and amplitude of
precipitation and its characteristics compared to the observations. This improvement in the diurnal cycle is due
to the explicit representation of the convective adjustment time scales. In explicit convection simulations we
found diurnal precipitation cycle spatial distribution dependance on the model horizontal resolution. These
findings are useful to better understand typical diurnal precipitation characteristics biases among the climate

models that utilized CPs and explicit convection.

Keywords: Indian summer monsoon, convection, convection-permitting model, precipitation, diurnal

cycle, and regional climate model.
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