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Fstlmatlon of uncertainty in thermal environmental projection around Nagoya metropoli-
an area
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Urban canopy process is essential to investigate thermal environment in the near future, because surface air temperature (S/
increase due to urban heat island is comparable to the one due to the global warming in the near future over major metropolite
areas in Japan. During the past 100 years, annual mean surface air temperature (SAT) increaset abduagoya, while
the world mean SAT increased only 0.&6 The difference in the SAT is mostly caused by the effect of the urban heat island
(UHI). This study investigates the uncertainty in the near future thermal environmental projection of Nagoya metropolitan area
which is third largest metropolitan area in Japan. The present climate simulation is conducted using a high-resolution numerice
climate model, the Weather Research and Forecasting (WRF) model, including an urban canopy sub-model. A future climat
run is conducted using the pseudo-global-warming method, assuming the boundary conditions in the 2050s estimated by CMIF
GCMs under the RCP scenarios.
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Development of Urban Meteorological LES Model for thermal environment at city scale
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Development of computational method for micrometeorological field using SGS model
based on turbulence structures
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District scale thermal environment simulations and observations
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The understanding of these air-thermal and wind conditions in the streets of the well-matured district gets more important
because the conditions get worse especially in summer. The reasons for the uncomfortable wind are the complex shape of t
building in the districts. The others in the thermal conditions are mainly by the heat-island effects and the global warming
in climate change. Indeed, the average temperature in Yokohama-City increases more than that of the global warming. Th
temperature increase, for example, tends to increase the frequency of a thermal attack to people in the street. The local governm
officers now try to improve the environment to reduce / decline some kinds of the thermal attacks, then, they demand the
information about these thermal and wind conditions.

Here we have performed detailed numerical simulations and observations in order to understand these thermal and win
condition in the streets. The site is Minato-Mirai 21 district (MM21) in Yokohama bay area. The resolutions are 5 meter in
space, below 1 second in time. The heat emissions from these air-conditioners, factories, plants, cars, and so on. The land L
conditions are also spatially resolved in the calculations. The results are compared with observation results to understand wh
kinds of the physical processes work there. The pseudo-particle analysis is also performed, then it is frequently observed that tt
cool air parcels are penetrated into the center of MM21.

These results could bring very useful information to both the local government officers and the stakeholders to improve anc
design the street environments.
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Multiscale factors causing climatological high temperature in Tajimi, the "hottest city’ in

Japan
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Lidar development for hyper-dense remote observation of urban atmosphere
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Geographical distribution of outgoing thermal radiation intensity in downtown Tokyo on

hot days and mitigation measures
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Annual mean air temperatures in downtown Tokyo have increased about 3 degrees Celsius in the past 100 years due to glok
warming and urban heat island (UHI) (Japan Meteorological Agency, 2014). Also, the frequency of heat stroke outbreaks tend
to increase. These promote implementation of measures for summer heat in Tokyo. We have investigated the impacts of UF
mitigation and adaptation strategies such as making highly reflective pavements, creating green and water spaces, etc.

As part of the investigations, we analyzed data from thermal infrared (TIR) remote sensing in downtown Tokyo on four
different extremely hot days: Aug. 7, 2007, Aug. 10, 2007, Aug. 19, 2013, and Aug. 19, 2014. The TIR measurements were
carried out in the daytime (12-13 local time: LT) and the nighttime (around 21 LT) (except for Aug. 10, 2007) under similar
weather conditions, using a long-wave infrared (8-14 um wavelength) camera (NEC Avio; TS7302) installed on a helicopter. The
helicopter was flying at Flight Level 20 (2,000 ft, i.e., 610 m). The lower flight level allows horizontal spatial resolution of data
from the thermal imaging camera to be significantly high (approximately 2 m) in spite of airborne TIR measurements. Although
sea breezes prevailed over downtown Tokyo, daily maximum air temperatures on those days reached around 34 degrees Celsi

Areas for the airborne measurements on Aug. 19, 2013 and Aug. 7, 2007 include "Ochanomizu”, "Marunouchi”, "Otemachi”,
and "Ginza”. To verify impacts of recent UHI mitigation and adaptation strategies in those cities, we analyzed changes in
the surface infrared radiation intensities (outgoing longwave thermal radiation intensities) between 2007 and 2013. Surfac
infrared radiation intensity is one of the important factors that strongly affect sensible temperatures. Compared with other factor
affecting sensible temperatures, surface infrared radiation can be easily controlled by UHI mitigation and adaptation strategie
for lowering surface temperatures without the negative influences on other places, i.e., no trade-off relationship between chang
in the radiation intensities (surface temperatures) at a specific place and another place.

The results show that daytime surface infrared radiation intensities in 2013 are relatively high in the greater part of the area
compared with the ones in 2007, owing to extremely hot weather conditions in 2013, nevertheless, lower intensities of surfact
infrared radiation can be recognized in some redevelopment areas where several new buildings were constructed between 2(
and 2013. This appears to be due to green and water spaces created in the redevelopment areas through the UHI mitigation
adaptation strategies. Incidentally, surface infrared radiation intensity changes between 2007 and 2014 in the "Shinjuku” city
and the neighboring areas will also be analyzed.

By using the TIR remote sensing data, we picked out hot spots where mitigation and adaptation strategies for lowering surfac
temperatures should be required. For instance, the daytime TIR images superimposed on GIS (geographic information syster
applications showed higher infrared radiation intensities (higher temperatures) on surfaces of intersections and the northern pal
of streets running from east to west. To clarify the causes of those hot spots, we investigate relationships among surface infrare
radiation intensities (surface temperatures), sky view factors, etc. Also, we analyze thermal environment around venues of th
2020 Summer Olympic and Paralympic Games.

Acknowledgements: We are grateful to Ms. Masami Hori, Bureau of Environment of Tokyo Metropolitan Government. She
provided us with helpful data as to the UHI mitigation and adaptation strategies.

Keywords: urban heat island, downtown Tokyo, surface infrared radiation intensity, mitigation and adaptation strategies, airborn
remote sensing, GIS applications
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The horizontal distance of each cumulus and broadening distance of stratiform cloud:
determines shallow cloud cover
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Shallow cloud cover below sharp inversion is determined by the relationship between two scales. One is the horizontal distanc
of each cumulus and the other is the horizontal broadening distance of the stratiform clouds at the top of the boundary layer. W
indicated it through the numerical experiments of a transition from cumulus under stratocumulus to the shallow cumulus off the
west coast of California. The experiments were conducted with an extremely wide domain (i.e. 30@&#km) using a large
eddy simulation model with fine grid resolution (i.e. dx = dy = 50m, dz = 5m). The results show that cloud cover is high with
large broadening distance of the stratiform clouds and a short distance between each cumulus. In contrast, low cloud cover occt
when the broadening distance is smaller than the distance of each cumulus. The contrast of the two distances is generated by
difference in aerosol the amount and the strength of surface heat flux. The small broadening distance of the stratiform cloud
occurs when the surface heat flux (the aerosol amount) is strong (small), and vice versa. The effects of the surface heat flux a
larger than that of aerosol amount.

The relationship between two distances can be applied for estimating the cloud cover below the sharp inversion. Hence, it i
of help for improving the better expression of shallow clouds in global scale model.

FoU—R 5=V Fy— - vIal—va v, AHE BE EHEER
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Analysis of particulate Bragg scattering due to turbulent clustering in cumuli based on
direct numerical simulations
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Radar observation is one of powerful tools to obtain data regarding the cloud physics. The radar observation data are analyz
based on the relation between the radar reflectivity factor and the cloud physical properties. In most cases, the relation derive
assuming homogeneity and randomness of particle distributions is used. However, spatial correlations of cloud droplets caus
particulate Bragg scattering, which increases the reflected microwave intensity in radar observations. The particulate Brag
scattering is assumed to be insignificant in clouds for a long time. However, the particulate Bragg scattering can be significan
due to cloud turbulence. One of the turbulence effects in clouds is turbulent droplet clustering: cloud turbulence generates mi
croscale clusters of cloud droplets due to centrifugal effects. The authors’ group performed a three-dimensional direct numerice
simulation (DNS) of particle-laden isotropic turbulence and revealed that the influence of turbulent clustering can be a caus
of significant error in radar observation of clouds (Matsuda et al., J. Atmos. Sci., 2014). The DNS was performed under the
conditions with monodispersed droplets: all droplets in a domain have the same size. This study aims to investigate the influenc
of turbulent clustering on the radar reflectivity factor for the case of polydispersed cloud droplets; i.e., droplet size distribution in
cumulus clouds are considered in the DNS. In the DNS, an isotropic turbulence is generated by solving the Navier-Stokes equi
tion without any turbulence model and a large number of droplet motions are tracked by the Lagrangian method. The clustering
data are used to calculate the intensity of scattering microwave considering particulate Bragg scattering. The radar reflectivit
factor is calculated from the scattering intensity. We will show the results of the radar reflectivity factor analysis comparing with
the factor based on the turbulent clustering data for monodispersed droplets, and discuss the influence of turbulent clustering «
radar cloud observations.

FU—REESEY I 2 L—2a VBRI T AR VT, L— R T
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Development of the C-band radar system with the good temporal and spatial resolutions
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Numerical Simulation on Development Process of a Cb in the Early Developing Stage
observed by Ka-band and X-band radars
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Millimeter-wavelength radar is a useful tool for observing the initiation and early developing stage (DS) of cumulonimbi
because it has higher sensitivity and higher spatial resolution than those of conventional weather radars (S-, C-, and X-bar
radars; centimeter-wavelength radars). The National Research Institute for Earth Science and Disaster Prevention (NIED) «
Japan has a Ka-band Doppler radar (KaDR) with mobile capability (Iwanami et al., 2001) and performed intensive observatior
of cumulonimbi with the KaDR and an X-band polarimetric Doppler radar (MP-X) in the western Kanto region, Japan during the
summer of 2011-2013. Sakurai et al. (2012) successfully observed a cloud from initiation to the DS using the KaDR and from the
DS to the dissipation stage using the MP-X on 18 August 2011, and revealed that the echo top height which developed stepwic
corresponded to the height of three stable layers in the atmosphere. It is considered that the following convective activity brok
through the stable layers in the DS, and echo top height finally reached 12 km ASL.

To clarify the development mechanism of the cumulonimbi, we performed numerical simulations using a CReSS, which is a
3D non- hydrostatic model developed by the Hydrospheric Atmospheric Research Center (HyARC) of Nagoya University, Japar
(Tsuboki and Sakakibara, 2002). We used sounding data at Tateno at 09 JST (JST = UTC + 9 hr) on 18 August 2011 for th
initial and lateral boundary conditions. we ran an experiment that positive perturbation (about 2 K) was added intermittently with
an interval of 15 minutes as a buoyancy forcing at a height of 500 m around initiation region of the convection observed by the
KaDR. The numerical simulation successfully reproduced the stepwise development of the cumulonimbus. In the beginning o
the DS, convection was shallow for about an hour and the convection developed gradually. The development of the convectio
was suppressed around stable layers. The latter convection developed deeper than the former one, which was also consist
with observational result. From the investigation on temporal variation of RH profiles in the numerical simulation, preceding
convection could not break through the low-level stable layers, however it moistened the lower troposphere. It is considerec
that the following convection could break through the stable layers because it could possess positive buoyancy enough to bre:
through the stable layers due to low entrainment rate in the moistened lower troposphere.
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Keywords: Cumulonimbus(Cb), Numerical Simulation, Ka-band radar
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A novel measurement system for thermodynamic envwonment by using radio astronom:
technology
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Microwave Radiometer Network (Micro-NET) in Kanto region for high-temporal moni-

toring of vapor
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Doppler radar and lidar analysis for 13 June 2014 Fuchu City hailstorm using a 3DVAR
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INational Research Institute for Earth Science and Disaster Prevention
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30-second-update ensemble Kalman filter experiments using JMA-NHM at a 100-m res

olution
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IMeteorological Research InstitutéUniversity of Buenos Aires?RIKEN Advanced Institute for Computational Science,
40saka University?National Institute of Information and Communications Technol6jeteorological Satellite Center

Local severe rainstorms may cause serious damage such as flooding and landslide, but its precise simulation is difficult mainl
due to limited spatial and temporal resolutions of numerical weather prediction (NWP). To tackle this challenge, a 100-m-
resolution NWP system is designed, so that the forecasts are updated every 30 seconds by assimilating observational data fr
the phased array weather radars (PAWR) at Osaka and Kobe. In addition, the next-generation geostationary satellite Himawari
will have a 30-second scanning mode for a limited domain, and using the Himawari-8 data is within the scope. An observatior
operator and quality control algorithm are developed for PAWR, and data assimilation experiments using the Local Ensembile
Transform Kalman Filter (LETKF) are performed for the local heavy rainfall case that caused a disaster in Kyoto on 13 July
2013. In this presentation, a brief introduction to the experiments and the results will be presented.

Keywords: data assimilation, ensemble Kalman filter, phased array weather radar
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Numerical Simulation of Heavy Snowfall and the Potential Role of Ice Nuclei in Cloud
Formation and Precipitation

SR JRER A B IERE T PSR EEE R Al !
ARAKI, Kentaro'* ; MURAKAMI, Masataka ; TAJIRI, Takuya ; SAITO, Atsusht ; SHOJI, Yoshinori

LRGSR GRS
I'Meteorological Research Institute, JMA

A heavy snowfall event occurred in the Kanto and Koshin regions from 14 to 15 February 2014, when a winter extratropical
cyclone rapidly developed along the south coast of Japan. The snow cover exceeded the histrical record in these regions. In orc
to examine the characteristics of cloud microphysics during the event, we performed a numerical simulation with a horizontal
grid spacing 1.5 km and a model domain covering the Kanto and Koshin regions by the JMA Non Hydrostatic Model (JMA-
NHM) with bulk-type cloud microphysics. The initial and boundary conditions were provided from 3-hourly JMA mesoscale
analyses. The precipitating clouds and atmospheric conditions were simulated for 33 hours from 03 Japan Standard Time (JS
on 14 February 2014.

From the result of high-dense snow cover observations, the total snowfall exceeded 1 m in the areas along the mountains in tl
Yanamashi, Gunma, and Tochigi prefectures during the event. The numerical simulation successfully reproduced the distributio
of total snowfall. By comparing the result of the simulation with the surface observations of automatic weather stations in Tokyo
metropolitan, temporal variations of simulated surface atmospheric temperature and relative humidity were consistent. In orde
to evaluate the reproducibility of cloud microphysics in simulated precipitating clouds, the ground-based microwave radiometel
(MWR) operated in the Ome city in Tokyo metropolitan was used in this study. Liquid water path (LWP), which is retrieved from
radiometric observations by a statistic inversion method, is compared with simulated LWP during the event. The data including
errors due to rain was excluded from the comparison, so that there is large difference between precipitable water vapor (PWV
retrieved by radiometric observations and PWV derived from the global positioning system. As the result, temporal variation of
simulated LWP was similar to that of retrieved LWP.

Clouds composed of cloud ice were simulated at the altitude 8-12 and 2-4 km above the Ome city, and the latter cloud wa
formed on the boundary of a coastal front. Mixing ratio of snow was large below the altitude of 6 km, and humber concentration
of snow was large at the altitude of 4-10 and 1-3 km. In this case, there were two layers of ice clouds and the heavy snowfal
would be increased due to the seeder-feeder effect. Total precipitation by graupel reached 30 mm in some parts of the Kan
region, which was formed by riming process during the passage of the extratropical cyclone in the Kanto plain, where sufficien
water vapor flux and super-cooled cloud water existed in low-level troposphere.

In order to investigate the effect of ice nuclei on snowfall, sensitivity experiments were performed by changing coefficients of
0.1 (INO1) and 10 (IN10) times in the formulas of ice nucleation (Meyers 1992) and freezing (Bigg 1955) in JMA-NHM. As the
result, there were differences of total precipitation by snow of -5 mm in INO1 and +2-+5 mm in IN10 from the control experiment
in the areas with large amount of total snowfall. This difference would be caused by the change of snow due to the change c
ice number concentration where there was sufficient water vapor flux below the altitude about 5 km. The total precipitation by
rain increased more than 15 mm in INO1, and also decreased less than 20 mm in IN10 in the Kanto plain. On the other hanc
total precipitation by graupel decreased about 5 mm in INO1 and increased over 10 mm in IN10 in the areas including the Tokyc
metropolitan and Saitama prefecture. Since there were sufficient middle-level snow, low-level water vapor flux, and super-coole
cloud water in the windward side of these regions, snow falling from the upper ice cloud was converted to graupel in the low
troposphere in IN10. These results suggest that there are uncertainties related to the aerosol indirect effects in cloud microphysi
modeling of bulk method in IMA-NHM.

F—TU—F: RE, BT, YR, K%
Keywords: heavy snowfall, numerical simulation, cloud microphysics, ice nuclei
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he analysis of the relation between non-precipitation echoes and wind structure of se
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KT I—DFEDOFER & ZED X I = XIS DWTERET- T2,
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EIu0|dat|on of the mechanism of the downstream gust wind using high resolution weathe

model
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BEWKIR T — 2 2GR TMETIICAN LY 2 ab—ya vifrol, HEIA US| & IEFRE RO RS T
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