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CALIPSO, CloudSat, MTSAT C&HIL7-overshooting DFFHT
Analysis of an overshooting measured by CALIPSO, CloudSat and MTSAT
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Abstract

Water vapour is known as an important gas for chemical and radiative effect in the stratosphere and upper
troposphere and it is transported from the lower latitude to the higher latitude in the stratosphere. An overshoot-
ing, a cloud intrusion through its level of neutral buoyancy above a cumulonimbus, is known as one of the ori-
gins to rehydrate the tropical stratosphere. However, an overshooting also affects dehydration of stratosphere
because of a cold air intrusion; hence, the role of an overshooting is not known. Here we show that an over-
shooting rehydrates the stratosphere by synergy observations of a space-borne lidar Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations (CALIPSO), a space-borne cloud radar CloudSat, and Multifunc-
tional Transport Satellite (MTSAT). That is, retrieved mode radius and ice water content of the overshooting
measured by CALIPSO but not by CloudSat are 21.0+5.5 um and (0.20+0.14)x107 g/m’, respectively. Thus
half of ice water exists above the cold point tropopause (CPT) after 30 min from the overshooting, where we
assume CPT is the same height of observed thin cirrus cloud in the tropical tropopause layer (TTL), TTL cloud.
In addition, the difference of brightness temperatures of MTSAT shows there were enough water vapor in the
stratosphere above the overshooting. Since the overshooting we analyzed occurred in the smallest class of a
cloud cluster, the similar rehydration should be usually occurred. Therefore, we may underestimate the rehy-
dration of stratosphere by overshootings. We anticipate effects of overshootings would resolve TTL issues such
as a generation mechanism of a TTL cloud which dehydrates the air entering the stratosphere. Hence, our study
would be the important key to reveal the complicated mechanism of rehydration and dehydration of lower
stratosphere.
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Figure 1. Space-borne lidar and radar measurements of the overshooting. The height-latitude sections of (a) the
attenuated backscattering coefficient of CALIPSO B' and (b) the attenuated radar reflectivity factor by Cloud-
Sat Z' at 0145 LT on 13 January, 2007. The cloud top of the overshooting is 18.1 km and detected on 4.75 °S,
178.9 °E. We assume data below (a) 51077 /m/str or (b) —27 dBZ are noise, respectively. (c) Overlaps of
CALIPSO and CloudSat data; red, blue and green denote data observed with CALIPSO and CloudSat, only
observed with CALIPSO, and only observed with CloudSat, respectively. The rectangles 1 and 2 denote the
overshooting above CPT defined by GMAO and that by TTL cloud height, respectively.
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Figure 2. MTSAT measurements of the overshooting. (a) The latitude-longitude section of the brightness
temperature of channel 1 (a wavelength of 10.3 - 11.3 um) Ty (IR1) measured with MTSAT at 0200 LT,
15 minutes after the overshooting. The special resolution is 0.25 ° x 0.25 °. The diagonal line denotes
CALIPSO and CloudSat orbit. (b) ATg = Tg(WV) — Tg(IR1) along the satellite's orbit. ATy is positive
only around the overshooting and it is +0.25 K.
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Table 1. ry and IWC analysed in area 1 and 2.

Area 1 Area 2

CAL 25.443.0 um, 24.442.8 pm,
+CLO | (1.11£0.52) (1.63+0.79)
x107% g/m’ x107% g/m’

| CALI [21.065.5um, | 22.245.6 um,
PSO | (0.20+0.14) (0.17+0.13)

60 55 -50 -45 40 35 60 -5 5 50 45 740 35 x1072 g/m’ x1072 g/m’
Latitude [deg] Latitude [deg)
fr— | - f— ! 1 "CAL+CLQO" denotes retrieval of CALIPSO
0 20 40 60 -4 3 2 -1 and CloudSat synergy data. "CALIPSO"
£ [ura] logl 0 TWC [gm3] denotes that only CALIPSO measured

clouds hence CloudSat data are assumed as
Figure 3. Retrieval of r, and IWC. Here we assume the log- —27 dBZ for the radar/lidar analysis. Area 1
normal distribution with the standard deviation 1.5 as a particle and 2 are assumed CPT is defined as
distribution of clouds. Note we assume —27 dBZ when CALIPSO GMAO data and TTL cloud height, respec-
measures clouds but CloudSat can not because we assume signals tively, and represented as rectangles in Fig-
below —27 dBZ as noise of CloudSat. Thus, retrieved results of ure 1(c).
which data are observable by CALIPSO but not by CloudSat
would be overestimated. For example, though a particle size of a
TTL cloud is basically less than 20 um, the retrieved size of TTL
clouds are 20~30 pum. Some data synergy observed with
CALIPSO and CloudSat can not be retrieved. The reason would
be the size distribution or particle shapes are quite different from
our assumption.
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Figure 4. Decreasing of total amount of ice water due
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CloudSat data are assumed as —27 dBZ for the re-
trieval. Area 1 and 2 are defined by CPT height and
represented as rectangles in Figure 1(c).
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