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COBE (Cosmic Backgroud Explorer)

(2tfF 2. KEE.
Nov. 1989 — Dec. 1993, L He 650kg)

Intensity, 10-4 ergs / cm? sr sec cm-1

CosMiC MICROWAVE BACKGROUND SPECTRUM FROM COBE
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WMAP (Wilkinson Microwave Anisotropy Probe)
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Hubble deep space image
2 1 : 50 days. AR B D 1001215 D
(http://hubblesite.org)
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LHC (Large Hadron Collider)
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19975118 —1R#E
Q Tropical Rainfall Measuring Mission: TRMM

Observation of tropical
rainfall (Driving engine
of global atmosphere)

Solar paddle High-gain antenna

US-Japan joint mission
(Japan: PR, Launch,
US: Bus, 4 sensors,
operation)

Launched in Nov., 1997.
Still under operation

Orbit Circular (Non-Sun Synchronous) First Spgce_borne
Altitude 350km (402.5km since Aug. 2001) (== 1.25km) precipi’ra’rion radar

Inclination | 35 deg.
nclination €9 developed by CRL and

Sensor Precipitation Radar (PR)

TRMM Microwave Imager (TMI) NASDA
Visible and Infrared Scanner (VIRS) ‘m NASDA

Clouds and the Earth’s Radiation Energy System (CERES)
Lightning (LIS) C_ =< "
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Global Distribution of the Mean Storm Height
Measured by the TRMM Precipitation Radar

Storm height (km)
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TRMM PR 3A25 Storm Height: JJA '98
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FIG. 1. Average storm height from TRMM standard product 3A25 for JJA98. Units are meters with contours at 17, 20, 23, 26, 30, 40,
50, 60, and 70, X102 m
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Correction of PR estimated rain after the boost

: Global Monthly PreC|p|tat|on (e_ Surngln)
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* The total decrease in e_surface rain is estimated to be 5.90% on average in a
global scale. The main causes are:

A) Sensitivity degradation by the increase of satellite altitude
B) Increase of the range of surface clutter by the increase of the footprint size, and

C) Mllsmatch between the transmission and reception angles for one pulse in every 32
pulses
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ZONAL AVERAGE RAIN ACCUMULATION: OCEAN
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temperature (dashed lines) anomalies. Sp and STs denote linear
changes for precipitation and temperature anomalies, respectively.
R and Rdt represent the correlations between precipitation and
temperature anomalies with and without the respective linear changes.

(Adler et al., 2008)
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Flgure B1| The global annual mean energy budget of Earth for the approximate period 2 000-2010. All fluxes are in Wm< Solar fluxes are in yvellow
and infrared fluxes in pink. The four flux quantities in purple-shaded boxes represent the principal cormponents of the atrmospheric energy balance.
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antenna beams.

(Nakamura et al., JMSJ 1990)
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FIG. 6. A comparison of measured and estimated ratios of Ka-band effective radar reflectivity factor Zy, to X-band effective radar
reflectivity factor Zx on 6 June 1983. The upper line is dual-wavelength radar-derived DZ4,q at a height of 710 m and the lower line is
Doppler radar-derived DZp,, at a height of 750 m. The curve (a) is shifted upward by 4 dB to avoid the overlapping.
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Vertical Profile of Z-factor Observed by PR at Nadir(99/06/04,8734)
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The lines dashed are averaged simulation results.
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Snow observation at Nagaoka

Only weak attenuation appears.
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k-Z, plots estimated from Ka radar for 10 days
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® : Wet snow cases are dominated.
: Dry snow cases are dominated.
| @ : Rain

*We subjectively classified wet and dry
Lo el -} snow cases depending on k-Z, relation
e T - and surface temperature.
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Different tendencies of k-Z, relations were shown depending on
rain and wet or dry conditions of snow. (Nishikawa et al. 2012)
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i University
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A Generalization of “Eliassen-Palm Relation”

By Kenji Nakamura

Kashima Branch, Radio Research Laboratories
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NOTES AND CORRESPONDENCE

A Comment on the Kelvin-Helmholtz Instability
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