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Radiosonde observation network in Tokyo metropolitan area
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Isolated cumulonimbus initiation observed by 95-GHz cloud radar, X-band radar, MTSAT-
1R (rapid scan), and photogrammetry
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Case study on first echo associated with cumulonimbus development observed by Ke

band radar in the Kanto region, Japan

0ooooo ™ ooolthooothoooo',ooooh,oooo0Yhooothoooo!
SAKURAI, Namiko'*, Koyuru Iwanami, Takeshi MaesaKa Shin-Ichi Suzuki, Shingo Shimizti, Ryohei Misumt, Dong-
Soon Kimt, Masayuki Makt

lopooooooon
INational Research Institute for Earth Science and Disaster Prevention

Simultaneous observations of cumulonimbi using a Ka-band Doppler radar (KDR) and an X-band polarimetric Doppler radar
(XPDR) were performed during the summer 2011 in the Kanto region, Japan to understand the initiation and developing proces
of cumulonimbus. A cumulonimbus developed in the mountainous area in the west of the Kanto region in the morning on 18
August 2011, and initiation and developing process of the cumulonimbus were observed by the KDR and the XPDR. In this study
we defined an echo newly observed in RHI and PPI scans as "first echo”. In the developing stage, first echoes occurred one aft
another, and maximum echo top height and maximum reflectivity of individual first echoes gradually increased. The maximum
echo top height of the cumulonimbus grew up to 12 km in height. In the beginning of developing stage, only the KDR could
detect several first echoes and no first echo was detected by the XPDR for more than 25 minutes. After first echo was detecte
by the XPDR, the time lag of first echo detection between the KDR and the XPDR tended to be shorter as the cumulonimbu:
developed. In the first half of the developing stage, the height of first echo appeared between 2 and 5 km in height. In the latte
half of the developing stage, on the other hand, the appearance height of first echo stepped up between 5 and 12 km in height.
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Characterizing atmospheric turbulence with a dense GNSS network: temporal and spati
analysis of high-rate slant delays
Characterizing atmospheric turbulence with a dense GNSS network: temporal and spati:
analysis of high-rate slant delays
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Forecasting sudden thunderstorms and torrential rain in urban areas is a crucial objective for disaster prevention and mitigatio
Such severe storms are often abrupt and highly localized phenomena with a horizontal scale of few kilometers, which make
them difficult to be predicted by current numerical weather models. Short-term predictions on such small scales could potentially
benefit from reliable measurements of the temporal and spatial fluctuations of water vapor in the atmosphere. Since most
the atmospheric water vapor is contained in the troposphere, it is possible to estimate the amount of precipitable water vapc
(PWV) from the analysis of Global Navigation Satellite System (GNSS) tropospheric delays: the estimated signal delay due
to the tropospheric refractivity along each receiver-satellite line-of-sight, or slant delay, is mapped to the zenith direction and
divided in its hydrostatic and wet components in order to estimate the PWV over a GNSS station. The water vapor distributior
and its variability can be monitored by employing a network of continuously operating stations. Atmospheric turbulence can be
characterized by analyzing the temporal and spatial fluctuations of tropospheric delays.

This work focuses on the stochastic analysis of refractivity fluctuations in the wet troposphere by means of temporal and spatic
structure functions applied to observed tropospheric delays. High-rate (1 Hz) observations obtained from a dense network of du
frequency GNSS receivers have been processed by precise point positioning, taking into account the effects of satellite cloc
instability on the estimated tropospheric delay. The resulting structure functions show power-law behaviors varying betweer
5/3 and 2/3, consistently with Kolmogorov turbulence theory. The impact of different slant delay geometries is evaluated by
elevation-based satellite selection. The effect of different tropospheric conditions on the correlation length and magnitude of th
measured fluctuations is studied, suggesting the possibility to characterize and monitor turbulence in the wet troposphere at loc
scale by means of a continuously operating dense GNSS network.

00 000:GNSS, PPP, troposphere, water vapor, atmospheric turbulence
Keywords: GNSS, PPP, troposphere, water vapor, atmospheric turbulence
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