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Summary

This report contains the results of researches done in the two WCRP-related research
programs on cloud and radiation which were carried out at the MRI (Meteorological Research
Institute) of the Japan Meteorological Agency, during the 7 years from FY1984 through
FY1990. This report consists of two parts. Part I describes development- of four original
instruments for cloud and radiation measurements in the research program “Development of
Instruments and Methods of Cloud and Radiation Observation” (FY1984-86). Part I contains
the results of various research activities in the research program “Field experiments and

Theoretical Modeling of Cloud-Radiation Processes” (FY1987-90).

Part I Development of Instruments and Methods of Cloud and Radiation Observation
(FY1984-86)

Four unique instruments for cloud and radiation observation have been developed in
this research program. A major purpose of our cloud and radiation observations is to make
clear the relationship between the radiative properties of clouds and their microphysical and
macrophysical structures. In order to start cloud observations at the MRI, especially in-situ
aircraft observations, for which our experiences and instruments had been very poor,
development of new devices was required. These should give more detailed information on
cloud microphysical and radiative properties than obtained by the conventional instruments.
The newly developed four instruments are a special video sonde for measuring cloud
particles, an airborne video-microscope for cloud particle measurement, an airborne measuring
system of cloud interstitial aerosols, and an airborne multi- channel cloud pyranometer
system. With a combined use of the first three instruménts, three dimensional distributions
of cloud forming particles can be measured. Further, the development of multi-channel cloud
pyranometers may improve our understanding of the relation between solar spectral
reflectances and cloud microphysical properties. The characteristics of the instruments
developed are described in each separate section in Chapter 1.

1) Cloud Particle Video Sonde (Sec. 1.1)

A special sonde for measuring cloud particles, which is named a Cloud Particle Video

Sonde (CPVS), has been developed. When a CPVS quipped with a small TV camera is
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launched into clouds, it transmits to the ground station images of hydrometeors in the size
range from 7 pm to 2 cm as well as meteorological element data in clouds, at a frequency of
1.6 GHz. The particle image signals are received and recorded on a VTR, and simultaneously
displayed on a CRT. At the same time, data on meteorological elements are printed out from
a digital analyzer. Afterward the particle image information on the VTR is read out for
analyses of hydrometeors in clouds. Using the collection efficiency of the CPVS for water
droplets "determined from a laboratory experiment, the number concentration of cloud
particles and the variation of their size distributions with altitude can be calculated. The
CPVS, thus designed, was tested in field observations for several cloud layers, and showed
good performance.

2) Airborne Video Optical Miroscope for Measuring Cloud Particles (AVIOM-C)

(Sec. 1.2)

A new system has been developed for measuring cloud particles on board aircraft.
The system consists of three parts: cloud-particle detection unit, image display and recording
units, and control unit. The detection unit mounted in the nose part of an airplane has three
components : two shutters for adjusting the timing of sampling, stepping hydrophobic-glass
stages and an optical microscope with a CCD video-camera. From images of cloud particles
on a cathode-ray tube, the phase of cloud particles (water or ice), size, shape, and number
are immediately identified visually. The images of cloud particles are simultaneously recorded
on a video-tape recorder (VTR). After flight, the image information is easily read from the
VTR and processed by a particle- image analyzer to get further information. Collection
efficiency for particles larger than 5 ¢m in diameter is estimated to be 100% in the case of
flight speeds greater than 50m/sec. Airborne test observations showed that the system can
provide high—quality images of cloud particles in the size range of 5 to 150 ¢ m in diameter
with a time resolution of 1.4 seconds. The liquid water content calculated from the image of
particles were compared with those by a Johnson-Williams hot-wire probe.

3) Airborne Instrument for Measuring In-cloud Aerosol Particles (Sec. 1.3)

A new airborne instrument for measuring in-cloud aerosol particles has been
developed. Efficient separation of Cioud—interstitial aerosols from cloudy air containing cloud
droplets and/or ice crystals was accomplished using a virtual separator which was designed
to discriminate interstitial aerosols from cloud particles with sizes above 2 ¢ m. The cloud-
interstitial aerosols, thus separated, were confirmed to be smaller than 2 ¢ m in diameter.

Aerosols smaller than 2 gm are then piped through to an optical particle counter and/or an
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aerosol sampling device. To prevent the instrument from icing, a deicing heater was
installed, especially around the air inlet nose of the instrument. Airborne tests proved its
good performance in measuring the size distribution of cloud-interstitial aerosols.

4) Airborne Multi-channel Cloud Pyranometer System (Sec. 1.4)

A spectro-radiometer system for airborne measurements of ’cloud radiative properties
has been developed. The instrument consists of a pair of multi-channel pyranometers, each of
which is installed on the top and the bottom of aircraft fuselage to measure the downward
and upward solar fluxes, respectively. The multi-channel cloud pyranometers (MCPs) provide
nearly monochromatic solar fluxes at nine wavelengths, between 042 ¢ m and 1.65 g m
including 0.76 g m and 094z m in the O, and H,O absorption bands, respectively, using
interference filters with very narrow band widths. The interference filters are built in a
rapidly rotating wheel. Solar radiation passing through a filter is instantly detected by a
silicon photodiode for wavelength A <1 #m and by a germanium photodiode for A > 1 gm.
From measurements of the downward and upward solar fluxes by MCPs over a cloud layer,
we can obtain the spectral distribution of refléctances of the cloud layer. The performance
of MCPs was confirmed through laboratory calibrations and airborne tests.

Section 1.5 summarizes the characteristics of the developed instruments. The
instruments for airborne use were subjected to test flights in order to examine their
performance as a combined whole system for cloud and radiation observations. They proved
good performance through the test observations. However, it was revealed that the aircraft
observational method should be improved in a future study to minimize errors due to high

variability of clouds in terms of microphysical and radiative properties.

Part I Field Experiments and Theoretical Modeling of Cloud- Radiatibn Processes
(FY1987-90)

As part of the WENPEX (Western North-Pacific Cloud-Radiation Experiment) in the
Japanese WCRP, the Meteorological Research Institute (MRI) have operated the above titled
research program during FY1987 through FY1990. The major scientific objectives of the
program are threefold : one is to improve our understanding, through field experiments and
theoretical modeling, of the relationship between bulk radiative properties and microphysical
and macrophysical structures of stratiform clouds. Here the bulk radiative properties are such
radiative characteristics, averaged over a cloud layer, as flux reflectance, absorptance and

transmittance for the shortwave radiation, and emittance for the longwave radiation. The
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second objective is to improve the parameterization of the cloud-radiation processes used in
the atmospheric general circulation models (AGCMs). For these purposes, several kinds of
radiative transfer computational models for cloudy atmospheres were developed. These
radiation models were used to analyze the field observation data and to simulate the
radiative processes in various cloud fields. The third is to develop advanced uses of satellite
data to detect and retrieve cloud parameters.

Two types of field experiments have been carried out for observations of radiative and
microphysical properties of stratiform clouds. One is the in-situ aircraft observations for low-
and middle-level clouds over the ocean around Hachijojima (33.1°N, 139.8°E) (Chap. 2), and
the other is the ground-based observation at the MRI, Tsukuba (36.0°N, 140.1°E), for high-
level ice clouds, for which direct aircraft measurements are not available (Chap. 3). A
schematic picture of the field experiments is shown in Fig. A. In these field experiments,
the above mentioned unique instruments developed at the MRI have provided interesting and
valuable data.

Chapter 2 gives descriptions of the aircraft observation for low- and middle-level
clouds. Two aircraft (Cessna-404 and Aerocommander-685) were used to make simultaneous
measurements of radiation and cloud microphysical properties including aerosols. Synchronized
formation flights by the two aircraft were adopted to obtain simultaneous data on radiation
and clouds (Sec. 2.1). The instrumentation for the aircraft observation is explained in Section
2.2. The aircraft observation was carried out during September 19-21, 1987 (FY1987), March
28-30, 1989 (FY1988), December 20-23, 1989 (FY1989), and December 13-16, 1990 (FY1990),
mostly for stratiform water clouds and partly for scattered cumulus cloud fields.

The data obtained are summarized in the data directory in Supplement A.2, and they
are available fo every researcher who ;ivants to use them. Examples of the data are shown in
Section 2.3 for several typical cases of stratiform clouds observed in each fiscal year. In the
section, the> GMS satellite images at the observatioﬁ dates, observational flight paths,
vertical and horizontal diétributions of fhe measured radiative fluxes and cloud fnicrophysical
prpperties are shown in figure form. These data are being analysed from various points of
view, and some results ‘are presented iﬁ the following Sections 2.4-2.8.

From these analyses, a general feature of winter stratocumulus clouds, which are one
of the typical clouds over the western North-Pacific region, could be specified as follows.
Winter stratocumulus clouds over the warm ocean (T's=20°C) around Hachijojima usually

coexist with scattered cumulus clouds below the stratocumulus layer. At the cloud top, there
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is frequently a strong temperature inversion, and above that the atmosphere is usually very
dry. The microphysical structure of the stratocumulus clouds is fairly inhomogeneous both
vertically and horizontally.

Section 2.4 analyzes the microstructures of non-glaciated and partly glaciated (mixed
phase) stratocumulus clouds, observed on December 13 and 14, 1990, respectively, of which
cloud top temperafures were nearly same with —4°C. In the water cloud without glaciation,
the liquid water content generally increased and the cloud droplet size distribution became
wider from the cloud base to the top, although the concentration of cloud droplets was
almost constant throughout the layer. On the other hand, in the partly glaciated
stratocumulus cloud, ice crystals were found in the upper part of the cloud layer and,
horizontally, in some sporadic regions. Ice crystals have grown by the deposition and, or
riming processes during dropping down through the cloud layer, and then melted in the
lower part of the layer where the liquid water content was largest.

In Section 2.5, aerosols withiri and without clouds have been measured by using the
airborne instrument for measuring in-cloud aerosols developed in Section 1.3. The aerosol
measurements have brought interesting features on aerosol behaviors associated with cloud
formation. A significant decrease as much as 65% in volume was noticed in cloud-interstitial
aerosols, compared with aerosols outside clouds, in the sub-micron ‘size range with radii
between 0.15 pm and 1 gm. This means that the sub-micron aerosols are thought to have
efficiently worked as condensation nuclei of cloud droplets. However, an electron-microscopic
analysis of aerosol samples has also shown that cloud- interstitial aerosols were also
hygroscopic such as sea salt particles and ammonium sulfate particles. This suggests that
there were areas of low supersaturation and/or under-saturation even in the clouds.

Section 2.6 describes an estimation of cloud parameters from spectral reflectances
measured by the airborne multi~channel cloud pyranometer system (MCP) developed in Sec.
1.4. In this remote sensing procedure, cloud layers are assumed to be locally plane-parallel,
and vertically homogeneous. Optical thicknesses at wavelength A = 500nm and effective
particle radii of water clouds are simultaneously estimated from reflectances at a visible
channel of A =500nm and a near-IR channel of A =1650nm. Next, cloud liquid water content
can be estimated from reflectances at A = T760nm in the O, absorption band, under the
assumption that the cloud altitude is known, and then the amount of oxygen molecules per
unit path length is known. Then the integrated liquid water path and geometrical thickness

of the cloud layer, and cloud droplet concentration can be evaluated as by-products from
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combining the above-inferred cloud-physical parameters. Finally, mean water vapor amounts
within clouds can be retrieved from reflectances at A =938nm in the water vapor absorption
band. The estimated cloud-physical parameters reasonably agreed with the in-situ measured
parameters. However, the estimated effective particle radii and liquid water contents were
generally larger than those measured directly with an FSSP probe and a KING hot- wire
probe, respectively.

A case study of radiation budget analysis is described in Section 2.7 for the stratiform
water cloud observed with the synchronized flights of two aircraft on March 30, 1989.
Simulation calculations which adopted the optical thickness and effective particle radius
estimated from the spectral reflectances measured by the MCP yield the reflected and
transmitted solar radiation fluxes coincident with the measured fluxes. The observed solar
absorptance of the cloud layer is almost equal with the simulated one; the so- called
abnormal absorptance was not recognized in this case. In order to adjust the optical
thickness (or integrated liquid water path), however, we had to increase the liquid water
content measured with the KING hot- wire probe by as much as three times, which
suggested that the measured liquid water content might be underestimated. For the same
case, a spatial distribution of effective particle radii in a wide area was estimated from a
satellite data analysis for ch. 3 (3.7 #m) data of NOAA/AVHRR (Sec. 2.8).

Section 2.9 summarizes the aircraft -observations for stratiform clouds. Here it is
pointed out that there remains much uncertainty in aircraft observations of  cloud
microphysical properties, and that there is a discrepancy between in-situ measured effective
particle radii and liquid water content and those retrieved from the spectral solar reflectance
measurements.

Chapter 3 describes the ground-based observation of high-level ice clouds, for which
no research aircraft is available in Japan. One main purpose of the ground- based
measurements of ice clouds is to accumulate simultaneous observation data on optical
properties and microphysical structures of cirrostratus clouds associated with midlatitude
fronts. For that, we have organized a ground-based observation system combining various
instruments (Sec. 3.1). The measured data involve cloud height, thickness and backscattgzring
profiles measured by an MRI lidar system, vertical profiles of ice crystals as well as
temperature and humidity measured by an improved cloud particle video sonde, the solar and
infrared irradiances measured by various radiometers, cloud optical thicknesses by a

sunphotometer, and the spectral zenith radiance in the 10 ¢ m window region by an FTIR
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radiometer. The concurrent NOAA satellite data were also archived and analyzed. The
ground-based observations were carried out at the MRI, Tsukuba (36°03’N, 140° 08’ E) during
six days of December 11, 1987, June 22 and 30, 1989, October 29, 1990, and November 1 and
19, 1990. In this report, we mainly present the results for cirrostratus clouds observed on
June 22 and 30, 1989. On both days, cirrostratus clouds were observed and appeared very
similar to each other. They were associated with a Bai-u front (June 22, 1989) and a warm
front of a coming low pressure system (June 30, 1989), respectively.

The cloud particle video sonde described in Sec. 1.1 has been improved to a
Hydrometeor Video Sonde (HYVIS) which has two small TV cameras with different
magnifications to take images of hydrometeors from 7 #m to 10 mm in size. The HY VIS has
been applied to the ground- based ice cloud observations (Sec. 3.2). The microphysical
structure of the cirrostratus on June 22, 1989, which was analyzed from the HYVIS data, can
be specified as follows: the cirrostratus was caused by an upgrading warm air mass
associated with the northward moving Bai-u front which had stayed south along the Japan
Islands, with an estimated updraft speed of ~10cm/sec. The dominant shape of ice crystals
was a hexagonal column, whose size incréased from the cloud top to bottom. This reveals
that deposition process was the major ice forming mechanism in this cloud. The
concentration of ice crystals was of the order of 10° per m®.

Section 3.3 explains the lidar system used in the ice cloud observations. Under proper
conditions, the lidar can provide information on the heights of cloud base and top, cloud
geometrical and optical thicknesses, phase of cloud particles by depolarization measurements.
With our lidar system, however, successful estimation of the optical thickness was limited to
thin clouds with optical thicknesses less than about 3. Moreover, the lidar observation has an
advantage in getting information on time variations of the structure of ice clouds.

Various radiation measurements taken in the ground-based observation system are
explained in Section 3.4. A correction procedure for the optical thickness measurement by
the sunphotometer is discussed through simulation calculations by a Monte Carlo method for
multiple scattering effects into the sunphotometer’s field of view. With this correction, the
visible optical thicknesses as large as about 10 were successfully estimated from the
sunphotometer measurement.

Section 3.5 presents results of a synthetic analysis of various ddta from the ground-
based observations for the cirrostratus clouds on June 22 and 30, 1989. From the HYVIS

image analysis, the size distributions of ice crystals averaged over the cloud ‘layer were
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obtained. The size distribution is approximated with power law distribution functions. The
mean exponent is estimated to be 3.24. Combining the sunphotometer measurement with the
solar flux measurement, the solar flux transmittances were related to the visible opticgl
thicknesses and compared with the simulated transmittances computed for some model ice
clouds. The transmittances were coincident with each other within an error of 3% for optical
thicknesses of 3~10.

The effective downward emissivity in the 10 # m window region was estimated from
the IR radiation thermometer measurement. In the procedure, effects of the atmospheric
radiation below cloud layers were corrected by considering time variations of cloud-base
heights and temperature and humidity profiles measured by -the lidar and radio sonde
observations, respectively. This effective emissivity was correlated with the visible optical
thickness. Spectral distributions of the down—coming atmospheric radiation were measured by
an FTIR spectrometer in the IR window region (800-1200cm™). The observed spectra were
compared with simulated ones which. were computed assuming spherical ice particles with
the measured power law size distributions. From the comparison, we could estimate IR
optical thicknesses at A =10 ¢m and lower-limit sizes of the power law distribution. The
estimated IR optical thicknesses were about twice the visible optical thicknesses.

Concurrent NOAA satellite data over the Japan area were analyzed. The brightness
temperature differences between ch. 4 and ch. 5 of AVHRR data of NOAA-11 satellite were
compared with those computed for model ice clouds with the observed exponent but for
different lower-limit sizes in the power law size distribution. The results show that the
satellite brightness temperatures mostly scatter between calculated values with the lower-
limit sizes of 4 #m and 16 gm. Through this ground-based observations of ice clouds, it was
for the first time confirmed that there is a close correlation between the existence of small
ice crystals of the order of 10 # m and large differences in the brightness temperatures
observed by the different IR channels.

Chapter 4 gives descriptions on the theoretical modeling of the transfer of solar
radiation in broken cloud fields (Sec. 4.1) and horizontally inhomogeneous water cloud layers
(Sec. 4.2), a newly developed Line-by-Line calculation of the atmospheric absorption spectrum
(Sec. 4.3), and a newly developed infrared radiation scheme for AGCMs (Sec. 4.4).

In Section 4.1, Monte Carlo calculations have been performed for various cumulus field
models in order to parameterize the reflection of solar radiation from broken cloud fields. The

results . with the effects of cloud- cloud interaction and enhanced illuminated  area are
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compared with those by the plane-parallel approximation. It is shown that the enhanced
illuminated area effect is the most effective for the broken cloud fields. The effective cloud
fraction is then parameterized by considering the above two effects both for non-reflecting
and reflecting underlying surfaces. The effective cloud fraction is a non-linear function of
the cloud cover viewed normally and the area enhanced ratio, indicating that the plane-
parallel approximation is, in general, not satisfactory for finite cloud fields. The
parameterization scheme yields a reasonable approximation to Monte Carlo results for finite
cloud fieldrs,

An approximate numerical computation method has been developed for the transfer of
solar radiation in horizontally inhomogeneous cloud layers (Sec. 4.2). The method is a P-3
approximation extended to a two- dimensional space. The method was applied to
inhomogeneous cloud models based on the aircraft observations, and the effects of horizontal
inhomogeneity on the solar reflection were studied. The results show that, at visible
wavelengths, inhomogeneous clouds reflect, at most, 8% more than homogeneous
counterparts with the same mean liquid water contents do.

Section 4.3 proposes a new Line-by-Line method developed to calculate the spectral
absorption coefficients of absorption lines with a Voigt line shape in the terrestrial
atmosphere. In the method, the Voigt line shape is decomposed into several sub-functions,
with even quadratic functions used as sub-functions. This functional form allows for easy
estimation of the half-width of the sub—function. The final spectral absorption is obtained by
the superposition of independent spectral absorption coefficients. The finer details of the
absorption spectrum are then examined to determine whether they are zero or not at every
grid point. This procedure eliminates unnecessary calculations in interpolations of absorption
coefficients from coarser to finer resolution and also saves storage capacity. This method has
also been applied to several problems in the field of atmospheric radiation.

In Section 4.4, an accurate but computationally fast scheme of the infrared radiative
transfer is developed based upon the multi-parameter random model to be used in climate
and numerical prediction models. The entire infrared spectrum is divided into four spectral
regions, 20-550, 550-800, 800-1200 and 1200-2200 cm™, including the H,O rotation and 6.3
¢m bands, the CO, 10 and 15 ¢m bands, and the O; 9.6 and 14 g m bands. The continuum
absorption of H;O is incorporated in all the spectral regions. The mean diffuse transmittances
for homogeneous paths are calculated by the multi- parameter random model. The

transmittance calculations through inhomogeneous atmospheres are carried out by the
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modified Godson method, which independently uses the Godson method to the line and wing
parts of the transmission function. When the transmission functions vary rapidly in the
vertical integral in a GCM scheme, transmittances are calculated only between the half-
levels of the vertical coordinate, while the Planck fluxes are evaluated at both the half- and
full-levels. The vertical integral in one layer can be represented with two terms: one for a
temperature profile with no inversion and the other for a profile with inversion. The errors in
heating rétes calculated by this scheme for the model atmospheres are less than 0.3 K/day in
the troposphere and stratosphere and less than 0.8 K/day above the stratopause. The errors
in radiative fluxes are less than 1 W/m? both at the surface and the top of the atmosphere.

Chapter 5 describes the use of NOAA satellite data in the cloud and radiation study.
In Section 5.1, the processing procedures of various radiometer data (AVHRR, HIRS, MSU,
SSU) on board the NOAA-series satellites. The processing computer programs are now ready
for use at the MRI, and they have improved quantitative uses of the satellite data in a more
advanced way.

In relation to the ground-based observations of ice clouds, sensitivity of the multi-
channel HIRS data on high-level ice clouds has been studied. The results show that the
HIRS data of ch. 4 through ch. 10 (except ch. 9) can be used to detect ice clouds and to
estimate their cloud physical parameters. It is also shown that the solar reflection
characteristics at ch. 19 (3.7 m) is promising in the discrimination of phases of cloud
particles (water or ice).

In Supplement A.l, the instruments used in the field experiments are summarized in
tabular form. Appendix A.2 gives the directory of data obtained in the field observations.

Publications and reports of research results are listed in A.3.

(S. Asano)
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H1E ELBHOBEITEOR
(Development of instruments and methods of cloud and
- radiation observation)

1.1 B|RF/ T ATFLORR
(Development of Cloud Particle Video Sonde)

1.1.1 [ FL®IC
EOBEFENE NS L CENORRE, NEST, KEOBBE - RES - #5H, B
, BREZFOZHSMIBOUYERUEY DR TH 5 2 -2 L LTEETH S, S VFEL—
FeFGAF— A28 2—T5IFA-2EDYE— VYV ISOHER, 40 % Tk
CHWHRS X 5> TERH, ThLBBEWTELT TR ERD T 2 — 2 & HHCITE
BRI THT, fALHOBEENEHEFENLETHS, B, #AECE VT, BoE
BB, J-W EXKEET - Forward Scattering Spectrometer Probe (FSSP) - 2-D Optical
Array Probe R HEE LR X - TiTbhTw3, L L, MBS0 RTHE
BERREM DO R SRR ETHENIB IS Z &2, HBRL T B RCHERIER & KGO
BHENBA D TH AR EOMEEEPNLTVH I ELHEETH D, DL 5 eieisEn
DREFFS 1D, ThEipihe, Ll s 2 -2 2EEMETHFHEE LT, [EEHF O
B vy (TVERT Y V) &R L
KEEHCCENDOERF - BN FEEERNEL X 5 LT %5 A&, 3T Magono and
Tazawa (1966) % Hill and Woffinden (1980) I X » T/t ¥ h T\w5%, LA L, Magano and
Tazawa @ Snow Crystal Sondeld, R O LV 7V #DEFM LGRS Y v FEEIN L il
St b S CRIEMRD 5o, —J5, Hill and Wolfinden DFiFE L7 V' v FIXEIR O HE T 7n
WA, BEHOBKECETAERLIESL LA TERY, TVERTYVFIRTV 225K
o THBEINENT - AN TFOMGEY ) 7L 24 ATHECEXTHI LR LT, £0
X5 REAR TR U,

KETIE, AT AOBE, TVERT Y vF o/, B b B)5HaERR, REABROIHC

BB,

i

% K EEKE (M. Murakami), #WESE (T. Matsuo), iy # (T. Nakayama), M AR (H.
Uemura), F#kg#E (T. Okabayashi)
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1.1.2 LATFLOEE

Fig. LLIRT X 512, G3k (3kg) EBRLALBHFTV Y VFR I > THEOALENTO
L, 1.6GHz M~ 7 mBgR AL, MEHEHR FM) @ Uh BRI h5, B EDZE
EBZ, BRImDOARS RS 7 vTFeFoaBERM L v — -~ (RD65A ; IEERKK) T
BB, CRIIREDOLV—Y 4 vV VFBRRCHEVWOLRELDT, ZOEBRME, 1 AHERE T
MEFFELZAMTHZ LY, TVEN TV VYTFHLOETHESR2RETHI LA LR
b, TOEBTRELLETHESE TV E=2 k525K, VIRCIET 5. R
iz Time Code Generator 225 DRZIES % TV €= —2FRL, VIRKINGETHZ L L TR
b, X, TVE=2—%R7xHi>Hard Copy X & BT L HTE S, BNE, FELLETAT —
THEARA—CTFIAF - HCTHBNCHET L, NESHE2ELZLIWETHS,
Photo 1.1.1, Photo L.12ICV—v 4 vV v F LERELLENTF TV VT LT — 2 NEEEDF
HEmwRT,

Balloon

Antenna Assembly

A
CPL_F_>_
. .

1.6GHz
Low Noise
Amplifier
Receiver/
FM Demo-
Inage dulator
e —
Analyzer A I
‘J’ S/
~~ Video e code
Processor ! Mixer iGenerator
1
l |
1
Printer Hard Video Tape TV Monitor
Recorder
Copy
Analyzed Data Image Copy

Fig. 1.1.1 Block diagram of the CPVS system.

—24—
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Photo 1.1.1 Photograph of the CPVS coupled with a rawinsonde.

1.1.3 BRFTVY LT

D ZNTTV VvFolRE

EBRFTV Y v FIEBENTF - AN TFOWEREY Fig. 1L1.2ICERNWICRT, V7t
FLiehb, VVFO7 —F EHOBGA R E L TERT - MoK 75— 7 4 v 2 RIS
T, 742 TWEHZ DTV A 2 FTT7 4 V2 LORNTFEREEEL, TVI 2 7hLOWGES
FMZRL, V7 a1 A THEEANERT S,

(2) #EEORE
TVERTF Y v FRKEL ST, ORFHEET, O, @XEH, OBEEREL LM - T

%,
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Photo 1.1.2 Photograph of data acquisition system of the CPVS ; TV monitor, time code

generator, VTR and hard copy processor.

camera M
Traasmitter
Timer L
Video Amp
't f Antenna
+20V|-20V
Battery 1680MHZ

Fig. 1.1.2 Schematic diagram of the CPVS.
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RTHIERR, Fig LIBKART X 1, NTHERA7 4 1o &, £0ES ETFEEr DD,
74N ARTVERTY VT « 7 - FEEOKR TR (10mm X10mm) & TV 2 5 DHHR
DR BRECES R, BEH LT 4 VAR TN TERETA IOk > T3, FALTY
57 4 A%, BWCEBAMmM Y — X —7 4 L AT, EECIZYY o vEE (KC-88 : 518
B KK) &, BKABEYHELTH S, AR XD, KLY 4 4 AT ETRIEEERE
D, BTN TEMERE L Z EATE D LRI RSN ENERTETH D, BAET 4 L L%E
DL, 107 4 V2 2EE UHRIh AR TFHEZEREY L, RO 1H/HETY 4 4 2 %10mm
Ex LFH LT 4 A AERS IS HIBFELRVELT) IORBRELTHD, 74 LADES
R, ERLHCHRVWNIDC ¥ v — Fe— & — (MAIBI6MID %68 L Chaink A LT 4
TR TS T B, 7 4 A ARIE300em T, 504, BE 15km ¥ ORI+
HTHS,

/~ Electric light

Window

Film dish

Winding mechanism

TV camera

Electric circult

_— Battery-pack

1.6GHz FM Transmitter

Fig. 1.1.3 Cutout view of the CPVS.
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B0 OBEBERN Y L v A2 e ARONH TV » 2 5 (TVC—3110 : Koyo) TH
B, 124 vF TV E= 2 — L CORAMHERII0ETH D, COBRKINYL v Al THL
X 0120650 H600fE DB CEERETH S, TV 7 2 5 ORMEHEFERBEHI0NL 7 A L O/
EMECDT, RFBGARD EHE2.5V =y 7 ATREE D MR FRfem & e L7,

TV 7 2 FHhHOYFHESIT cut-off frequency=1MHz ® Band-Pass Filter % L Ty %
#IFE L, Video Amplifier THIE L7148, FM %ERIC AN T 5, FM XEBOMEEAW B
1660~1700MHz DD 1 HBE IR TR Y, FOREBNI0.6WTH 5,

BIFICIZTE20VDC, 0.45A ML) e HAEMEFEM L, Bl bR I B AR Y VT
CEFEYRIEIRVWI K, VYV FREDNICE D ()i,

BFERBEECHSRCS X5, 7— FUECY + vENTERYEL R L, —
5, BHEHEDO Y, TVIASEAERIO= v 7 e 7 AFRBRBAF 2 —AFONCERL,
EKRONIHHRELTH S,

EWT TV Vv F OB+ % 8T Table 111 KRB TH 5,

Table 1.1.1 Specifications of the CPVS.

1. RFRME
1. HTHIER 30065 (on 12inch TV MONITOR)
. (10fE x4 v v AR
2. HFWINA Y5~ 108
3. BEWEER. 405 Lk k.
4. BKLT DHE Sismy
5. EFAES Black and White
6. TV CAMERA 350 fine (R
60 Hz (EH)
2. BR*R
1. 7 #EZAREED 0.6W
2. WRXRRBHN 1660~1700 MH: DD 1 ¥
3. EF AR DC~ 1 MH: (— 3dB)
4. FEHEK FM
5. AR 4 MH:BF
6. EfET V7 FEIE 0 dB

3. Bt BABBOW (£20V)

4. HTEER
CPVS #p16X16X58 cm A4 2 kg
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(3) EERE
BE10~15km ¥ CRERT 5 HE, BRTTV Y v S 2 RHHBRERE T CERC/FET5
TENBERIND, FTTHE0~—A0COEMT, TV » 25 DOEIERER, 74 L A%EX IR
MOBIFRER, EKETTO7 4+ A AL, REROHT, BEERBRYT -k, T0O%K
R, —0CETTV I AFLIXREFRBENELR, /7 4 NV 2EE ETEE S ERCEE
5 EnMErD LRI, REROXREENEL, REHE(LD Fig. 1.14 XV Fig. 1.15 R T
Isw, thZh£0.1W, £ 2MHz NI 0, EALMEORVETH S Z L1 1D

bz,
1.0

TRANSMISSION POWER (W)
T

1 1 i 1 1 1
000 =20 0 20 40 60

v TEMPERATURE( °C )
Fig. 1.1.4 Temperature dependency of transmission power.

1690

1685

FREQUENCY (MHz)

1 1 ] 1 1 1
18805 =20 0 20 40 60
TEMPERATURE ( °C )

~ Fig. 1.1.5 Temperature dependency of carrier wave frequency.
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@ HRHPHROKRE
EBRT TV V'V FIC X o> THARBICHE LEENTFOR» SAKPORBE L RD 5T,
: Nr ’ ;
YT TS Wre) EG W (10
nr 1 By ONFOEBKEE
Nr @ BURHM: D CHIEIh 5 ¥R r ONTE
S . BEARERE
V I VT LEREE
v, I Ry ORFOE TEE
E@V) ! VFERHEEV DL EONEr DN TFOHIELE

TRbLIND, BNTORHE, B TEE L, 2V V7 EAREV LEXTERTE 20T, M%)
RE (r, V) Db IZHBREZRDDZENTES,

ERTF TV Vv F ONFRIREORE R, [KEWRITNLRIE BT - e, KO
L EA (Ranz and Wong, 1952) S ERMIC LB b o T 518 3mm O Y K VRS
REEENT TV Vv hk—EkiH, Sk ebRmeEN L, toRhBTH LIt is
TERTF TV Vv F ONTHESEY R, HRECHERT 5 BKEONECIBRL~ 7 * v
v A (Maruyama and Hama, 1954) %\ 7z, Fig. 1161V vFIZ X AHRERN ONE L

wor e
- /”’
I”
.
L B
8} e
z g,’ a
w a
S |
i a/
u 0.5F !
1
=z !
s 7
= [
tJ) i n’,A
3 1
3 r !
o P
- 1
!
]
1A
00 : L 1

1 1 1
0 10 20 30 40 50
DROPLET DIAMETER ( pm )

Fig. 1.1.6 Droplet collection efficiency of the CPVS at airspeeds of 3 m/sec(/\), 5m/sec(QO) and
Tm/sec(]).
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RELOBGFETRT, BRERZ Y VvFOLRAEE®ERLT, 3, 5, Tm/sec DHAEEHI,
FEAIA, =, MATRDLINTWS, RER X > THIESERSAKE BT 2\ AS
hiz\, BEDO YV VFOLRAEEIX5m/sec THB DT, SENIEE 5 m/sec DEFDHIZIE T
RFELI, 30pm P EDRFIZONWTIE, BRIV FERID AT YERNAZ VDT,
10~30p m ORLF DIFERBFT DI L% SHE L C50p m THITEGZIN 1 10ied L HE LT,

1.1.4 RIBEBROBER

BHT TV VFEV—v 4 VYV TFRRA—RRCHESE LT, ZOUYEENESEOBRINE
177z, BHIX19864F 5 A30 H R (BBIEEMN) CTfibhi, TOROM EXR
KK % Fig. 1LLTERT, BifatE 5 5 LEKEN HAFIEOERERCHRIEFEL TR, &
EBHE L0k, PMEEECHLEFOESED DR EN RIS BREOBAET

Btz
0300 30 MAY 1986

=i
s,
>

- .1000 .

]

Fig. 1.1.7 Surface weather map for 0300 JS.T 30 May 1986.
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EHSIRIL0ME 165 HER S R, Fig. 1180 SHKD LR MEATRT & 5149 5 m/secd b5k

BTG E L TEEGEE12km HE L, WEIhALKE - BE - &A@ - REOHE T =
74k, ER-FHE-OKEOBR S hioGE Y Fig. 1.1.9R T, BRALHAKER, F20T
BE X 0 EWITCHREIR S hics’, EIRIImBE CENBRBEOEVSDOTH -1z, Bl
MR TFOKRER CKEDOHEIRE) ¥BURL - BE - [JEOBH & LT Fig. 1.1.10 ©iR
ED '

L1.34) Tk v 7 ON TSR L, KKROLAFEYAV-C, Fig. LL10AS5E2N - X
OBIRE - KRS ROz, 2L, VYT DKGDOMIRDR B ORMILRR &
CE{RE L7z, Fig L1111E, BRIcoWT, 0.5~ 2km, 2~ 4km OXEOFHRES %R
3, BROKEEH10E/cm® (10°MH/ 1) L&D TUEWER L5 T\, THIZED AT
LEDTEH LIcET, ENTRIME/ cm*BETH -, BRONESMIEEI X - TKER
potz, Fig 1.1121%, XFEEoWT, 4~6km, 6~ 8km, 8~10km DX COFghELs
Ak nd. Kb OBBREIBI0ME/ 1 & HBHRIRE TH - . FICHEE.3~6.8km, KR —12
~—14CHIETIRIMAE/ 1 LIFFCREDE V- KEENBA S hic, Fig LLI2x0H L0 X
51, BEMEL TR O THNESTIRA Iy, AT KEkE (G AHEmL
TW5,

15+~
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el 3
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0 L 1 1 1 1 1 ! 1 ! | 1 L 1 ] I 1 ! ! | 2 1
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Fig. 1.1.8 * Ascent rate of the CPVS.
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30 MAY 1986 0416~ 0500
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Fig. 1.1.9 Vertical profiles of temperature, humidity, wind velocity and direction. (c.d.): cloud

droplet region, (r.d.): raindrop region, (i.c.): ice crystal region.
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Fig. 1.1.10  Maximum dimension of cloud droplets(:) and ice crystals(sk) as a function of height

(temperature). Observation time is shown as a reference.

Fig. 1.1.131z, ¥ (d<50pm) &kl (d<lmm) DZIBEE & CHEERE (BKE &2
KE) OPHESFERT, 2L, BE 4~ 8km Tit, X&% hexagonal plate &' L, 8~10
kmTiZ column & LT, KRXAVTKEOKES d (cm) HOKEDOEEm () *RD%,

m = 8.25% 107% 4" 1.1.2

m = 2.37X 1072 & (1.1.3)
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cloud droplets. Fig. 1.1.12  Average size distribution of-

ice crystals.

Q1DRBICALDRIKFHD cHhE aMORIOEEER LA, KEDOKE S L bulk
density 12 BIF 5 S8 (Pruppacher and Klett, 1978) #s bt Ui b DT 5.

Photo. 1:13-1.16 4 EETERT TV Vv FE I - THA I W B - X&OFIE R
T KRG & A ERBCREE S ARG & T, £oRREES S LB ERARNFIR TRE L
b EBbhd,
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Fig. 1.1.13  Vertical change in number concentrations and mass concentrations of cloud droplets

(soiid lines) and ice crystals (broken l@nes).

1.1.5 &8

RETIL, EORYEEMAYEENET A 0DCER LI TVERTF Y VF VAT ARDWT
b L, RBARBROKEELER L, TBRBRORE, TVENT V¥V F s 12km M L0 #EH
FEn > BEF IR BRI T OBEH %M LT B C LD bk, i, ZhbOBE I 5
TEREST, Tem P EOBRBSION0em M EOKFOFRE - NESMORES M, EK
B EKREOREST, REHORESTEENT S LTI E k-,

SEOMESL LTI, BRTOWRET — % OKBLER DS, EHEIROKBVELET 5
Befe 7 — & Db S BB & R TS B HEN D D, B BRI % >
AT RO ANRD CERSBUBELLATHA S,

E

TVEET Y V5 OB, BEBSHRSIEDS 4D B i SRER L E T, *
Tz, TVERTV VFRBZEL TR, BRKBEDH A IH I Wt EXE#HELE T,
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~2°C -2°C

1°c : 1°C

| mSS0EE WD
~2°C

Photo 1.1.4 Examples of ice cryatal images.
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Photo 1.1.5 The same as Photo 1.1.4 except for different temperature regions.

-14°C
Photo 1.1.6 The same as Photo 1.1.4 expect for different temperature regions.
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1.2 HMZEHEATRTAEEE (AVIOM-C) *

(Development of an Airborne Video Optical Microscope for Measuring
Cloud Particles (AVIOM-C)

1.2.1 ELE®IC

ELHRHOBICE T, MR L 5ENTOBRNIFCEESE®RY S > T 5, Thid
Bz OB X >, BROBELTERCBORE T EThb, el bERT A RE
3 %5781 Knollenberg (1981) 12 & % FSSP & 2D-C 7' v — 7 OBIRIC L - CREBEHCHES L,
fhd7 AV BOPMSHLLHE IR, < DEATHEH IR TS, FSSPIIER FI X 5%
BEEFA LI =T 4 ZAN Y v 2 —THY, L LTKEBEOBRMCHCShTWb, —F
D-CRENTFEEHELE LTRETSIDT, H4DRFEEthrthMiL Lz “BiR" 1T
MT @3 5RETH S, ChHORBRIBENTOBRUCEIZHEL TV 55, BERADRA
BEKTFHAKTHEIKTH DS, DF DENTOMCOWTORNESEShis o L Thb,
B2 FSSP TIIEBR L KBORFNZTE /e, 2D-CIIRE LT TFORREEHLTED,
BREKBDOEHNTEDZ L\, L LEBRFO X SRNIBRFIROWTUL, #ehb
TORFORREE V2L, MEHHT5 2 L ZHEERCRT S, BRAORAIZ, TOHETIR
100 mBL EDO B K Z N T LaHBIcEn2 L ThDE, BROEIX100p mELF DK
DEBHFETHIELDD, FRBHNEKGHIETIZ LD S, &5 L EREOHEE
BERERFELYELHT LD, CORDBEENEETNTWBLIATHS,

B AREDOPFE DTS % FIL 72 Johnson-Williams (BH5 J-W) EREEH AL VWS h
T&h, TOERETIR, 30pmH LOEN Y FAREOWEIR, BENTHZ EXAAOR T
%, Gayet (1986) 1€ X3, TR230pmbl Ficie s &, BB Ih L ABRERET HH
, BOKRMIZ L > TRERESh, £ORR, BREHEEOML h A7 kbE w5 LT
BB, TOLIEREEBEETHDTH LR LD, MeBAEN FRERE (Airborne
Video Optical Microscope for Measuring Cloud Particles, B AVIOM-C | 7 €4 & - v—) T
»% (Tanaka et al., 1989), T DIEEIERT% “Wia" Tikic BE, XEEHEE THE TS
72, 5pm ETORTABATETS S,

1.2.2 LATLDEE
EBIL 3 DOFHEHhrh, OENTFRET, OEBHETR - iEH, ORI, DER IS,

% MPEE (T. Tanaka), AR #HH# (T. Matsuo), M HEE £ (K. Okada), iR A (L

Ichimura)
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- CCD

->_—E—xt—waust
_ -

Fig. 1.2.1 Schematic diagram of the Airborne Video Optical Microscope for Measuring Cloud
Particles (AVIOM-C). The dimensions of the device are 250(W) X 450(D) X 250(H) in
mm. h: hood shutter, s: sampling shutter with a rectanglar window (TmmX14mm), g:
glass stages, m: optical microscope, I: light source, w: wipers, d: blower of dry heated

air.

Fig. 1.2 1 QR FRHEHOFEEZRT, ARV AZOAND A>T HERFIR20DY v »
2— (h&s) WEIDHFEIh, MEFZ 2057 AH (g) CHR - fEFT 5., F—D7 - F
Yrwz— () BEZOH VIV VIV e v Z— (5) RENTFOEE - B, LHELTHE
BaboTWwb, BODY vy v 2— () BHEFORBREYFD, 7-Fv v v 2 — LHBLT, BN
DERERMLERCHBL, 5t 1/10000H, BBI®D, TOV v XL, iz
DEETRITT B, —~ERLSEBEOBNIFABECHEL, He0BELTHENTH L
TER, TOFVTY VIV v & —DOBEBBLAENTIX, ¥y v & —H»H25mmEET
BT HERISmMmO N T AMORK (g) wHRTs, BERNTEERI®Ly vy v
Vv XB—DEML, Vv X —ORDEFCRBELET VS () »SOREEERZT T, RE
CHRBHTANEE LTCHIFAT S, AREXERISOmmDEE F 7 A ORI 10KEE L TH .
h, QHIEEE,»LOEBI Lcs - CTHRINKEEL, 1. 488 LW ABR2BH T 5. 308
m|iE, 74— (w) LRAFZAVv— (D) TEherkl, BEOFHCMZ S,

ARy Y 2 VBIIROBMIE XL ABKRAEN KL THD, HRLLENIZ—EDEMAY
Bo CTERREAET S, ARHCERINCENTFRIY 7 ARYBA L TEA»OBETES X
5, EEREEFS AORMNC, 55X 50X L v X (Nikon M Plan 5) & =2DEAT Y X A
EAHLC, AFEHE (m) ARELTHS, ERVVAOMERCCD EF+H 2 TR A
v, BREEYEEy — 7L TERCES, 2103 b -2 %N LT, BEBEFROCRT &
HEAO VIR clilfE 3%, CRT Bl ETRENTOM, K&EX, B, B2 0P THEL, &
¥ — PEEF LT ERIIESECVIRCRET 5. S LTHEMEBERIIFERETVTROE
SEEAL, NTRITEE (PIAS LA-500) w3 T35 LA RS,
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1.2.3 L AF LMEERR

BEC 3BT ORI TTEECKET 5, L L OB HEEORGE
EAMERS0mU BB\ T, RS pm EON T 3IFI00%HBRTCED LO>CHFLTHS
(Ranz and Wong, 1952), = DM:RERFEMT 5 -, BrIr BN OB EE R O RENE
BChB, BERRE A LR L TR I B TRERRC X - THEEY T,

(1) 3R

EERAFRNCEEYBE, FEWHI) AhODRURAE EORESY </ 2 — 2 — % FAWTHlE
Lz, AW ie@mB AR R A100m/s % TOREN B Hh D & 5 FEt Sh, MZEOTRITHEE DH
FEZ TN —TELISCHARELLLDTHS, HRELYIRTHY + v £ —HEOKH
X, TOXRBRMS, RRBREU. (TASKHY) Loy v 2 —KEETHHEU, L ORI

U, = 1.09U. 1.2.D

e BB RO DR, B 09IFRE L OWMES RN RBECE LV EERLTW 5,
R BRI ORI D e DB R Y IV TATOBR BN RE S ¥, ERRIR
B S RTe, FOR RO EMEE CRR A RAECEET 5 - L v R L, RN L
DOHWAKEDREIETDOER DOKRE X LOBFRIE, RPHEOUBEC X » TRLD, TOEEBEDR
BEZ Y S ATCY ) 2 VBIIERBAT A LR L > THBLELDTH D, KO ODERIC
Lo THZEDKE ZOBGREY T, — DRI 5 Boki oA ORE, io—ok
BIRED 57 - I oK L ARE ETOJRA D DRUTH D, EROKER, BROEE d LARE
ECOERNO BT EOERD L O,

d = FD ‘ (1.2.2)

TZTFRBERET, BONIEIX0.673TH %,

ZhHLDERMLBHEDOTATEE CERT SR, COKBETRERES pm DL EOKFIZOW
THERA1THHZ L, JEHAIZS pm~150pm TH B Z EHGh o T, BEE i DRR DR
MRE (EAMEREY D ORI DBENE) N IKRATELIS, '

Ni=mn,/ EUSD 1.2.3)

C:Tmmﬁﬂﬁkfﬁﬁéhtﬁ@iOﬁ?ﬁ,E@ﬁ%i@ﬁ?@ﬁﬁg,Sﬁﬁﬂﬁtf
DEENS &3 HHEREL. 16X 10%cm?, ¢ TR 1 /100s TH B, BARELWC X Licd - TK
ARTRKDHIB,
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LWC = (1,/6) no SN & (1.2.4

I ToRKDBETHD,

(2) ATk

AVIOM-C OER TR IMZE « A T 04D RIRCALE T D ) — X0 — T2, BREEY
Jr LUCTHRD 72 (Photo 1.2.1), BARHZESUE, B O%D B2 LAERIOMm D1 Sl L
T, COBEIICEEERT S LAHNES, Fig 1.2.2 KBHTHEL g0 —fl% =1,
Fig. 1.22 (@) ZEHN OK#) 0B4, A b) BKEOBETHD, BERIIAE, KR
BORERC HoA % AREIIRITHRERIZ19864E12 A 24H , AVIOM-C % 52235 U7z & A 7 404FU e
X o0, ALE EEOBREC O UTiobhic, MZBEEe T BIRED 2% KERIT UkS
BAERELE, ZOoUnBEXYTRL, ZBET THOBSENEZER Lz, KIC1IK40, =
ETHBLEDFICAY, BEE ETKERGEIT, B CEOFRE T LA LS HOKFETR
fTotk, EIEE FE T LA LTKERITIER - .

FAB VI E 22 C O BB & HRGEIR A 1T - 7o, EIH E22 T O 22 M A CTrlbL i 8
Shichotc, ETARBETTIE, BC L - THRANENINL LI -, BOHC
A% & NI BE DA - 7o BR A LTI i, Fig. 1.2.3 130 € = 2 — ) CRT ic%
RINTCENFEBO—BEBOZELE/RT, MREIADTH S, ¥ ARGHCIZERCIET S

Photo 1.2.1 An inside view of AVIOM-C installed in the nose compartment of Cessna-404.



SEIRATEARE H298 1992

Fig. 1.2.2 (a) Cloud droplets observed on 24 December 1986 over Hachijojima.

(b) Ice and snow crystals observed on 25 January 1987 over the Sea of Japan.

B AR DRI RERE T, Fig. L.243RITC X » TE D IcR RS M & RENEKRED—FIT
BH5,

MR LI BN OEERONES M, WTIh B THE, hymirEEs b ofliES <
EFAT T EFELTRDELODTH S, FERIETAH TV v 2 —THlrn—Fav—-Th5,
KESML7 vy €©—F 4 A7 EEBELDREGERY b L0, fBEORITT — 22X LD
GEREMOT —x L, <Y 3V CHEH - ERLICDTH 5.

DEWCAERE L J-W BKEF & ORFEMO/RERERT, Fig 1.250a), (b)ik AVIOM-C
L JWEKEH THELACEREDORHE LT L ERRT, MEBEOKREY KT 5 &, RFF
AL L =B LT, L LEBKEOECIIASIECNED SRS, WHONEHE
D10 E TI{ED B FE O BITBGREY S L D00 Fig 1.26 ThH 5, KbLH LMk X 31C
W5 L EARBATRIC B % 2 AVIOM-C TR 1K EIZ]-W TR A X b 5455  Ix B HAMR
BDhhBH, TORRERANB0, AVIOM-C TRD Iz EKEHME 4« DB ORI EEOYEEH 5
BAHLIETHDZLWEBL, ROF — X177, [ CREE % VT30 2 mELF Ok,
T, 0pmBIFORTF, BIOCRKNTFROWTERERNBRINOEKELRD I, Fig. 1.2.7 135
BEANEKEDORRZ( a2 R T, —J7 J-W ZKEFHE, Gayet (1986) DIgHT % X 5 il o 5
B DERPRFEATCRIMIC X > THIN, 30pmI D RELBFRFEETLESTE, BAE
EOi K REAEAID %, SEHOTEHEDOE IR LT OHERMEENT 5O THLNEL
EREHND, -WEKENC X 5 AEMEOR-ZA L 10 OB FI9% e L 7z D23 Fig. 1.2.8D
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Fig. 1.2.3 An example of a time series of images and size distribution of cloud particles captured

on successive stages.
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Fig. 1.2.4 Size distribution of cloud droplets and contribution ratio to LWC.

v AVIOM-C J-W
.4 ]
e ok 1 o
E E 3l ]
o E
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= 2.2 ]
-t wd
1} ]
J1f ]
ol s 2 il 1, L I} L s . L ¢
48 42 44 a6 48 .58 .52 .54 48 42 44 46 48 58 52 .54
Time (11.40-11.54) 24Dec1986 Time (11.40-11.54) 24Dec1986
(a) (b)

Fig. 1.2.5 (a)Time series of LWC obtained by AVIOM-C. (b) Time series of the J-W hot wire

device.
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Fig. 1.2.6 Relationi between LWC by AVIOM-C and LWC by J-W device.
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Fig. 1.2.7 Time series of total LWC and partial LWC (<30, <40¢m) measured by AVIOM-C.
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Fig. 1.2.8 Comparison of LWC by J-W device with partial LWC (<40xm) by AVIOM-C.

FERTH D, R AVIOM-C TRO A0 mP TOEBRERORLTHE S, HrbH LR
X5 IHEOBLIMEDT L —8T 5 L89B, ZO—BE, J-W EARET40p mbh b
DEKTHHHHAETIL, BE~OHERBIC L v, BRKELE L BT 5 THEMEER L
TwbERBT ENHFES,

CORERIL ] WEABHOBHERAY R LT Wb LIl s, oF b BAD X 5 CEESH
¢fk%ﬁ@#&ﬁ%ﬁéhb%mﬁbfm,ﬁ%m%tr,%m&%&%éﬁ%ﬁbé&me
ZEThB,

1.2.4 &8

W2 e P TS I AVIOM-C 4B Lie, & OB I T, BA® 5 pm~150um O
BRI HDTNTOERT (B - ki) 2MEBELTEBIENTED L T, VT
Y v 7 OB A TE Y, BEORG TIOMOKFESMELRT. ZOEBORAKDF
BN TEREBEELTED 250D, BEREXKGEIX-EVHNITHZLNTED L, $1Z
hF CHETE 7eh > 71000 mELFOXKBDOZEEBRENEDNDZETHB, TOHN, BOK
HEWEEZEZ D ECRERBRER - TR, 58, MIKkBEEBREUEE, 5BE, BE
Ein EOBROBHERBICENI Y RIET 0L EL LIS,
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SLEFEBOUEART, BREOBIMEL RN DAL FHIR TV 5 -WEKEFH OE
LOSELSVRERABLRTVS, Thatd LB s LTS BoBIc s\ T3 3D
LBRBZLETHNIE, HEDPLEL DR TV DRABEETEE TS X >0t &g bl A BBk
BOBRTH S,

&!l

F=3

BB A T HIESE AVIOM-C R KL AT OB E % [ER O OB BRIF OB
%) THRIhALDOTHS, COPRITEOEEN LAERELFFML, ZHEL O iinicy
BOLEZREE BEE2RIUDETIERECESH LG, EMEEOTA 754 P
HEH5E 2 TN AW lBRIHZE () S NHK—-TVAHBOHET 4+ V7 2 - FRFEET
B,

2 £ X ®

Gayet, J. F., 1986 : Calibration of Johnson-Williams and PMS ASSP probes in a wind tunnel. J.
Atmos. Ocean. Technol., 3, 381-390.

Knollenberg, R. G., 1981 : Techniques for probing cloud microstructure. In : P. V. Hobbs and A.
Deepak (Editors), CLOUDS Their formation, optical properties, and effect_s. Academic Press,
London, pp.497.

Ranz, W. E. and J. B. Wong, 1952 : Impaction of dust and smoke particles. /nd. Eng. Chem.,
44, 1371-1381.

Tanaka, T., T. Matsuo, K. Okada, I. Ichimura, S. Ichikawa and A. Tokuda, 1989 : An airborne

video-microscope for measuring cloud particles. Atmos. Research, 24, T1-80.
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1.3 MEEEHFIAI—A /ISR AT LAORRE"

(Development of a Measuring System of Cloud-Interstitial Aerosols)

1.3.1 Lol

I AST % KB b Ot = F ¥ =MD 2 WA TH LI kT, IR E (H
&b+ 5B NS5 (Budyko, 1969), KEEHW T 5 HIRKOBRE 7 VX — F23 2 B UicHa
LRABEOESLAERING, =~ VNI L AHBRABEARELROME L, HKOKRET L
N—FOFELEE L CEALYEDTE,

THhETAEbhTELE L OPRIE, BORWARFT, =— v VAR TFORRIN, Sk

ﬂﬂ%ﬁ®ﬁ%ﬂﬁm&&?%§ﬁﬁ?éﬁﬁﬂi¢LT%to—ﬁf,%®%5ki¢ﬁ%%
LB BhRE” 2D, BORSELET IR LWHEENEHRIRTWS (SCEP, 197T]), &
DM EBOBYEMELE LD, TOEE, —HTREORHEHEE L, MFTIXEDN
RYA 7 NVCEBR 525, BOWERY A 7 V0%, £HRPLRIBOFELE LTOERE
DL DT’ B, LL, RCZOEZESEM L IHEOMREBOBHNLEEL DL, E
BEOBINC L DBET VS = F3HRTHH, —HCHERLSFHEADOREBHEPHT 5709,
EROBEINGZ~DEEI T B ERT VLD LR TFHEIR, BELAR, HRIC I 5EK
DRI BOBYEBELLEL, BOXIHELYHAXICLHRTH D, EB, Charlock and
Sellers (1980) 1%, Twomey (1977) T/R S I ERH & DK R OB A S O — ROt &
WEFVCHERL, =— v VUHMEHT 5 L EORHEEMOZECREN.IKBITHL
ZRLIC, Wi, SR THRRE LT, =— v VA ORINEIE LB/ LT 5 &5t
¥ (Kellog, 1981) & - T, FEKIEM L & B RNDNEEETITIR,

B TRIEEND Z L3, SR = — = U QNI BRI D B B &
BERDIETHD, RICEAND=— v VL OFFENOIE &\ » I KB 77 — 2 NELI 2 H
ThHBH, TOHE, EOHTO=— v VABIRRERD DITebh TV B HE TR RIGTE 5
2, BEOFO=— v VDWW, BHSIRZHD TR, IEHERLEHETZL T\,

ABFRO B, Bz X 5ER = — = YL (cloud interstitial aerosol) B CRIE 5,
EN=—r Y VOBEANDEATTEYHTITHZETHD, TORDIC, BN —r YL ER
FLOBETHFREYRAL, EEO=— v VVFHIRCEL DO S EEB YR L, EBOM
R X H5RBRBAER T, TOUEOHRYIT- .

k #hE=F1F (M. Ikegami), FEEAZ (T. Ito), $RAFHE (I Kanazawa)
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1.3.2 RKEDFE (ERI—0VILERREOHTRE)

W22 B = — m YA DWER T S RER - TE5R< 2, 3%0flvRBL 51
£ T& 7, Fig. 1314, Radke (1983) DI 1e HEE DM & =T, BRI & o — 0 VAR BAT
REEBADRT Y VAKE (900) KIRDAD, EHE TR L CREREE LI, 25
FRBERT=—m Y LRFHIL TV 5, Radke BHIBNTWB X 51, ZOHFETIZI0sm
LLEDOZEWIIEREI DD, 10pmE DA IWERITIER == YA L LTHEIZAS 25 K
RBD %, FHTEAEHNCHRINIBRICHT HABNE SR TELT, BAEDSWE
DEEBENCIE > e BRI BERET HBNLD 5,

L | MASS
) monitor | O-O1-2pm
ABsoLUTE 8| FREE
FILTER PISTON ELECTRICAL]
AEROSOL 0.0l - lum
i j ANALYZER
' DIFFUSION
MTERY
OioRveRy || [ATTKEN
gpélENLLESS %4 NUCLEUS 0.01-0.2um
SIcEL 0z COUNTER
CYLINDER —] ——————
_] ASASP-X 0.09 - 3um
L LAS - 200 0.5 -
AIRCRAFT ] Ham
T U
'Jb> AIR
AIR INLET VENT

Fig. 1.3.1 Schematic diagram of the system for measuring the size distribution of cloud interstitial

aerosols on board of the aircraft (Radke, 1983).

Hadson (1984) 1%, %k 2EHO T EYRLIz, Tihebb, (DMZEOETH TV ah
LZEgRI Y Ah, EfCHTEYBETI Ll ), BNTOFE~OEREEHRZFALTE
WFakETS, QMO THROMBRETHW O bLEREMY Ah, ENTOEN
HALTCRBEEr OB Y DT S E Vo itk L 5T, UL, (DDOFETIRE
BRI LA E &S5 ABE LD RETH D, (DDHETIREKS| 00 B CHEHME LRI
OFRINTFEEIN, EROSHENGR LB > TwEH0E 5B cEinv,
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fzedic X 5 ER - — m VABRRIO D ORI Bl - Tk, (D=—r VY VOREHA
EEEFRI L S IREERS | MADWAOKHEE LR LT D) 25752 &, (QWHEAD
%&«®I~wfwﬁ%w;%ﬁ%%@ﬁ&&<?a:&(ﬁ%ﬁ%ﬁ<b,#oﬁ%®ﬁm&
ST 5), QEBRERBHCEDINZE, DBERNE=—m N EHE I HHETHZ L
BREEFPCER LI TEYHALT 2 NERD S,

Wiz 3517 5B & B = — v VL L OR G R 2 HEAEC T3 LA ER R s
W, Fig. 1.3.21%, BhIUKEBHC D > BREA TR LCEN E -2 YAV TFORA LI
KB OV T ONESMHTH D, BRNOFRBRLY BT 5700, Bi|F 2 — T2V T,
FBHEIR TR A DEOFZ B NTHE LIFITH S,

1000 T — T T T

100

10

dN/dlog D (/cc)

Diameter (um)

Fig. 1.3.2 Number-size distributions of cloud droplets and cloud interstitial aerosols.

CORBEHTMIERW 1 pm OBREF, Th X b KREM &R > TERERKL
FRBERL TS Z &b b, MIERAINED > TONTFROMKIE, BEOAKR=—1Y
NONBESHEELNDSDERLTHS, KK=—r VA0S, EE1pm L h KEEM
Do T, MCERR TR LI X S, B L LN FROIBRBIBMC AT 5, & OB
DEow, BEELprm X RNEMCRED > THEBEIBINCKR FRAHE KT 5013, BEOER
DNBHIHACELNDIDTHB BIziE, Mason, 1971),

BEHBEZONErbERTNERR = VYV TFOERE, H1mUTThs, BEROS
GLEE L pm U TONFAEEBCS W, —F, BNOEBNSEIERS pmk b kX @]
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%1%, Mason, 1971), #t o CTERE = — v S LDHHD DD D » b 7REUL 1 ~5 pm OF
HCRETIE L,

W, =—m VAOKBESENE, T4 A x=FEREA VA 2N TTR S, L, &
M L TWAERNEEN=—r VLOSHICIE, 202200 ERVWTFRbTEXTH S,
T4 AR~ DEEDHSNIERILT 4 5~ ECKER DL B, 1 V57 & — OEEREZ
kLD B, ChBICEKTAHC LD, KPIEESH TERET HENE D5,

L EHELFER, X—F 4 A o2 & — (virtual impactor, virtual separator & $ & 5) T
BB, NEDHORIZ, BEOA vz 2~ EAUL, MDA TRELEIED, KTFD
EUEAFIH L OB EER TR D TH D, WHEDA Vo7 & — OERENICH YT %o EH
WHEE DT, #@ELL2R (F3md TithOE W25 2Hemes: LTS5,
WRIEE LTORBA oA Vo8 7 2 — LW S FIRT, virtwal W SEEAVTV 5., Fig
1331, N=F oA Vs 2 —ORBESEOFRE AR TR TS 5. MU IniE w2 EAE,
QAN ER OEAEIEZ D, QUENCIZERIIA - T2V, QDI ORI A HER I TERND
IS G F TR AR Y Bk X OBMHICRBA Lc R e BT 5 BHReBs o tnTES,

Fig. 1.3.3 Schematic description of the separation of particles by a virtual impactor.
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Ogren et al. (1985 IBRDOFERIC L b, BROLFMBRERND Z L 2RA T2, FHOGE
i, Q ORhDOEZBPUERNE LIS,

NR—F e VA VR 2 —DFEIE, W5 F T ol LcERN 2 RINCES I T 2 & B
TEHECHD, L, TORMIEH T, BHEDA v 2 2 -DBE, HSHzIROE
MBI TS fTiebh Tk Y, Tl RGN HBCRE IR TWw5b (2, Marple and
Willeke, 1976), S — 5 ¢ LA V%7 % — DY, HHEIR A JET D I dIC BN T OB %
BDAFBROBEBREMENT>ZDFET S VWD, BRUVABRFIIR T bR Ty
(Loo et al., 1976), #» T, TZTREEDA V7 2 —OREFXELFHHLTA—F v L1V
Ny 2 —DEERTRITI, B X ORI L,

1.3.3 E£BOHBR @&ELIERRE) .

Photo 1.3.1 1%, 4 EEAF L2 BIAEN = — v VVRIE %, o FHOE IR
BRI A A L TR, BHD 2 K01 AR ST L WET, AR EERRT 54
CHVSD, AROAL TRA—F 5 V2 2 =W LBRETH D, 3EAD 1 T i [EH
LTV BERIIL, 1 FERZBEOBCI D M1 57dD b DT, £ AF404, =T ra<y
# — 680D Bl LIEMOBO— MO FIFORD LS5 LTHDH, BEMA DL, FZEEH
h S 9emih T b, Fig 13413, BR=—r Y AVRREOERE =T, MEBEONSHEE
ik, 100m/sHHE Uiz, WESR, vV 77 - DORBBEETHRTEYER L THERY15~200
/minOFETHELZELEL, TOLDREBMANOERY 2mmé L, NEEEI00m/sD 5
4, 18.80 /min DIfE LD,

AR

Photo 1.3.1 Inlet for obtaining aerosol particles in clouds. A virtual impactor is attached to the tip

of the inlet tube. The impactor was surrounded by a heater.
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Fig. 1.3.4 Cross-section of the virtual impactor for aircraft measurements.

FHBEE | %ATIR 5 fedicit, THRMOEROEKESN LB e THLERD D, AR,
BN DOWMBBENDAE BT e e bigvs, SO, AOhLT T — A TCHREOIKA
ZITe 5D, BRICIEK L RESE, 22 o TEKERAHE L, FBROEBE~DAEN
D, BREHERNCT DI, IhAA 6 E1ESTHBH (RE, 1961), HEERE TOH
BEAETHILLBRLT, TITRISEE L, £326.5mmD 7 — 8T, &% 2 mmds
5 8mmIZEA LT3, 7 — Y& O COWREIL6.25m/s &i55,

ZREBPICE LD OEO M L D REEHRI/ET, PRV ERES|OBEEL BN D
BHULJE M O # R L BEREO2.5~ 5 ORI LD L TRAIMCTHIENTE S (RH,
196D, TZTiX, MIRFELERDAERTE 51z,

F O OCRTET 58 (KNP B) 2ith 522K ED, 0.8 ¢/mink75 X 5EBD
THRATHSGT 5 BNCEA LB, KB E AT THRETS). chick b, F—ExH
7RO KEMS (184 /min) 1k, T—FLLhEHmET5E (B) OMclEoicd &/ (MR
2.0mm, WHIZH > THEENKZ LB LAV IS RRELL) 8- T, =—r VAHIERK
Wbl (KA TAD, COR, BREREAOFHORECEETE T, MET 58
(B) ©wHRAL, 0.84/mnOHhicE->TELTHICEIThS,

F—AEEHT, RUDEHATH > R OF AN T T A HAKBET DRI DA —F +
VA VRT B —ThDH, BEDA VA7 2 —Hiwe#MAT5 &, NESEDS0X% A v A 7REE
BHUTFOXS>CBEEShD,
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1 vy Z—DORNBEDERIIA +— 27 A

ordp U C : ;
St = 1.3.D
9 W

DRI L LTHEShB, CCT, 0, BNFOBE (g/em), dp WNFEE (cm), U %
Wk (cm/s), CixH =vH ADOFIE, 7 3BKOKEEE (C.GS), WIHERKOERE (cm)
T %. Marple and Willeke (1976) DRUEFEIC X g, HESHERRIL St Oftic L A 7 A X
B Re= oUW/ 7, BizefEs (S) LWERWER W) OWS/WIKbKET 5, & 2T o ZREH
ETH5.M21E, Re=3000, S/W=1D84,50%5 v P+ 7 DA =27 A% St & LT,
VSte=0.45TH B0 S/W BN E 785 &/ Stab/N& 78D, S/W=0.25Ty/ Stx=0.39TH
B, Fic Re AR E {75 B &/ Sty NS TR BT QBB S/W DHEE EFEE TR,
1.3.DENDHE0% A » + A 7R,

dpso=3 X\/ ﬂWStso/pp UC (1.32)

ThD, ZhiZ, SEfEolc A —F x4 A v R7 X2 —DETERALT, 0% 5 » A 7REY
BT S, SEDA—F ¢ A V7 X —TIE, VA7 AXBUL, $93600TH %7, Re=3000
DEED Sty BE - THREECITI, BHREH SIX, 77— 805 TRk’ T
e D3 EHOME 2 mm*E & 5, HREEEW 37 —AEHOOESmmEx A5, S/W=0.25
CHBEND, /St =0.39% I\ 5, BREEU L, 7 — <FH 0 DOREEE25cm/s & B P
5% (Fig. 1340 B) #¥ih 5 Hd26cm/s L DE5em/sh V-5, p,=1,C=1, n=1.8x
107 E LT, 50% % » b A 7 RRdpsl¥5. Tpm& 7o 5, BZ2BED X KHEE 2390~110m/sDIF TE
BT 5 & X dps 135.4~6.0pm DIETEBT 5,

1.3.4 HERER
1) HeeRB

FE100m/sD = — = VL% REREN TIES & L 13BDTH LW, B0 TRkE2RA T, B
HEFROEECEOIREIBOR o1, 22T, RECHEBCERE LI A3 T
in o B REWMET 5.

AE LICREVE O RE 2 AR 5 1o OMZERENE 19854 2 A 1 HITfT78 > 2, Photo
13213, € AFA0ACH D TS TH D, COERE L VI AhRBEg, HES8
mm®D 4 FCHERICEAL, ==& FCRELBCE— e VAHESRMYS Lz, 4@
DEAITIE, BEREOMIEY Rolcdic, LRORBRRE, "—F 1 VR Z—%RET
WHHREBD A T B0 AhAREEEACT, =— v VL REORMEX T -1,



SEMEMIARE #2955 1992

Photo 1.3.2 Inlet installed in an aircraft.

Fig. 1.3.51%, QM HORITEE, WRANARBEC ST 2450 (B, BARE (@
) %, T LT(QERT v 7h 7 v E—THELic=A b7 v+ CER0.1Lpm FTORF) ©
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Fig. 1.3.5 Results obtained in the observations on 1 February 1985. Height of aircraft (a),
temperature and dew poiht temperature (b) and number concentrations of particles ;
Aitken barticles (c) and Mie particles (D<<0.5p¢m, D>05pm) (d), D is particle diameter.
In-cloud region is marked by dots in (a). Crosses and closed rharks in (c)-(d) are

concentrations of all aerosol particles and cloud interstitial particles, respectively.
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Fig. 1.3.6 Penetration efficiency of a virtual impactor as a function of particle radius.
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Photo 1.3.3 Occurrence of icing at the tip of the virtual impactor.
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Fig. 1.3.9 Results obtained in the observations on 22 December 1986. Height of aircraft (a),
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Table 1.3.1 Features of aerosol number-size distributions inside and around clouds.

B W = B E & E . = 2] £ K
7 EE dV/dlog r | BE dN/dlog r | BE dN/dlog r | HBE dN/dlog r
- Gm)  (em™) Go)  (em™) Gm)  (ecm™) (m) (em™)
4 | 1985. 2.1 ~2 194 3 2216 ~2 1021 1 913
> 16220 | ~3 223 2 — | ~1.5 2084 1 B
v | 1986. 2.21 5 321 3 1130 ~2 493 2 915
B 108612 ~5 — | ~3 - | ~2 - R
Bl 1985 2.1 ~2  10.48 3 6.06 ~2  36.08 1 39.12
1 =] 1986. 2.20 ~3  88.98 2 87.45 ~1.5 88.32 1 147.4
ggﬁf 1986. 2.21 5 5.06 3 130.4 ~2  191.6 2 302
~| 1986.12 ~5  6.74 ~3  37.09 ~2  133.7 ~1 203
B 1885 2.1 ~2  0.344 3 0.156 ~2  0.578 1 1148
| S| 1986. 2.20 ~3  1.172 2 1.289 ~1.5 1.534 1 2.37
f% S| 1986. 2.21 5 0.153 3 0.579 ~2  1.981 2 2.93
S| 1986.12 ~5  0.237 ~3  0.457 ~2  1.891 ~1 2.8
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1.4 PZEREHZTBERARSABFAUES X T LORRE”

(Development of airborne Multi-channel Cloud Pyranometers)
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oo BFERTERAE D1W6EE L, BN FHIEEE L L TMEECEER L, REHRREN
wIT AR FERR L T,

1.4.2 MCP OEHMILERHER
T, TOBBY AT ARBEINTCEAYRY, TR TR FICESILDHITIL,
ED X5 REROEBRILENEHET S,

O BAROEW

£BHEREAHFE MCP) OBFREDHRX, KD 3 AR WIS,
OEOBESHE DT R ,
QEOEHBED EFAFE (BEXTHT2) OBRGET — £

sk BIFIE— (S. Asano), HJRE® (M. Shiobara)
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OFWR TORHHEKUBC L 5 EZYHEDY) E— vy vy

7, OB\, KBEROTESREGRCEERIC 7 5 BB EN: DR E 4% 55
BT LY, KBEHXDARZ PG Al LT HEOHREPOLNCT S, @QDHFT
%, B BB R HI o PRI X o TR BB BRI B & ERc B L
B L 2 B L, BT AV ORGEE &b, BEHNE L EYEER L OBGY- X X
B, @TIE, RKHKRDOWESMOBMA L, KEAKDHRA, BEOKFWES, BN FOHELOH
BERR, BARBIRERHEETHHE (VE—tevvv ) #hat+5, cOL5EREERS
TeDIIL, F+ VR NVOEREBECEET HLERDD, ZODIIE, EFAEYHVEE
eI Lo C, FEOZRYHES BHEEOBERHS NS 2 5 BB FHICICIBEL Tk &
LHXEETHDH, RETTHERBEDIDDEFAGFEOKREBRRS,

@ F ¥ VEABEROEE .

ARRKE, FEECHN LTREWATH S0, AN CRBRINE#EY 2 L3 bR
DRI ONR A BN ES T8> T D, BIRDOH I FOHOERS, KEKETRETR
5, BT, 1.5pmBO 2 pmfPE ORI BT HENFEETH B, —H, KEKLTHE»S
WASHRC T T S F K ERBINHE Y S - T B, 205 BABHEORNZESLE LT W5
FWIEE, 0.72, 0.82, 0.93, 1.14, 1.38, 1.87, 2.TRUB.2emOBRIHE TH 5, KKZD
BED & O BAUH ORI, BEIK (window regions) LIFiTh, WEEBEN LK TH 50, MR
R LR R EMOZERS ORI EL > TWSEES DD, FxIE, KEZKD0.7T2m
H 20,82 miEF L DRI, 0.76pmy b E LERGCHERCEBES 7€ X 58RI (O,
A-band) BEET D, Tio, 1.6pmiiXZRR{LREK (CO) DFFWRINHRAFET S5, TDK
SHNEZRRE P, '

MCP G, Hitic A <27 P ASHERAETHOTERL, IEOKEIhIc LT EVORE
THED DEFSHED TE B REFRCEEERET 5 L 5CHit Sh, SHRTFELTERD &
SETH7 4 VE—EFRAL TS,

BIRLO 320 B A is 5 & 5 72 MCP OWEH Ex BET 5120, REWLRBETAMEHT
LRMHEEDOHER Tie o1, FHRER=EEOKEET Vv, RO—EEHOKEE 7 VI LTT
it (Table 1.41), KEBEFADBRFDOH A4 XA e LT, Diem(1948) DBANC X %
WS A%, Hansen(19TD A v v AR CREL LIS DR EA Lz, # v <MK :

n (r) = Cxp'=wwwiexp (—r/ (ry + V)]
DT A =21y R vy D, THENRDEE F VKT 5 E% Table LALR Lic, BEHEED

B, BEREROZER{RE L Doubling % (Liou, 1980 2) X T\, KEBBH7 T » 7
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Table 1.4.1 Cloud Model

Altitude Pressure height Temp. Water vapor Concentration Size distribution®
H(km) P(mb) TEK) w(g.m™3) N(em™3) Reff (zm) Veff
Water ciouds
Stratus (St) 1.2 880 280 3.90 200 11.19 0.193
Fair—weather cumulus(FWC) 2.0 795 275 2.90 300 5.56 0.111
Altostratus(As) 4.0 615 262 1.10 300 7.01 0.113
Ice —cloud 6.0 470 250 0.38 1.0 32.0 0.115

%k after Hansen(1971)

AT B RHE (reflectance), FHEFK (transmittance) KORINE (absorptance) % ZEffi L
7o, ETENZ, 0.37, 0.42, 0.5, 0.675, 0.72, 0.76, 0.862, 0.938, 1.08, 1.225, 1.650K%
2.20mD2WRIH LT Flebhik, SOMW, 0.720mK0%0.938pmid, FhEh KSR
oHLER, 0.762miz0; A-band DFLERTH B, ThESNOFE R, KAEBIBUCE L Tizs
HERE BB, AL, 0.50mBO0.6754mTIE, + 2V VDF ¢ ©Y AEAREL > TSI, £0
HEISEE > TV AEOMETRENTE S, KEKKRUBROBRNTOHRIL, ThEho
ZEERTIRBEBEBE O E L TCEL T B (method of exponential-sum fitting of
transmissions) & X » L EHFE I EEAAATL (Asano and Uchiyama, 1987), &R TOK
ROOKkOEFBHEIZ, £hFh Hale and Querry (1973) 2 O Warren (1984) D% A L, E=
F A ORESACR LT Mie BELERIC L 0 KPR TO—RBABEL KD, TOE, XEOE
KT Ok bEBREELL, A

Fig. 14142, BEE (As), FHEE FWC) RUOBE (St) 0=BEOKEEFTALD7 T v
7 ARHEY, FREFNDECHT HEE A =0.54mTOHEMNEZ (optical thickness) 't
(0.5) OBEHKE: UORT. KEER, KBXHEA0,=46.6"DH AT, WKR0.5pmRT1.65
pm T HETH S, THEE (A=0.5em) CHTHXHERZ, ZROMHDEL (Table
141 8R) CirbbT, RUEENEICH LT, BEFLWMERX LS, SO LD, T
B TORKRORED S, KEOTHICK T BHFHES L HEE TS L OAREMEIRES
ha, —F, AFRABHER (A=1.65pm) TORHEI, KELENTEEOEETVEE, D
XipfHLleoTHD, BEOBRYHEROZ V- FRIRL TS, ThbOWELXFIATE, BH
BRI B0 5 KHEOBESAOMEL S, BOKEME S0z TERHAICBIT 5 flx hhit
FTHUMRENLREIhD, TORKBELTE, 2.3fMTHELIHLS.

Fig. 14212, KED As & F VT 5 KHROP RS %, PR A=0.5tmTORFHEZ
RS A—kELTEDLT, BHL, LHEKIZ, A=0.54mTORHERTHEEL INIARETD
%, THRE»HEREA=1.08pmMEE COBFRTORMAER, BEFLWERX LS, ER
NECEL LB Eoh, BREL DL ESRIFRIIPEL T D, KEKBINHFDO.72
pm&0.938p mOPWET BT B KHHIL, MHOBEBO Lh X h BRNMI TR T B H,
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WATER CLOUDS

REFLECTRNCE
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19 19 °
OPTICAL THICKNESS, T(8.5)

Fig. 1.41 Flux reflectances at wavelengths A =0.5¢m and 1.65¢ m as a function of cloud optical

thickness at A =0.5xm. The flux reflectances are computed at a solar zenith angle of
46.6° for three watar clouds of FWC (Fair-weather cumulus), As (Altostratus) and St
(Stratus), modeled by Hansen (1971). '

1.2 v T M T M T T v T v A T A T - R
L. 3
ip]
® ]
E ]
N ]
N\
<
®  -7F WATER CLOUD \~\\ ]
[ As MODEL 123
.6f . : ]
0, = 46.6 ]
.S N 1 " 1 1 [

3 5 .7 .9 1.11.31.51.71.92.12.3
WAVELENGTH (um) |

Fig. 1.4.2 Normalized reflectances of Altostratus cloud model at selected wavelengths between
0.37 and 2.2 p m for different optical thicknesses atA =0.5 ¢ m. The normalized
reflectances are rational values of reflectances at wavelength A to that at A =0.5p¢m,

for the solar zenith angle of 46.6°.

—7—
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0.72 mEINENZ TR, FOHRI LI EFEFCHbR TWigw, BR0.76pm BT %
0. AT OBEE, —CIBRED S\ FREE FEEC S LE L bR B H, REEOHA
BN TORSECSBIHR LTV 5, BREIEN TOY 1 X5Mh, BEEL ECEELTE
PAHDT, COWETORMNLBLEESELOBFRIE, Thi3LBEMTIERV, £-T, 0 A-
bandy D —HED L TOWEN LEFEXHET D L LV EBbh 20, BERPLKES
W T & DR B CORE LA abe CTHRATIE, BERESCENNERCET % EHmm
wEREEbhS,

ﬁw,K%*?»Kﬁ?éﬁ%$®ﬁﬁﬁﬁ%Fmi43mﬁ?o%%&ELE%@%%@&%
B, — B KBIHANT 2~ 3HANE L, FTRXEHTHHFAMES S 1A I wEFbhT
Wh, TZ TR 05um) = 1 ~16 DEATH L TR L, KEOHA (Fig. 14.2) LHNT,
REROWESANKEL RicHZEBWLNTH S, BT, 1.65pm RU2.2pm TOHED /P
WZERBYD, o T, COBRRSMOE D, BRTFOM ORovks) HHHIT 5 Lk
AEETHA 5,

LEnesF AstE@h b lic, MCPOF & VEAFEEE LT, TEFAHBECAVERERDS B
250.37, 0.72, KO2.2pm ZR 2 QW RERKINCERA Lic, 30R0.37Tpm i, ASKEK
HEIANIV B, FBHOEREY AT 5 SO TRIRVCO TR, 4%, KBRS X 5 %I
BAgHT5oEREE LT, 0.72pm ZBE L, ZOFERDORIFIIERCMEL TH%

R(A)/R(B.5)

T s s s 1113151 71.82.12.3
WAVELENGTH (um)

Fig. 1.4.3 Same as Fig. 1.4.2, but for an ice cloud model.
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SERVEICH LTRBRARIZE, FASTHS & LAHP LT, SKICIE, 0.934m
%Kﬁﬁbkait,zmmmgoﬁ@%ﬂmﬁﬁaﬁgﬁgéﬁ,ﬁﬁ@l5mm%$%&b
THRALII V=95« 7 4 24 F — FORENRTED B 1R e,

1.4.3 MCP Q%
(1) MCP Bk S h % i

LPWRBAHET MCP) DRSS Mtz o Tk, UTOMCBE L.,

D TR~ERNORCEREO SR AE DN E—v V) ay (SD) 74 b X4+
TFROT v =0 A (Ge) 7 x b XA d - FHAREREOWESIL, ThEh0.2~1.1pmE
0.6~1.9pmTHD, Thbid, £40.9pm&1.5pme CHAREL D, 0T, MErEL
B2 2y =R L > T, TR0 42pmos DIALASE R 650 mE T O 4 KW E % whE
Lz,

i) WERSMEIE T &I RIS O T OO HEN 5 TN B 98I T
LRENTIL D, WERDOHT T A - 7 4 M E - L BHHCRERSMET T4 TR, 0
T, BHRTELCOREBBHOTEY 4 v 4 — GEBEMEIES 5nm) 25 Ui,

i) JEEDENC RIS, RORYENCEAEOBIRIC X 5 H B LA D
20T, TNLERBERSHET DR THLRERENHFEINIBENRD S, THEFEL
TAEBETRAINLC 7 + P21+ —Fid, ZOEREP SR LTV,

V)  BWERT - 2HORKEIR W E——@EBET B MERC ST, HDIREDOED
DIV TN D TIRB RO+ 7oA ER S hD, F070D, 5H7 4 b & — % EEE
R THRLIh L ERN ) BRWCHRSEIC LT BEEDOMIEBRERT 5 v Sl - k-
N HREBA L, ‘

V) ABARBERRCZE—BHET 5 v 7 AR WET 5 HEHFRCIE U CER I h b K
THHED, HRCIIheHR I ENRIRETH S, T Tk, THHE LTRBAR
TTEFRBHE IV, R DI O FR & BT R OFBRAC & o T ASHIRE R b X
72,

() FEBL & BhfEE

RIS (2 vy —) #oy L EBBES & RIS, (Photo 1.4.1), TAX 75 »
7 AER OB IS LR, L&Y 7 7 AWEHTEE TRy 3 LT 05
hd, ThZhOBBRFIBNCHEINZRB L r — IV TCERIND, ERBEIZTHIR T
5D I DZERBEEE & RIRFC IR O FB R CRERHBE O b DBFREHT 5,

R, IR E LCRRAESRE, SXRTELTTE 7 s r2—, ZHEFELTT7 4+ 1 &
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Photo 1.4.1 Multi-channel Cloud Pyranometer. Left: Sensor, Right: Controller.

44— F SRV Ge) #HCHHHHAFTHS (Fig. 14.4), ZREGOWMAEY —2(a)%
WL, SEE (b)) AS Lotk SRBURA O/ 75 & » T—RaclEL S, SRk o
EHTEAH Y 7 v 7 2ARCHH LEBEIA B ORE (B 5eh, DL 5 Ickith ol
TN B &5 TR A R INT 5D, T OBEIGE, BB EZARTFOPRHICEI NI T
TanFE—(DEI->THHEIND, BESKTWBTEH7 4 L2 - OBEBTLEEEFOWRE
TOFBBRROHBLAEEE Table 14.2% R, T7 4 L& —%, 2BREEBENOLERS
XA TEHEEFALCHOEBEEEEEL LD TH Y, £OERIE RIS O L S
DIEIFTRIARITFT H DT, DO AGA T 4 v & —THICIEE T\ RIS E M R E R R~ >
T RFh, FORD, TITRTET 4 v E —~DHDAS e DN WEICI D & 51, Bk
W EZNFEFOMOERY T5CR - ThD, TH7 4 L2 —THHIRIHE, S 45’
HFAZ R THEE LB/ YY) a VRO E -2 A7) » 2 (DI L > THEIZ NS, Bk Y
VORI L D EENAK L em XD EVHRIE -2 AT Y v A TREENBEDT, TOK
BB SI7 5 P A4 A= F(e)®EX, 0.42050.94 mOH5IMHE T 5, Fio, HRS
BlrmIDRWHEIE-aATY » 25 FHBTHDT, ZOFEBLE LGe 7 4 P 44— F
(FI)REEX, 1.085051.65pm DHIBHEITS Lo Lic, ZCTHWESIRD Ge D7 + b

% TFET oA F -, BEEERTEARSLT A EAD Y, FDOD, BEFBCEST 5 HEH
H%5, Table 1.42 1%, 19906FEILACEFH INI-TFHE7 AL E —DERTHS,
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Fig. 1.4.4 Cross-sectional view of Muiti-channel Cloud Pyranometer senser. a: fused quartz dome,
b: diffuser, c: interference filter, d: beam splitter, e: Si photodiode, f: Ge photodiode, g:

filter wheel, h: an optical sensor for filter position detection, i: film heater.

Table 1.4.2 Characerstites of Interence Filters”

ES84—150 (Downward Fiux) ES85—212 (Upward flux)

Channel Center Transmission Half—transmission | Center Transmission Half —transmission

wavelengh wavelength at band center band—width wavelength at band center band —width

(nm) (nm) 6 (nm) (nm) %) (nm)
420 421.3 26.8 3.0 421.0 28.0 3.0
500 500.2 . 48.4 3.0 - 500.0 47.0 3.0
675 676.8 37.0 2.3 676.0 38.0 3.0
760 760.0 41.0 2.0 760.5 46.0 2.0
862 863.0 43.0 3.9 863.0 52.0 3.0
938 936.0 38.0 4.0 937.0 40.5 3.0
1080 1078.0 45.6 4.0 1080.5 48.0 3.5
1225 1224.0 52.9 4.2 1226.0 53.0 4.0
1650 1652.0 46.9 5.3 1651.0 46.5 4.0

1) Koshin Optics., Replaced in November, 1990
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A4+ —F (S1336-8BQ K0 B1919-01 , #fask b =7 R) OHHRERMY Fig. 1.4515R 7,
ThHD7 5 b A4+ — FOREBUERPTE 7 4 42 — OFEBKMETRECKF LTELT S,
EDI, Tarae—x—(I)RAWT, ZRBHBAFERSBCEICELS L 5EE VT
v —LERh5, ’

2 OOEHKT 2 HOBHMNE, TRENTHEERT, 0 —20mADEEEIESOKT
BRBANERXINRD, BRBAADNIREEE, EBRrOBECERI RS, TOBERS
W, 74—k 4 =N (g)DEEECIE U&7 4 V2 —DOFEBOBEFHE LIcH D ER > T D
DT, WEBOHNCHBET BBERD D, LT, 74 & —k 4 — VI DT Dhit
AMBEBREBR (WL > T7 4 M EZ —DNBEEHRALRD, vV V-1 X - L - T, KR
OHIEZHEET S, ThOHDEBIHTIKHEIEIh, KK 0—10VDC DT F r 7B
HHELTEF » VEALFNCHRCI D I hb, OV VYT - m—n FHROF TR 22
BB, 121, IROTET 4 v 2 —pEF IR T 4 &~k 4 —A13300rpm THFEEER LT
WBEDT, FRREOVTRERKOT -2 355 &, 35 11k, 74V & —h4 —
D1 EERFD L 57 4 v & — (AFEEGCREE) BEROHIAHRLREDOT, £DOHIE
B 4N X —BBROHNEDELRAB LR - T, ZREFORBERCISZBELAFY 7 1%
BRETELZETH A,

1.0t

0.8}

0.6}

0.4}

0.2¢

RELATIVE SPECTRAL RESPONSE

ol . . . .
o2 04 06 08 10 12 14 16 18 20

WAVELENGTH ( pm)

Fig. 1.4.5 Relative spectral responses of Silicon photodiode (Hamamatsu-Photonics, S1336-8BQ)
and Germanium photodiode ( Hamamatsu- Photonics, B1919-01), normalized at

wavelengths 0.9xm and 1.55p¢m, respectively.
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(3 RREERY

RERMOHSIERE L IASKOS T 5 v 7 ARE (BAL : W/m¥/nm) &3t 52 s
DHOBEHT (mVDCO) OZEH|EHK REEL) 2RDHZLTHB, ZOBNERECILH
AERETBREIC L o THHBHRERRD /s Sh T EREERY A, 70, EROE
DEIKE BEHF 2 v —MONEHMEBERB R R OEHEBINIRAMT CED L REHRICE S iz,
REMAZC L DREBZT 1 BLUAEREO NS, EREERO K BE D 4 CE 2 350.35
pm~2.5pmITOWTE 3 BOHETULHMREEINTWIDWDO T, HRINICARE DR Y BT
N ’

APREE T, —HOEFHAHRTC L > TRHRE T OWEEKEWYES Z L08E—0D
HETHLND, FWYRE (F+ VENV) KBWTTFAEZ 5y 7 2PEHOMCPE LREX 7T o
7 ZAQERD MCP L DHIITHERERSRETHELBERTH Y, TORERBEINRH RO
BURKEEAT S, COMNEEEL R, BEOHMEREZLELET, A—XFRCHL
THAIRHE T 50 TRy, £ LT, £DOHARIE, BEBRYAVWS I OXBEHEFEL LT
B CHBHIER{T S HBEETH S, Il d, BEXFKC L5856, 260MCPOEEDMHE
CRERECRIEEENE TN ATEMLDHLLTH S, T, COHITHRECIZEBAS
ARl ks HBEEE V5 2 & & Lic, BALTO BHIEDOKERO—F% Fig. 146 TR,
BF W VEALBOTAETS v Z7ARDCLEE TS5 » 7 ABIEHO MCP OHIIZ, B O A4
BEOBHEMNCECCIRABRIE S S LRI TS, REROWERL, Z o hgllET
WEINCEFRNEROTREY S v 7 ZAHO MCP DR 2 iz, )7, 77 v 7 A0
SERIED T d iy, ERERY AVCCREEREMHE >, HBERE L5 kLB Tol
&m%m;é&ﬁmﬁ—ﬁ?élﬁm,%&D%ﬁﬁﬁﬁfﬁBht@E%ﬁV%&ﬁmlof
BIE L, BROBBEER S #RE L, |

Sil= (Vil 'ViT/Ri) e

Sit= (V;l -V.1 -R) 2

CETIROTBEFRFRTREHERCLAE 7S » 7 ARERATH S Z E2RbL, (IFRD
F ¥ VEATHD T ERRT,

W IEHE A

ZHEF SiT7 s PEAF—FBIVGe 7 x P XA+ —F) BEDIRERE L nsec DA —
E—ThHb, KTl 4 v & —k 4 — A OFEFEE (300rpm) K LT T4 7B~
0, SRETFOEERZRV Y k- FEOEELER I € 5 DR BEXN I FR{IEE T
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Fig. 1.4.6 Linearity relation between signal outputs of Multi- channel Cloud Pyeanometers
measuring the downward and upward fluxes. Data were obtained through a whole day
long comparative measurement under cloudy condition covered by a thin cirrostratus.

Top: ch. 2 at A =0.5¢m, bottom: ch. 9 at 1.65xm.
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W, B ORERNIGERE (e—folding time) 20.3WICBEF I h T 5, EEOHZEERHIC
BOTKFHAHEOWECHEYRETIDLLC, v Fvron—1 v 7 X OBEKDE
Bop5, B IOBEEEOEAMIBHOA — £ —ThHBHDT, ThIz T MCP O &%
BERA5cEe, Shih, BEOEBECH LT MCP Iz +4E BETHd0 L LT
D OMABIERE (REHE, 19865 kL, |

(5)  AHtFasEY:

BSEOZHE GRBAR LH) OBET R LMD AS AL DT 0 OB, FXEHTOMK
BB, F=F, cos 0 Tigrhudis by (COSHD, LaL, EECIIHERE F — A TOAHE
DEHFPRGOHE, LEROBAEESLTREE DI, COSHIBHRE SRR, £2 T,
AR EA LS5, HEORWIKBIRE M T5 Z L3 @R TH 5, FiT, IhEiR
DO MHFEC R THFAERITS T LABEE 05, BRI 175§ X7 MCP 2w
TAHABREL DT, FORBRREEY Fig. 147 (L Fa¥ flux A MCP (ES84-150),
T:Lﬁsmmde>@%&m@)K%?Q%ﬁnmﬂvﬁx%v-»nfyavf%mm,
A&EHCAT 2 REO ASALZELI e TR IO L2 E LD THD, 22T, B
i, BEONXFEOAHAE 6, TOROHIEF (0) L35&, @R L7 COS HHEx
Er (6) NIRATEHRIhD,

Er () =1—F (8) / (Fycos@).

KFEL, Fo= F (0=0) Thh, BHBOBENH—RITBA, ABATO & TORMC
IoTABT 7 7 ARBOK IERENTTDR DD, ASMI0 ¥ TOREAKICEETH
%, EofERI, BT L5 COS ARt LT\ ieWwas, ASMAT0°F ik, Er () &
3BLURTRERFLERIMBLATWS,

75 9 7 ARBROPWECRNTIE, BEELCETATAEEXT S v 7 AOKXKESIEE, fit
¥, LAE7 5 o 7 AERTENSODRHKOAESIMIZEHOTH S LREL T, COSFEHE
EDOMEX LIz,

1.4.4 FZEHHERER

D) BHEE ‘
hmP%%btm%ﬁmvx?A®%§&ﬁ%ﬁM&,Xﬂ%ﬁ%#ww%ﬁzﬁma,mﬂ
220, 1202480 3 HENC T -2, D 5%, HEHCENBROERE LIRS hc12A24
H®ﬁM%§Kovrﬁ%?6a:@@Mfﬂ,m%ﬁmom#,%ﬁ%ﬂﬁ%ﬁw;%%@&
%Eﬁ%k%ﬁlTﬂf»EM%ﬁﬁKﬁbntoﬁ%bt%?%mﬂ%tXfm4(%ﬁ%?
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COSINE CHARACTERISTICS
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Fig. 1.4.7 Incident angle (Cosine law) characteristics of Multi-channel Cloud Pyranometers. Top:

MCP for downward flux measurement, Bottom: MCP for upward flux measurement.
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KK) T»%, BENIALEOMIKI20km O¥F = CiTbihi, LTWOKERBED FTWREH L
WX 5 BREENEE1600~2700mic g —HE 7 BIRE 2 EEL Lz (Photo 1.4.2), #2721, @
JERZE D Fid & HICEEI0~1300mIc —EFBEEAMAE L, ¥/, ThILRie - il Cli s
LT EDBREERIC DA > T ie (Photo 1.4.3), £D X 5 sME T ClIMARD -7, ThH D

Photo 1.4.2 Cloud-top view of a maritime stratocumulus near Hachijojima on December 24, 1986.

Cloud top height was about 2700m.

Photo 1.4.3 Same as Photo 1.4.2 but taken at altitude of about 1500m. Cumulus clouds were

scattered under the stratocumulus layer.
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BCHLT, S, KEK, BHOBE S » 7 4 L2185 dic ¥ FEE000mE C LR L, %
CHODREEUED D FRELA, ST, JBREE - (BE2800m) & CHEHEIN O 7 0 AT
SEARTE T 72, 2O 3LDORITHHEH LERThAL, A2, A3 AT CLUKERT 5,
R, BREAT TR LLNSLEKE, BN, BH=7 » VA OBIRIT, HEEFCE
Lick &5 (FRE800m) THFHBIMID 720 DK FEEERITH T 72, XI5, W E COKE,
KSR, BB ORET =7 4 i35 1 dICHEL0mE COFMH - LARTEFT -7, Rk,
BUBHENCS W CROBDEBEN LT, KEWEE T L, &0—#OBROEkOHTE
RSfElL 2 NSRS CTh B, REBBENC T 5 ZOBSHEN I KBEEKET 50T, KBEER
DELD D Is\ FEhI B A 72 R R B A 2 U7z,

@ WEkR
EBOELTOTHERCENEAMNEY TR ERF |, Fr !, EBOTHEHCO FRAEX KO
ME7 5y 7 A%EhERFs |, Fs 1 T 58, BEOKMER, HBET ROWINE ATk

KRCTERINS, '

R=Fr1 /Frl,
TZFBJ,/FTJ(;

A= (FTN_ BN) /FTJ,.

CCT, F'=Frl —Frt, F'=Fs| —Fs1 Th 5,

ERENPDLIDEED, ThbiEANTORFELFBRRC > THY, BEBAZOHREOAM
CEBO L - TOAXKBRCERORFOEENEERD, LrL, BHlLLELRDELADL
FOETLIENOT, ZhbrERARLEBET2H861E, BELG Tl DL - TOX
KB L O S SO EET S, FHCRBR T OV A X MOBRIBET, KFETEIT
D5 A R FRIE B OBIRE R, 5B 5,

BREZEE EOKTVP=ARITIC L - THRLR KA VY DED R IHFE Table 1.43WIRT, &
o, WEMD0.42, 0.50, ..., 1.65(%, MCP ©F + v ADFhbLE (pm) TOHHKE
%, ¥ SR, VIS, NIRixZzhzh, £KBHFT (MS-42) ROEARSE B H5E (MS-800) %
WCEBHIR NI KBRS ORI, W, BRMROTFHIHETHL Lk T, M,
DR S T AEGTNB R E LT0.72pm 2SR IhTW5, 1 DOBREX NS E Linh
B, AN, N2, A3 TRERENKEL RisoTWw5b, LrL, £DOEEIMCPI X %5
SR &b BH5E MS-42, MS-800) & & 5 KL CFFENILL, Fic, ThbhOfEEY
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Table 1.4.3 Measured Reflectances(%).

Wavelength (#m)| 0.42 0.50 0.675 0.72 0.76 0.862 1.08 1.225 1.65| SR VIS NIR
Al 75.2 75.3 76.0 70.8 67.9 73.8 73.2 67.8 55.6| 71.0 T74.7 67.0

A2 67.0 67.4 68.2 63.9 61.6 66.5 67.4 62.8 51.1] 66.7 69.9 63.2

A3 83.5 83.4 83.4 78.2 75.8 80.9 81.2 72.2 52.3]| 77.2 86.1 68.2

mean 75.2 75.4 T75.9 T71.0 68.4 73.7 73.9 67.6 53.0| 71.6 76.9 66.1

WBLISE S, AL, A2, A3DAATERERE LTS, $ibb, TREDK
HELPFERO.Opm TOHERFERTREZI®RELHIE, ThbDOEI LM ELRBLUNTH S,
o, COTEMD, FRERDHHMER & > THORINET — # B+ EETE S b0
ThHHILEhbhb,

Fig. 148, A1, A2, A3 DT RACKRIET 2HER0.5mDFEE 7 5 » 7 ARMEYF
hth®, A, BTTw o b Uiz, MFORGHRIFAEROEDHFNE SITHT 5 KHKRD -
BERAEERTH S, FHRCE W TKBREABIKED 6 =57.4", BHEKHEIL As=0.04&
Lic, BRI NTKETHERIhDDEL, BROY A X5 (1R THEx T, TOB, ~
5 A= Z 1y RO 01X, ENTFUEERBRC L - TELRLRERUS N HRAL X o TRDFR
FREADHBTH D,

Tesf = S ran(r)dr/:gorzn(r)dr,
0

Ve = g Crrap)’F n(T)df/goreffZ 7 n(r)dr.
0 .

BOIEE 2 X BB ry & vy ZBBROBINC L o> TES iR & 572y, &2 TRED
SEBM I L LT ry=150m, vy,=0.11% B\, BOLBIC bl > TA—OH5 x> T &
RE Lz, Fio, BT — & X 0 BRFIRER0.5~40pm OFERNCH L, £ OREEIX100
fB/ecm* BB E L, TORBBAAAL, A2, ASTBTZFEHNEFNE I, Thth
25, 16, 5 Ch T LRHEEI NS, Lo L, BHIhiKEROEREFXE @B TER) &
NehREL, FREFMGLT, BEHEIDLAL, A2, A3RD>P\WTERERLII~E2, 12~
22, BI~TSOIEM D B b LR D, TOT LT, W LTS > BEESEECIIATH @
PO RBBECTH - Z 2 WESTWD, ThIEDOWTIE, A2 OFTIHBENEWE, i
A 3 ORFTIZHBENED ETHofedd, T LD A TRREN—RRBRETH -1
Tk, M, Al OTRITREWED LEBEVWED LR TARRTTAH LIS DOTH > T &H
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OPTICAL THICKNESS

Fig. 1.4.8 Flux reflectances of stratocumulus as a function of cloud optical thickness at A =0.5¢m
for the observation of 1989.12.24. Thick solid curve expresses theoretical reflectances
computed with the in-situ measured cloud particle size distribution. Signals @, A and Il
mean average values of reflectances measured through different flight paths. Vertical .
solid lines indicate the standard deviations of variation in measured reflectances on the
paths,b and horizontal broken lines indicate the limits of estimated optical thickness, for

different flight paths.

EFdAATCIBEDE =& — LFRABFHBEFC I AEHOBNBERED® =2 - b
PdBh, RALLARFMEIDERENEFOHNBDOBNREOREEICEETSHDTHS
Z EEEMT T,

1.45 &8

MEBCERL, KBBEHCHTIEDT 5 » 7 ARRKRL EOFREM LT T HicdD—
DLW HE 45T (Multi-channel Cloud Pyranometers) B Lic, TOMCPiX, T 7 4
NE—RZ BN, ¥V AV - T3 b EAF—FROFART=TA -7 3 P EL A —FD 200D
ZARTEHAADLREHZ LI Y, REBCEFINDKRD & 5 kil T2 Laici i,
Tisbb, 1) TN LEROERCERBEOSHERIMESR B L, i) BESMENE
CL, i) BESECZ L, W) SWRT - sMORESRGC L, £LT, v) ASfaEY

—90—
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BRWZETHD, TOH, AFARKCOWUL, IHDERBROLERDD EEL TS, I
Eirh, BHrOEORHERL ZOWRRFUEXE S X, TRE/ EREWE HT 0 I LA E
HEREINR TV 2LERD B, TORERZEZ, KEREMEVWGEIZ, AfAETX
ELEKETHENLLTH B,

MCP D, &R RS, FEARSMERE S, FABHETFE LM L 50 A1 7o
B AT 2 52BHL, TORBRBNLT oI, TOMBE, KV AT AL X > TEOKMEMY
ARD LD OBREEOBS T — 2 1MBO R D Z L AEND DT, ¥, MCPI X BEDHHIT
SR EE & BRI EE L & BT 5 2 L0k > C, BOXFMES R ET 5o L RTEL,
LAL, BRETH > THBD TABHERLATEELZH O LIBH I TEY, BEDOERX X
h EFEIC KRBT B1CiL, R—DOBOKEHM: & SEEE O RGO kL ERTHLEND
BT ER, BHEHEAF - 2 OhCRORGER L EY LW TRV ALTRALETHHZ LD
REhi,

E

MR R OL B RERHFT MCP) X, [EPIEFFRIIPE [EXOBHEORSBNTE
DORFFE) (1984-865FF) W RV THIR S hic, PR EIOHECHIE - @B T S hBRE
R LTS, MZRENCEL, ALERERPTI X ORAZ (B @i 1o idv e,

2 E X ® ,

RE - RSk - HEE - BER - AHF - /bR - PF - BEIR, 1986 ATz X A BOHEN. KR RAT R
WEHI8E [RBEAROWIR] & 8%, 145-164.

Asano, S. and A. Uchiyama, 1987 : Applicaition of an extended ESFT method to calculation of
solar heating rates by water vapor absorption. J. Quant. Spectrosc. Radiat. Transfer, 38, 147-
158.

Diem, M., 1948 : Messungen der Grosse von Walkenelementen II. Meteor. Rund, 1, 261-273.

Hale, G. M. and M. R. Qurrey, 1973 : Optical constants of water in the 200nm to 200 ¢ m
wavelength region. Appl. Opt., 12, 555-563.

Hansen, J. E., 1971 : Multiple scattering of polarized light in planetary atmospheres. Part IL
Sunlight reflected by terrestrial water clouds. J. Atm. Sci. , 28, 1400-1426.

Warren, S. G., 1984 : Optical constants of ice from the ultraviolet to the microwave. Appl. Opt.,
23, 1206-1224.
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1.5 £&&
(Summary of Chap. 1)

ELBHOMEFRAYH LT 5 DOBRARE Y AT 2 %R L, BEBRSFOHELF
ArYEACE LM T R, BEOKEMROF CTEERMEY HDTWD, ZDL5T
P, BROBMTEERC LEBNWMRC L > CERIR B ZEDATTH S,

SEOMFEL TBEESH] DBUDOIDITLERPEY AT 2 2R TLHDHDOTHY,
FEROBUHOPH RIS EHSNELDTH D, HRIhLVRT A, BNTFYVVFEIO3IE
ORZCEEHANE Y A7 2 ThHD, TRTOVAT &L, IBFHCER/KT L, BETREHE
BEEBl, FVATFALCOWTCOMEY UTERT S,

(DENTV vFv AT 2O

EROENT (BH - ki) O, NESM - HOMES LY VF Lo THRMTH VR T
LEBSE LI, BHTY YT Y AT AR, ZOORSILRL, —OREN TV YT ORKTH
D, BoREEY AT ATHE, BRCATTERNF Y VFeRBL, v VFic L 0ER, ki
FHIELTC, TV ASTHRELLBEPHECEXAT D VAT ATHD, BERNOBRNTDT
pm~1000pmDKEIDDDE THENETH 5. BRNRUTHHERICE » THEEYER, VvV
FOENTHERLKEL Lic, BEX T emO/NSRENOBRRNABCHEINI. IBE X
Tleote, BIRECH LIREERZ T R, ENTFLRFREGE LT FICEX IR,
BB INCERE, ENTERSTEEC L D AE Ih, BN TOZEBEBOHES
Bohi, BRTFYVFYAT AORBCL D, BROBKTOR, K, HOREIHLE5
Lvb BHSER S hic, | o |

2Bz MR TI5E > A 7 & DBISE , |
HEBCERLT, BENOBNTOR, K&, ML KFClET s v A7 spERS ek, ¥
AT At — L B FEGIREE S DD, SEEORGTEE (1980m/s) TH B IR
CRLERFE Y v v % —BHC X > CEYLBECES L, EiEFS A EOAS 14 FECHRT
B. CHEEIBE CCD » 4 7 TRIVT 5. UEaey T, ThZBIMIR) HIFbhs,
BACREEE D 0, BE ShHE T — X 3 ETEG A IR DR TR -
K& - SRDBhS, BREOTTRRAEDEL, HELML AR, BES #m~5004m
R EKGOBERNENBCEECHIETEDL AT AL LTER L,

% HENABS (H. Uemura), FM#HE (T. Okabayashi), #E#IH (T. Matsuo)
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(IMEBEREN = — = VLEIY AT A DRRF

MR ERL, ENO=—w Y LRJETE VAT ATHD, BER A=~ VLEAL
THHH, TOHELELTETERFL=—n Y ARHEETEA—F v AN A vy 2 —FRE
Auviz, BB, BYTR#ELENE, BN ELRIORANLMUELRB L Co— 2 V2T
EOHRECEIEEIBOTETH S, RICER=—r VIVEREFROBR TH D1, RHER
YEUSRERETESZ L, FHRGIRTS 2L, ERNOMBKE~ONEL#HT S LRER
BRRTHDH, ZODRD, BESLEOMEREXYRDHULERD D, TAEXBRRORITREC
Lo CEHE L, #E)sERREHEE Lic, RATHEBRIC X - TH DI IEREGR O £ B % 57X
TRERER 2 pmE EOR FRHEICBREINTE D, ERO=— v Y VORIEHWIZ XS
Thotee TR XDEHN=-— v VL EERNNLZEHETNEGERTHEEL, 2o, KRy
WETED VAT ARTRL, BRERET Lic.

(DOMZEBEHEGRRNA S HHWE Y A7 2 OB

B4 ISR & M2 X - TR Z2 RIS B 2 MRAE CHIE 3 5 £ R A SHllE ~ 2 7
AEBFE LI, YAT Ak vV —HRONERB»SRD, € — R AEO IR
BD, CHTCEBLAHZZ v 7 RARTE 7+ 12— X - THX TR B, FEERET, 420,
500, 675, 862, 1080, 1225, 1650nm o i BRI D 760nm % J KRS RIS O 720nm (44
wWOBNMIZZEE) D 9ED B, HHIhiclid, U—axF) w2 L0 5% Xh, SikLA
A= FBIOGe &M 4~ FOZKRFIC L VB Ih, BFEIhD, AHFHIX, e
BHRRET — 2, HEREF 2R, F—2 e —%BLTCMTRNGE IS, BRE
DIRZEBERBIINC X D JIE LI EBO KEHRDBEREKFEC OV CHIEHE LG T 5 =7 iR
DOREREXHE L, MZEORGIIRL, AV AT 23K B E - TWAZ L EHERL
o

BHF Y VT VAT LD L T, BAOWRTRE/LREL, -7 X 5T, BRT OMM
ISShE D E R E TR OAD L O Kis o, MEEEREN TFHEY A7 4T, EHNOE
KT DKFHAERY, FLERN=— v VADHUEY AT AL X » TEAD = — v Y ILDZRERHS
HAERARVCBE CRIEWREL it oz, DLED 3 DDWEY AT AL » T, ZBOBRA DI
BREhZEBRIBONS L 51t iz, B0 ZHIET 2 EBRAS N B HHE Y =
TADBRC X - T, BEORYE, H8, BINERAERNCHEERTHNETEDL L5, B
b, BRShk AD0WEY AT 2R LTRMT A LI b, BOBWIEHME & B
L OBIRB—BH LI ), BEBHFOWRE, OV TRIBELHOWRCKELARE TS D
DEPRING,
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SEEBRShIMEAL LTE, KO X5 RbORELLhS, BORHIELLRLT, &
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BHEw T 5 L SMER S X BBAND o Te. TRICOWTIRRER, REHERETHLT,
BER P THEEBBETH S, ¥ BT AMOEEDOEET — X IILENOEMTH
HH, SEIOEBEN > AT 2%, HDEILERYEE CARTIENEHL TV, 5%, &
87— 2 DWMBOEELEMNLLERD B,
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LT\ &% Lz, ¥72, NOAABHREST — 2 DFIACB LT, HitA¥AKEELEEN & v
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(Aircraft observations of stratiform clouds)

2.1 HEYEHRE
(Purpose and method)

T, TAR- FRREBEHROMI TS 2 00WEHXH L, TOMEEHEIRD b
BRO MBS U ORI B E A EH U5, TOBEEI, AL EEOE S, %A%
B BEE R EEOREC L - TR DN, BEOYWEEYE, TiebbEXBR TN T0
HRORBRDAT, BREROERNz — e VAL ECSRE KFTH, 22T, BOBWEEY
ekt OPR, S0RE L ESE%EOBGRRI O, fiZeis v icRasinic
IOV ERBECRNT — 22 INETH, LOREHEINT — 2% b L, kO 3 DORELY PO F
Br- &L ED S,

B R E L OR—EKHB B L To o T B TREGBUE O R RN
- KBS O IR RPEE L BEOYB AT £ — % OHEE
- BoMIR (BApERYE, REEHE, TWRESWREL L) ROKBEEDORR

KGR B B I EN T, B, Bt CTHBTABRE, £FoSk e Lic
Lo THUBBHE, BRTCEW AR ST 2 HMEMNEFO KA, TRE, hEEY
Mg Uic, BIBHNE, BOWBE, FIfEME, £eticlaE/L T, /AL (33 06'N,139
47" E) i EaEIER T,

T, LERDOHMDOIDIIZE, BEHSHOT — 2 ORI - 2RGR—ENEECH B, WE
& (198T4ENE) WIXEBWERBR O 72D DR R X OHEHE M BT O 72 O 25 % — B o i 22 B
(£ A F404) TR L THHBMUE TR o7, L L, —HBOZC X HEHTI, ED L - FT
OBEHEN, % X OERNTOEYIHEMEOBN A RE Clou 7o, EORFHIZ LB D&
WX D, BTLLRA—DEEHEE LBRARE S s, ZOmRESETL, H24EE
(19884E %) LAMRIE, —HEDMizefs A A YR & BRI O RIRBI A 5Tl L, HHE
3, BYIEENOLREE A D 7o 2 7404708 (Photo 2.1.1), 8 X OBUHEBEIAE Fih &
LSS EA Bl Lic=7 » 2 < v &£ —685%% (Photo 2.1.2) ®/~"3. ML, ThEZhoO®

* B KRB ERESR, BEFE ", AN, EER=
E 4 B W RRE, K &, HE-hBE
=—w OV b BRI, RMB0tE T, MBZk

kk HFEE® (M. Shiobara), HIFIE—= (8. Asano)
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FARE LS ST 3 & OB R A OISR, SRR X O U RIS 42K B 55 & Aot
it (EAEROTREZ 7y 7 AHE&—/) %28, HBWH L LTHERIL T W5, (Table
2.2.1 21,

Photo 2.1.1 Cessna-404 equipped with various cloud-physics probes.

e

Photo 2.1.2 Aerocommander-685 equipped with various radiometers.

TR OMZE X A B, ORUEERITEN, SI0QAKRT =7 4 rBlNH S, [
HIRTEM (Fig. 2.1.1) @B\, BEZEZIANL E - T TORMKFERITC L 5 BEHIGZE
W (- FS-1), ROERHETORMENE FY LAENTOEYHBN (£—-FS-2) 02
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DO E— FOBRN TR EFRBEEARCOWTTbh 5, &-XADRMMRTOHEINC, Wi
ThZhe 7 ViEEBEY AV CENAOERRERA Vv MCER L, LIhbRGHAEEESY—
I TSRO K PRITELT o

KET w7 4 VBRI (Fig. 2.1.2) X, WHIRTEBRIE I DN Thehinre, Kesl
FERI L 5 BTHEC LD, S LRI B B EESTNELA 5, ©hbHaTORE
A== RFBTTHOR, 2~2.5RHOBHKEYET S,

Mz BB, 1987.9.19-21 (19874EE), 1989.3.28-30(19884EE), 1989.12.20-23(19894F
B ¥ X 081990.12.13-16(19904EF) Wi I hic, FEEROWUERE B R OB OWT
VRERD Table 221 b T, ¥, FTEREOF ML X O BARN BRI B D
THREEBB I hizw,

SYNCHRONIZED-OBSERVATION FLIGHT.

S-1
A685 —>
[A685] s; +
3000 ft
v . TOP

[C404]

S1000tt _ Base
S-1

SEA SURFACE

Fig. 2.1.1 Flight patterns for the synchronized cloud and radiation observation by Cessna-404 and

Aerocommander—685.
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PROFILE OBSERVATION FLIGHT

SUPPOSED
ALTITUDE
L———-» 20,000ft

[A685] A-3

' A-1
—————— g 13,000ft
e 11,0001t
C-10
[C404]

8, 000ft
3,000t

Fig. 2.1.2 Supposed flight patterns of Cessna-404 and Aerocommander-685 for the profile

observation.
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2.2 TE—HE HERER 2T L

(Aircraft observation system of cloud and radiation)

EOWMIEREY: & BAHF I MR L H O TRENCENIT 5 oic, 8 1 EZTRXSh i
HOMFEOMIC, BERHFECPIEERLWUE T 2D 0WREXEMBL, ThEHORET — &
BLORTREPEZOHDMRBIZET 57 — 2 2 REHCIET 5208l 2 7 A% BR L
oo LU, BHBAMBITC 2 TOBBEIEMBI N T chl Tidinl, i, 19884EEH H
DRz (FEFZe ; Cessna-404 Fl ¥ J OF Aerocommander—-685 iﬁéﬁ IFEhEh C404
TOTABSS LIEED) HFERER T IO oT, BAEBC LI o Ty AT A0E
TR, BBREEC ST 5 TR & EHEER Y Table 2.2.11 7R3, #x OB OHAE - ¥
BEERDOWTITERER [BAR] T idhoT, 2 CTREAUNEREDOUERELZ PO,
AW I1T 2 BB > A 7 A OB O TR B,

2.2.1 HWEORH |

LR E M, BRI BHE, FABMEHS LOSBEZAME (MCP) O 4B 75 v 7
KDM%@ltvb&Lf,%h%h%%tﬁ,T@Klﬂybfombﬁﬁt(HanmL
D T B BIE, BYRERIGEEE S RE ST\ B EE Y ¢ — > 2 MR RO AT & 75
3) ELTERICETRIED XS5 LIcH, ThTHERCIPTEELwo T, TOoMb
R R AR TR ME LTl ¥, N OB B R 0 APEICR T 5 EA 2 WIE
TH L5 Lic, AHE - B ¥ — A~OBROMFLRG bl &, £AWBOLAWISREL
(Ex BT 510, 4 ADBHNBLGLES & 5 B » A — 2R {107, JEBF)¥%H
BHEF 3 T OSBRSS, BATRT 2 B8R T % B & 5 BP0 RECI D A,
HSEFIRE, BABEHIEE T BICAMTIT L (Photo 2.2.2), EAELS OBIMIAIZH
S h D R ROMECRA D x— 7 v 49y 7 VI DS O B A K
L7 (Photo 211 B . ShbE, = v OBEE B VRIECE D HR T 5,
R D A LR TR B R BT © 5 A MR (AVIOM-C) #4#=h (Photo
12188 , ZOWACER T 7 ~7 (PMSHF S S P X 0OPA-2D) 2K h {17 bh T
% (Photo 211 B18) ., ThbORABERENOBECARATLI VL 5 BESh T3,
i, FHEIERCIE, EO 3 RTMRSRECHRE € = 4 —F 570 2 RO L5+
» A TERHEWL, | BT HAOREY RET B oBECiy 1T, 5 1AYET
DREE BT B DKECH ) e, FhEROBACIE, 4HB0a Y b v — S HOM

%k EES (M. Shiobara), BREIE— (S. Asano)
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Table 2.2.1 Aircaft instrumentation.
Elements Instruments 87 88 89 90
[Radiation]
[Short-wave radiation] .
1. Upward/downward spectral flux | Multichannel cloud pyranometer | C | A A A
2. Upward/downward total flux Pyranometer EKO MS-42 [ C C
EKO MS-801 A A A|C
3. Upward/downward near-IR flux | Pyranometer EKO MS-801 clalCcl]A|ClAlC
4. Nadir spectral radiance Sunphotometer EKO-NIPR ClA A A
[Long-wave radiation]
5. Upward/downward infrared flux | Pyrgeometer Eppley PIR ClA AjClA|C
EKO MS-200 C '
6. Nadir infrared radiance - Radiation thermometer RST-10 ClA A A
IT-4 c c C
[Cloud and aerosoll
1. Cloud particle size spectrum | AVIOM-C } C C C (o}
PMS FSSP-100 C C
PMS 0AP-2D2-C C C
2. Cloud liquid water content Johnson-Williams LWH C c
: PMS KLWC-5 c C c
3. Aerosol size spectrum Optical counter DIC PM-T730 (o} C C
DIC PM-200-15 ; C C
4. Aerosol composition Sampling impactor C C C C
5. Aitken particles Pollack counter c C
[Thermodynamics)
1. Total air tenfperature Pt thermometer Rosemount 102 C C C
Pt thermometer MAKINO TSO51P ClA A A
2. Static air temperature Radiation thermometer RST-10 c c c
3. Dew point temperature EG&G 137-C3 CJ]A|C|JA]|CJA|C
4. Atmospheric pressure Validyne P199 C|A
Rosemount 1332A3 A . C C
5. Pressure height TKK ATP20-1 C ClA A
6. True air speed B&D 2504 C ClA
Rosemount 1332B1 A : C C
[Others]
1. Cloud morphology Video camera-VTR (forward) CJA|C|JA|C|A]|C
(downward) cClA A A
2. Pitch/roll/yaw angles V/D gyros TKK VG-40/DG-51 ClA A A
3. Positon latitude/longitude LORAN Navigator F/AN-11 C|A|C|AJC|A]|C
A
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i, RERTIERE, DIFUERE, NOEERHIKE, o5 U RIREE S X O — 2 R E
HEIhic, T, TWEEACS vA_A— 23 lEShi,

Photo 2.2.1 A pair of radiometers installed on the top (Panel A) and bottom (Panel B) of an

aircraft fuselage, to measure the downward and upward radiative fluxes,

respectively.
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Photo 2.2.2 Thermometers for the air temperature (Rosemount 102 ; Right) and dewpoint
temperature (EG & G 137-C3 ; Left), installed on the bottom of Cessna-404.

2.2.2 [AEDHELEERY

S (BAHBECORERE) BIERCRY T bl e b —HEENSOEN FE) %
e v —{ERBCEETZ L X VEENES RS, LrL, s 50N GES
EOZTHHERCI, RDOX I U THEERD I, e IhicfEREHixRo
L3I H P(hPa) & Hm)DOBGRERT &5 HE O A 3hTws (g, 1986).

P=P, (1—2.256 x 107° - H) 558

TET, Pk, 4wy P DVEEEERIC QNHRT (BEHBERSECEbESL T L) %175
TUAHEATBHRRESE LD, EREYACT, BEHOHINLZOEE TORTERD S
TEBRTED, EEI, 25 LTRDAEKTEEENFFCEENE L-SEL B Ltz n, &
EE6000m & TORITEIP TH DXL 1 ~2hPa Th o 7,

ERIBERERAKCESTCHE05, ZOHREDOEERRTS DT, F2T, Bflc
BoNKEP LT CEET - 22 AU TREXAFT5 L Lz, COEELED
BELIIE LRV, APIR TR hCHi— L,

2.2.3 SURDRE &REFOEBERMBE
Sl DM 13 HSIPUR B2 IV 7o, FRC BN TR 7 5 i, v — A0
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Tk DGR BT B % FD Rosemount #- 0 Model-102 (Photo 2.2.2 &R ¥ LI, =
IO DREFCE, BUTRBS5GEBSR LW T50ENE S,

—HC, BZEBACHL D (0 b RER A MET B b D1, BB 5 T DR
EDONICRBOBETH D, 2RI FOBE=FNF —RBCEBRINTREELRZ L L
TWwb, ThELRE (total air temperature) &\ V0, ZAKH LTHEASOEE (KB %
PRI (static air temperature) &\~5, BRI EHNITERT 50, £RE TK) LBERE
T(K) DBIfRIZ = v "B M 2V TRATHE2 bhd (g, 1988,

T.= (1+02M% T,

M = Vz/Cs == Vt (TRT;) 172

T, V3B ORITEE (m/sec), CoixFE (m/sec), v (=14) 3RRDOEREERH
e, R(=287.053]/K/kg) BERMHERTH S, —JF, MBIy T obhice b —HEET
HEIhDLE (=) Pf EHE P OBRIIKATEL LN S (IuiE, 1988),

P.= P, 1+0.2M% 3
Lo, WRIC LD, AEIELSE, BIEONE>BRELES - L RTES,
T,=T. (P/P) "/

BENC X - CEEE, B#EOHECHE IR TCWRWEELH ), HREEDORNRT —x L LT
BORTWHEEL, BT (1986) WRIWIFEE G, RITEE B X8 KERT
Zrh, ChoDOWENERDTHS L 2R L, KPFRICKT 2Rl cl, ZogE
BB, 2~ 4 COECKRTW5,

2.2.4 MRRITEEDRE
MO ERTEE I Y —BEBC I ZENHEN RO LS L THBLI ENTES,
P, LBEP ORI LRTEZONELD, KAD L SCEEHBRILID,

(P/P)** =1+02Vi/ (YRT)
LoT, kALY, £, HE, HHEREOEIDRIMITEELELZLPTED,

V.=06(P/P) = 1)1 RT)
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2.2.5 EBEORE

KEZED D\ THNEEE EG & G #:D Model-137-C3 (Photo 2.2.2 ) THIE I &
BEE,DLRD, COBABE T 0 CUTTIREA (frost point) BEX/RT X 5o T
50T, K[| 0 CUTOBELBAREBTH > THKBEREHIR LI,
FHEAC L HBARUITRCH L DIBEREDEL , BEOE(LIKEWEERS &b
FTLbTHBECHlEI R o1,

2.2.6 EXEORE

EREBEOEEREIT Johnson-Williams FARAEKEET (W ; LWH) ¥ 723 KING HAREKE
it (PMS ; KLWC-5) # Wi, Zhbik, WTFhdBHMRATH 58, BRIEG /e BifEEE
BEILS, ‘
J-WEKEFIKMEBECE W BRI —EBTR LN L, BRTFAER LI L BRI ED
FURE T4 D BT 5 & LI X BB LR MET B, S & 5 BIAL ML G T
FTRBWBHCTHE T2 L5k Tkh, BORWEIATErHNERD IS5 HHELT
BE, ENTREKRBCAMALHNBAEONS, BTHFOWUELXHRE LCERERLTE
b, RITHFTRVRRCERY Ahs 8@ EEYhs 0T, FHEEEYET S,

KING X EFHIBROWE LY —ELCR O I HSCERER L, ENTOHERK L 2 EREBHK
M3 BN OELeHlET 5. FOBNEIL Prer W) BKRRTHEZSh, EXE LWC
(g/m®) B3 (Bl21E King et al., 1980,

Pyer = l-d-{L+c(Ts—TaD} v -LWC

CeC, LEdiRaA AOES (m) LEE (), L & c3kOKEBS (/e & i (/g
K), Ts & Tatde v v —ROB|E K) L5 K), v TRTEE (m/sec) ThbH, Bigi
1 AT, BECHE SRS OIRKHIC & 5B b b ic 2 BT A L D7D T, &
DI E & A TOREMER AV TRHIC & 5Bk w2 LE] <,

RO b B T OB F ORI IIEL 7 D 85 ob, BREAS L EDY
A RXDOKZVENTOBEAC W TEKELR/NEET 5 EARIN TS (Tanaka et al.,
1988 ; AL, 1990),

2.2.7 BEHFHAXHHDORE

BRF A XGMORPEE, FIETRS i AVIOM-C Of, 19884 X h —fRic
Knollenberg probe & X% PMS &@ FSSP-100 & OAP-2D2-C % v 7z, FSSP kv —+—
Kt EOEBR T L 2R TBAMELRE L, TOREIRFOREILC I VR &by
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A XAk RD % DTERE3 pm~4TpmOPENARETH B, —F, OAP-2Di L —+ — ki
EHBELIRLT VA 29— ERTELZEBRTFONFOKE 2 b« ORI F ORI L v 4
AERET S SO TEE2pm~800pm DA EZ K FORENTHETH 5, ThbHOHEHETHS
NICNBMCOWTESTHL LRI D, BEABERDDHZLBTES,

2.2.8 BE7S 99 ROAEEOBE

HERHH I DEERFHEOMIEI DWW T, REM (1986) OWMEHKCH -7, MECLE
7o HBEHO IR S — 2 v A 5 v 2 VBRIV CE = & — Ui, ¥7, KBREEOZL
KHTHHHT T v 7 AOFHIER X OCBEOBRIC X 5 A0 NIE(LOMIE bR -1, &
BT, BABROBEIKBEELOFEOAYEBL, BT ATAEY S » 7 A0
BB DVTDRITIE 5 T, FMECBEBEEORBINE S v 1 8 LHD v 1 nkflasb
BBFERERE (TKK ; VG-40/DG-51) 1wk E=%—1L1,

BEROEBIC y 7 CETHRCH LTEER LR L AWTn55), v— L &
ERTEFEVTW B2, 2 —f GEfTHAD THBASh, iEC + 1 ricX Ve FHL e~
AEEL, AN » A ik b a—A%FHTE, v~ 252250 Vv ANETEE - TE
D, EY » 1 rTiX e — 2 OREGEMIZEICHECEI-NS, SO 2 v ikt O R
EWOFMME—%T 2 IOCBEAEIRTVWAHDT, 20D b ) OEisfasie -1, Rl
VAL DREEANRY » FALELTREIN S, BUIE 50, n—1H0, 23288 L
BEE, BEOEKRIY e — 2 OREKE GHEE »HThsd, TOEE 0. LEETRYEBIL
FeRED AL ¢ BRIRE=AKIC L W RRNTEX DI 5,

cos@,=cosf, cosl,

tan @,

tan ¢ = tan 0,

—7, BEOET AT b2 — IS v M e CTHEIh DS, 2 (2 -AZRET
% AlsED IECEE IR TV B0 T, BENIKELLANDRE, oV LRELRFTRDT
NEEFETS, UL, CoFM, v AN IWE, COBRZEIEHTELOT, ZIT
AEIhic2—/A0,13, EEMOEb ) OEEAYERDLTLDOLET 5,

DR, BEOEROFN ¢ .13, BEOHLOMME (FLo v vk VEy b LIEKDOH
f) ook THE, KA THELLNS,

¢n:¢0+ 0y+n'_ €

COROEBOE (x— &) WOWTike D& D HKEFET DT, Asano and Shiobara
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(1989) kB X5, ek tane =tanb,/tanf, 1T & BEEE, EXD (r—e) ® (e —7x
/2) TEEHEXZORELL, , , :
COBEES (0., ¢ AV HEEHHINOMESECOVWTIE, REHL (1989) % X O°
Asano and Shiobara (1989) &L\,

2.2.9 F—2NF

BUpE, [REER, RITRESOHET — 213, ThEFhORBEH» HEANCERBEDOK T
HIOIN5, Thd OB IR TRE0F v+ VRV B BT, 18F v VEADT F v FAJ]
iz icyT — & v — (ETO; Thermodac32) # 3 5B LI, TOF— % i —itkm | ¥E
DF— %+ H V7Y v IRTETH S, BHIROFEET0300kn/h CRTF 50T, 1BED
H V7Y v IIHI80m DRSBTS, T2 v d—CTA/DERIRLAET — 21,
RAlF—2&Lblhty b - F—Fba—x (ETOIEC3M) CloThty F 7 — ST
BEND, Dy P F—F I AKFHEDOERIII200KAA F T, 185+ VEADTF — 2% 1 IR
TR T B L9555 TR B, LORDBIEMC T — FOT@AKBEL IR D, HRETIED 5
PF — X DRPHE LB DOBHESTH B, 1988ERELIMI —BOMZBA FHT 5 L 517
e, T2V a2 v CHIET S EELHERM LT, ZOHKXTE, F—~xrH—T
A/DEHINicF — 2130V 2 v (NEC : PCIS01UX21) W3k L7 S-RAM KBMIh 5,
S-RAM i3 2M ~ A + DEExR D, ~AF VIR - FTR#ETHE, 72 F—-3H55D
F—gx 1By VY VI THARRIRGE T 5 LN TES, LORDBRFO KRR 78
oo TRLOPEF — 21X, BUKTHE, 5—% 7 —SEHBEE (HP; HPI816, TEAC ; MT-
1000GP) & & - CT1600BPIRER. 7 — e B X . bk, AMGHHHE (HITAC ; M-280) T
PESh 5, '

BRERS JUCKRECR IS T 28D T+ H 25 (SONY ; TR-55, Victor ; TK-860) iz
Lo TELRERTHOMAB I OT HOBEIL, A TE=%—Xh5b LRAKT, BXF— 4
& & e NTSC = VTR(SONY ; SL-B5, Victor ; BR-9000) wiigEh b, £hbDEF+
5 21, B THE, ZEEGMITER (PHOTORON ; FDM98-RGB, NEC ; PC-9801VM21)
ERWTEN NS, ¥k, €547 — 7L, BOBOMT Lics & 5 Bk ok FHEL
EETCHEEIRTWS, EBOHUET — 2R ETFT 4T — 2L, ThEhICEEHESIRAT — £
EBBLC, HECHETSZ LW TES, ’

2.2.10 BHEOBRESSUTMHELR
MCP OREFEIL A TR LB D TH D, ERASET MS-42, MS-801) &2\ Tid&

SRR IR EE O B AR BT 5 C L1 X 0 NG BT - e, RABSE
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(PIR) s & O'ARAMHRBSHEE ST (RST-10, IT-4) OBEII BRI O I/ Bt s H e Fl B2
R CERfE, 1990) %M ic, WEDORERMIZ—20~25CTH 54, *ORDOERIEIL T4
RichTotz, WTFROBRE S BRI A XS ALHBICT > 2 2R E L, BEE 1 @0k
EXRITI -7,

HEBHRER (TS051P) CoWTHl—a v A& v 2 VABR L ORERE T/t & &
%, 0~30CORERETEDER0.2CLUNTH S C L MR LR,

SHEEH (1332A3, P199) % X CRIEBER (ATP20-1) CHIE LIcKE X M T Lic & &
%, 1332A3 & ATP20-1 & OZIZEE6000m ¥ TT 2hPa LT, P199 & ATP20-1 & DEIEE
5000m % CC 2hPa LAF, FEET000m Cit 4hPa DETH -7,

2EDOBRARE (137-C3) #HEHE LIcE A, BARBENIOCT~—40C OHFETE DX
IHER0.8CUTE s epd, BARRES—30CLU T THRKALSC, FLBEOCELOKREVWELEIA
T1CHBOELR LI, ChRfiEOEERERCHEELDENCRRTS DL EL bR,

2 £ X &

BREFIEfll, 1986 @ MUZeiRic X 2 BN, KSEMRAPTTHMHRE (FBXKOMR), Ni8, 145-164.

INEEREIE, 1986 : MUZEETER(3). MUZHAN, Ne371, 33-39.

DNEEMAZE, 1988  MiZeatER(20). MAZEHLTRE, Ned03, 46-50.

HREES - BRFE= - A TR F- - BFFEE, 1990 ¥V a v - V- aBRABRME OREREE
DEARL ¥ — 2B ROEERL. AXRREFELHBTTRE, 57, pl09.

HEEH - BHE— - MEKI - mEE, 1990 BEEORS - EWEESOMEREN. ALK
SEFETRE, 58, pl2

Asano, S. and M. Shiobara, 1989 : Aircraft measurements of the rédiative effects of tropospheric
aerosols. (1) Observational results of the radiation budget. /. Meteor. Soc. Japan, 67, 84T-
861.

King, W. D,, C. T. Maher and G. A. Hepburn, 1980 : Further performance tests on the CSIRO
liquid water probe. J. Appl. Meteor., 20, 195-202.

Tanaka, T., T. Matsuo, K. Okada, I. Ichimura, S. Ichikawa and A. Tokuda, 1989 I An airborne

video-microscope for measuring cloud particles. Atmos. Res., 24, T1-80.
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2.3 #BAFT—&"

(Observational data)

AETI, BRECHT 5 KEEORENRBUECOWT, —RAE LI WEECEL
7o) BT — 2 %PRT 5, BREIBF — &%, B HEEO GMS iHES, SBRRTHEN,
KEFa 7 4 A BIOZOBMYWEENT — %, FLTHHT —~2DIATH 5, AWRHE BT
BB LD, CIRHREIND T -2 EED, BART - 208 E IR, JET — %
BEOBE LRI ORNTE L, R4 TBlan LSRN Sh T 5, BRACHTETDOF —
£ DFENTISET LTIV, ThSIRAOEENFIBTE LR CEFEIRL TS, IE
F— 2 DEMCOWTIE, MECEAT —% - T4 v Y —RBRBRIN,

2.3.1 1987TEEDOERAEH

BWIARE D 19874E 9 H20H  13:20-14:40

¥ AT ALERHH60km O, (32°35'N, 139°35'E) & Li#20km X 40km D22
pi: 4

(EEW)  EEEE200m, BEAE2000m OFRE, 800~1100m iR, EFHREER 6T,
BIRHCIZ 2 CREOFRENES RS hic, |

(BE) W RARFNC & 5 EARITFLTO.08g/m’, A TI2e/m BETH -7,
AVIOM-C & & 5K OBIRIE L HEEIE, T TH 4 190ff/cm’, 184mTH D, & O
TOMDH & BT TR T8, BRIAKE L,

(B 8 75 v 7 AOREH AT FRADENF — 2 2 IBBHFHTRRL LSO, &
EE1300m AR T L T b D1, FTHAKEOHEVCGI~NBELTLEST I EXEKRL

CTwh, BEHECTOTHEXEKAREDT — 2 CRERA LIS, FEE HHBILERIA
BT - XD RORBERY, 6/ATRELLMERTE LAMES DR, 2RAM
BORAAEEDAE BB LTS, & ORMENIZENOEBYRERNORCATHh I
DER FH ORER (FH—10) BototdbELbhb, |

k EEE® (M. Shiobara), K¥ & (H. Mizuno), EBF#= (Y. Mano), {REIF = (S. Asano)
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GMS-3 VIS
1987 _September 20 14:00LST

40N

|
|
|
i‘
2ot
i
i
i
b
i

130E "~ 140E ~ 150E

Fig. 2.3.1 Visible channel satellite image from GMS-3 at 05Z on September 20, 1987 around the

area of aircraft observation.

32°40'N
OVER CLOUD
32°30' [~ .
UNDER CLOUD 1987-09-20
13:40 - 14:35
| 1 ] l
139 “30' 139°40" 139°50'E

Fig. 2.3.2 Flight path of the aircraft C404 on September 20, 1987.
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(a) (b)
ST 7 5 e
T ] | Liquid  Water Content |
ol 1L 1987.9.20 |
T I Jw |
zal Ud T Ea i
< | 2 %
5 12 2 ]
_g 2L 13 & 4
- < b J
1987.9.20 . |
L T I T e 5
Temperature(°C) g/m 3
o (c) (d)
| Liquid Water Content | Number Density
0.4} 1987.9.20 J oot 1987.9.20 13h28m-13h36m |
13h28m-13h36m AVIOM-C
% oaf Jw o5 3000 1
o E
)
0.2} 1 200
0.1} 4 100
0 ol ! ‘
= Time(:'lzin) 34 % » % Tim:(zmin) 34 %
(e) U]
4 50
Effective Radius Size Distribution
1987.9.20 13h28m-13h326m| 4o} 1987.9.20 13h28m-13h326m |
o AVIOM-C |
E ]
a
o 20f; E
10
0
28 30 32 34 36 0 10 20 30 40 50
Time(min) r (pm)

Fig. 2.3.3 Thermodynamical and cloud-physical data from the aircraft observation of stratocumu-

lus cloud layer on September 20, 1987.

(a)
(b)
(¢)

(a)

(e)
(£)

Vertical profiles of the air temperature (T) and the dewpoint temperature (T.).
Vertical profile of the liquid water content measured by a J-W hot-wire probe.
Time series variation of the liquid water content measured by a J-W hot-wire
probe along a horizontal path in the cloud layer.

Time series variation of the number density of cloud particles measured by an
AVIOM-C instrument along a horizontal path in the cloud layer.

Same as (d), but for the effective particle radius.

Size distribution of cloud particles measured by an AVIOM-C instrument along a

horizontal path in the cloud layer.
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LY AL ALAAAMAAMALAAMAL AL LA LR R N s R R R R N S R R N LA RS ERMEE R EE RS s
. Global Solar Flux ] Flux ]
3l 1 ]
E | 1 E :
< 1 X ]
g ] ]
3 O 4
2 87/09/20 1 3 ]
D i .
= < b
- —
. OQE.AAJJ_AAJJ.MA.A.LLLLLULIILW.UJ-UJMLELJJJJ- 0 Lot N
0 200 400 600 800- 1000 0 200 400 600 800 1000
Flux. Density (W/mz) Flux Density (W/rnz)
(c) (d)
1987.9.20 13h42m-13h55m a00 1987 9 20 14h19m-1 4h32m
400 T T ———r———
i IR Flux | =T = ; —
_
R ~N F—1 S - NE LYV + /V- \\
. hodd Ll :
§ VLSRG T il £l Flux |
300 1 I L I [T Y e 300 L 1 —t 1 1 1
aook NIR Flux| 4l NIR Flux
o+ . ~ F i
E E
= r—1] — —_— ~—— — £ R
= .
TR ~~ A~ o~ S e [\[\ 4 \_f\' — Ao /\,\ R
0 1 .T TS DU TN SR SO ST SR SR S o=t T 2t 2
800F — | Global Solar_ Flux| | Global Solar Flux_
o L 0 i Wl L
E | w W E | i l\/\
=\, =
~rA
o i 1 1 [ T— 1 1 1 L PR [ a - L 1 1 L L 1 I;L | W N S—
a2 45 50 55 20 25 30
Time(min) Time(min)

Fig. 2.3.4 Radiation data from the aircraft observation on September 20, 1987.

(a)

(@)

Vertical profiles of the upward, downward and net solar fluxes in the total
wavelength.

Same as (a), but for the near infrared region.

Time series variation ‘of. the infrared fluxes (Top), near infrared solar fluxes
(Middle), and total solar fluxes (Bottom) measured just above the cloud top. The
upward ‘and downward arrows indicate the upward and downward fluxes,
respectively.

Same as (c¢), but for the fluxes measured just beneath the cloud base.
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2.3.2 19894 3 A30B OEAEH

BB R - 19894 3 A30H  11:30-14:00

B P EMEER T ®200km O, (33°15'N, 137°45'E) % 9> & LI=#950km X 50km DZ2
b4

(EZER) EEEES00m, BESE2000m OFRE (BBE) L*0 FEESELI600m O
BEENFE. BEEIDHLIATRLELOBRECEL, 5L IATIHEREL -
T, BEEIAEBHESTH -7, ERIEEDEEY R L, EHEEZ 11T, &
THEIZIZ 2 CHIB OB RENER R b hic, ©ORBHI50~60km PAHRED KT 7 O
R aRD, 2L LTHERABE LT\ iz, KK hazy Th o1z,

(Z%HE) KING BAEFHOHEIZI05EDFET0.09g/m* TH D4, KFEHHOELNEL
¢, KEWHTI04g/mICE LT\ 5, AVIOM-CIZZENIZ A » T ¥ b 7x < SBEEAHRE DB
BORDEF L), BAOESHOFT -2 L REBTEAh ok, ZO0KD,
AVIOM-C O 7 — 2 REBROFABORREZRHL L THD3DTH D, ENFHRBEILZO
HOMBOFIC g L CIREE AT I o T b, BN FOEERITEETHISLm ThH -
oo .

(B &) ZEETCORNEKEZ S v 7 AEBELCBEILDO LR X RHOLD, THEY
Ty I AIDERET T v 7 ADHNKREL LB ERNTFHEINLS, —HTHEBENRSh
%, THITHZE (MS-200) OBEN S T hIhith ol :ELTW5, MOBIET —
ZILRFTH S,
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GMS-3 VIS
1989 March 30 1,LST

130E 140E

Fig. 235 Same as Fig. 2.3.1, but for 03Z on March 30, 1989.

—33°30'N

PN

1989-03-30

12:11

N,

//

S b, (12:08)
- 33700'N - ¥
":‘%\1‘2“
$1-1 | (11:47)
o A-685 151 T,
° C-404 K
137 °30'E 138°00'E

Fig. 2.3.6 Observation flight paths of the aircraft C404 and A685 on March 30, 1989.
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(b)
T 54 Liquid Water Content
) 71 1989.3.30 KING
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_ . |
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= I
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Fig. 2.3.7 Same as Fig. 2.3.3, but for the observation on March 30, 1989, where the liquid water

content was measured by a KING hot-wire probe.
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Fig. 2.3.8 Same as Fig. 2.3.4, but for the observation on March 30, 1989.
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Fig. 2.3.9 Same as Fig. 2.3.1, but for GMS-4 at 02Z on December 22, 1989.

34°00° I l I I |

1989-12-22 —e——e—  C404

TremmTe- AB85

(10:57) 7
33°30° —
(11:24) —
N (10:45) S (3;22) S2
33°00" | | | l ! I | |
142°00° 142°30’ 143°00° 143°30°

Fig. 2.3.10 Same as Fig. 2.3.6, but for the obaservation on December 22, 1989.
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Fig. 2.3.11 Same as Fig. 2.3.7, but for the obaservation on Decembe1: 22, 1989.
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Fig. 2.3.12 Same as Fig. 2.3.4, but for the observation on December 22, 1989.
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Fig. 2.3.13 Same as Fig. 2.3.9, but for 02Z on December 14, 1990.
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Fig. 2.3.14 Same as Fig. 2.3.6, but for the observation on December 14, 1990.
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Fig. 2.3.15 Same as Fig. 2.3.7, but for the observation on December 14, 1990.
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Fig. 2.3.16 Same as Fig. 2.3.4, but for the observation on December 14, 1990.
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2.4 KEEOBEELKIELI-BEBREZEOEYEEE"
(Microstructures of non-glaciated and partially glaciated stratocumu-

lus clouds)

2.4.1 LI
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et al. (1982), Slingo et al. (1982 a, b), Nicholls (1984) BFH~<XT\W5, LiL, BAFIEELD
JBREE W O\ Tix, WCRP (World Climate Research Program, #R&BEHFZHE) =X - Tk
5 R0 FRBBIIA IR E - 7ED D TH D, T HIC Ishizaka and Nagano (1990) DA H 5
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bhTEY, WHEELEKELETEORBEN RIS Z LMbA TS (flxiX, Twomey
and Wojciechowski, 1969 ; Wallace and Hobbs, 1977), BEE* MK T 5EN A7+, bR
i, [EARSCHEESD Db, ARRALOBEREORBIIMED O LR T
LirdbEmhine,
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Fig. 2.4.1 Synoptic weather chart of surface pressure (solid line) and temperature at 850 mb at
9JST 14 December 1990 with contour intervals of 4 mb and 6°C, respectively.

Observation area is indicated by closed circle.
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Photo 2.4.1 Pictures of cloud top layer (top) and subcloud layer (bottom) from a left window of

Cessna-404 during 14 December 1990 stratocumulus mission.
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Fig. 2.4.2 Vertical profile of air temperature measured from Cessna-404 on a sounding, 14

December 1990.
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Fig. 2.4.3 Vertical profiles of liquid water content and fractional ones for specific droplets

diameter ranges obtained from the FSSP probe on Cessna-404, 14 December 1990.
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Fig. 2.4.4 Vertical profiles of number concentration for all cloud droplets and fractional ones for

specific diameter ranges from the FSSP probe on Cessna-404, 14 December 1990.
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Fig. 245 Vertical distribution of images. obtained from the 2D-C probe on Cessna-404, 14
December 1990.
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Fig. 246 Synoptic weather chart of surface pressure (solid line) and temperature at 850 mb at
9JST 13 December 1990 with contour intervals of 4 mb and 6C, respectively.

Observation area is indicated by closed circle.
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Photo 2.4.2 Pictures of cloud top layer (top) and subcloud layer (bottom) from a left window of

Cessna—404 during 13 December 1990 stratocumulus mission. |
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Fig. 2.4.7 Vertical profile of air temperature measured from Cessna-404 sounding on 13 December

1990.
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Fig. 2.4.8 Time series of liquid water content from the King liquid water content probe and
number concentration of particles larger than 100 #m by the 2D-C probe on Cessna-
404, 13 December 1990.
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Fig. 249 Images from the 2D-C probe for A and B shown in Fig. 2.4.8

Wiz, Fig. 2.4.8 DRE100 pm LA LD 2D-CHRTFORBEXFANL, BEXKEDL VB (B) T
2, QDX 5 R FOIREAEIPNEIOm LT THBD, HFEREZNSV, —J7, K
BOMIWERT (A) T, @D X 5AERAKMTAE N EE R LT, BFHEREX100E/
LE Lo Tnd, 0k 5TCEKBHIDISGIICKEL TS D, RAE100xm Lk koD 2D-CHL
FOREERKE It T BEABELhS,

— 135 —



S[BMERENRE $295 1992

LEDI S, —4CEWSBWERREOBEENTKR TS Y, TORRES100ME/L
PlEEws b, BARIC BT 5 BHEOEZWEMEOBEM L KGREBBOMI L 58
R LIFECERECRRERTH S,

(@ ZERTFOHEHAM
EV/$-

KING ZREFHI L 2B KEOHEHAN, Fig. 2410 CRIh T3, I 2Tk, 2D-
CH FEHEN BRI K FRNEETNT DT ERYhoitzdd, FSSP 7Fr—J I L B5EKE
Tiie  KINGZAEHC X5 HDERLTW5, Fig. 2410Xk b, BEXENEE X »#100m -
DRETRAMO.4g/m® e, Th X b EH b > TEKBNEL LEE LB TH0.1g/m°
Lo TnB T ERNGLB, TOXSTEBEREDHESMIT, 1) OBRKEOBERDOVTO
BES L ES RRDLDTH D,

LWC (KING) 13 DEC 1990
T |

|
N

HEIGHT (km)
|
o
I |

0l ! | 1 I
0 0.1 0.2 0.3 0.4 0.5

LIQUID WATER CONTENT (g/m3)

Fig. 2.4.10 Vertical profiles of liquid water content frqm the King probe on Cessna- 404, 13
December 1990.
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Fig. 2.4.11 Vertical distribution of images from the 2D-C probe on Cessna-404, 13 December
1990. )
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2.5 BERI—OVILOmMZHEEA*

(Aircraft observation of cloud-interstitial particles)

2.5.1 JFLBHIC

KFZ=— v VVRFR, BEEOCET TR, BOBREY N L THENCKXZO KRR Y
BeRIELTVS, o T, KR=—rVNVORFDIRH,AT, EREEDSOHREKE LTH
&, BERRCESLCn500, ¥, BRNTERLLTETC=—r VAR TFELTHFETS D
DOEER, TOMRY D Z LRKEFNICEETHD, AR=—r VLR TD5 L, Fhig
EREHEBRIC L D EN AT 5 (nucleation scavenging) MICOWTOPRIT, KKz —nr
VIR TR R & L ERRIGIIE (Ono and Ohtani, 1980 ; Harrison, 1985 ; Okada et al., 1990)
LHCHEOER RS E LT ,‘ ﬁ%‘é%&o“ms‘&tmﬁ@u (Hegg et al., 1984 ; Sievering et al.,
1984 ; Daum et al., 1987 ; ten Brink et al., 1987 ; Heintzenberg et al., 1989) #34% Tl
TWwb,

IhLORR TR, KKRPEFET ¥R L pm KO = — v YANTF (373 78 v H
F) DEEDORKE0-90%PERICBIT LTV B Z LEARIR TS, L L, BEROKEZ BN
BIZiL, entrainment FDOFEC L LMWL —ULA DD, BENERR LTV IWER=—=
JARLTFH, b EdERER (cloud-inactive) 75d DD, Fh b biBRIRIEME- T bIEE
{fELTwinnhd, SHEZEEVEBENE CREN R TE D L0 O»MFHE I T i,

APETIE, BROEERRICL, KKx— v VA OHRTERICETL T 5 b DDEG &
ZREBN» DRD D LI, BR=—n VAN TERRL, OB EYECOWTHND
ZEEHMET D,

2.5.2 BlEHE .
(1) BERN=—w I NVERERA—F v L A V7 2 — LENERY

PRI X 5 EA = — r Y ABRIIO 72 ORBZEKOR AN, BIFE (1984-864-) THA
F LIz B A~ — 7 v v A v o8 s 2 — CREES THL.3M8 ) ¥ HA L, BNERV R
BEGIZ, RN 8mme D=L« F o —TEAWT= kL FIREE, 2 CHE LRI,
FUEHF~BA L, MAOLLHERE COFBIH2m TH5, Ik, BEEEL, Z0
A vy 2 —DENTOENGREDEROFTM 2T/ kD, "—F 1+ L4 v 7 X - RBE
WS H O = — v ) v b RIFFE L,

% M E=FF M. lkegami), HHish— (Y. Zaizen), MH% % (K. Okada)
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(2) =—w VA EREERE

T Y NEREBENECIL, A 7T A= F 4 BT E =% B, FD Model
PM-730—S15P [# vEZ] #1987 9 A, 1989F 3 A, 19904128 0@, * 7, Model
PM-730-SN15P % 19894£12 73 £ 1990412 3 DR R Lic, ARER 60" WABESTX T,
F£20.15~ 5 pm OPEFLHILIEF + v F NV D5 RBERELX RO, HH LA 2 ROWERL, 13
RAETH 5,

Fi, KEPOTCIL, F+ VAILEDO LEWVEEEORRLEENT BV AFLY 557 4
7 R) HRWCERIER{TIcw, RITHEOY V7Y v 7 B2EORER, MEROHKMA <A 7
m—3vhE—SRIRDOIT, BEMER300cc/min (1&E) ffotc, '

PIE 1 TRAT T L TFT78 - 72. Model PM-730-S15P & Model PM-730-SN15P D % & v + 8§
HE R, £ 2he0f L2000 Th 5,

(3) =—w U ARTFORE
cm—w YLNT OB TFEEES TR OREL, [BTRECELET A M 27w, KEDORLE
LI B EORBRFEORRE T - 7otk, 19894 3 BOBMN LT~ 2285 LRTER,
T—r YNKRTIE, ==k PO LIRS et IlmmDf vy 2 X —CEAL, B
TGS ) 9 FA v Y 2 Cotean ot OB LCHE L, i, KB V<2
ZF—DTRTHEL, X RV TR LTWS, V7Y v 7R, TRERNEEMCHTT
fTleot, BAETR=— v VUVBEMEV D, BERER 45U EE L, 1990412H 08
BTRIODEOY v 7Y v 7 b7l o,
BV v oW (8 £/min), =—n Y ANTOEE (2g/cm®) %5 5 FHE & #2172 700mb
(0 3km) BT HA vy 2 — DFREIT, 50%5 » b+ 7HEH0.154mTH S, FEED
Vv S OLE TEMEE (Hitachi, H-600) % L CHZ L1,

2.5.3 #EE

R —r VADORERREYRTINC, FRALLAA—F v 1 V2 2 —OFEBR (penetra-
tion efficiency) %, %l Ui GHXHEE <10%) ARAD=—w V' d v TllE Lo R 2R
3, Fig. 2511 2BDR—F 4 IA ATV E =BT, X=F 4 LA VA7 2 =% LIcd D
L, BERWLODO - VAR TFREXHEL, TORMLHEIRIA—F 5V 1 vt
2 —OFEBRE Ty P LIcbDTHS, TORDL, FE0.8pmb ED=—r YT, 2O
FRENO LT EBMDTENZ LB D, I8, FE2pm U ETE, TORMB0.0LLIFT
Bot, 2O ENS, BR=—r Y AEDNTOREMIZ, EEOAKFOBRECHTEL
b ERELLNRD, 5T, T TRIOFBRMZEELACICHL LTt 7,
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Fig. 2.5.1 Penetration efficiency of a virtual impactor at dry air.
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LT, B - T8 GERESAS0~T720 ft) CHIE S h KR g, filter D728, direct Ic b
TH7 37 e VRRCEKRER]/SBEEDEWMEL /R L (Fig. 253%8K), oz kix, ¥
TI7nVNTFORIEYDLON, BRNABITLTCWRIEERETE0EELLRS, ¥
fo, STTHCER LW &R, ER— e VLONESHEEVTE, EOWAKHER
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Below cloud (500-5450ft) 1990.12.14 Lower and middle part of cloud (5450-7720ft)

1990.12.14
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Fig. 2.5.2 Number-size distribution of Fig. 2.5.3 Number- size distribution of

aerosols measured below cloud
base. The ‘direct’ distribution

was obtained from both cloud

aerosols measured in the lower
andmiddle parts of cloud. The

meaning of ‘direct’ and ‘filter’

droplet residues and cloud are the same as in Fig. 2.5.2.

interstitial aerosols. The filter’
distribution was obtained from

cloud interstitial aerosols.
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BED L 5wEBMCE TR, 200RENTRENADLRIWZ D, BERTRDLA
TABBE DXL, =—r YN FAKESEEIREBC SV TERL L, BRI b o
Tl ERRTHIDENWL S,

wz, TOBEBBREOCEEXFIALT, FOREDO=—w VANTHREKRE LTEHE, BN~ B
7 UTop% 35fi3 %, Fig. 2.5.51%, Fig. 25 30EBN RS A2 EENES LR LI-LDTH
B, — BRI, BORVKKFTO=— v V)L OEBNES AT T, FE0.2rmBEOL T
ACBABRDHRD, L, ZOEBHOKERETEY Y I 7 v VEIRTOBRBKAZD bhlsl,
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Above cloud (9600-11900ft) 1990.12.14

aerosols measured above cloud
top. The meaning of ‘direct’
and ‘filter’ are the same as in

Fig. 2.5.2.

Lower and middle part of cloud (5450-7720ft)
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Fig. 2.5.4 Number-size distribution of Fig. 2.5.5 Volume-size distribution of

aerosols measured in the lower
and middle parts of cloud. The
meaning of ‘direct’ and ‘filter’

are the same as in Fig. 2.5.2.

LDTHD, TOEE, SECOMODERDETRNS L LEWHREFFE LR, Ik, BRCTHE
ffid % &¥ER0.15-1 ptm D=— v VAR FDO0RNEHKE LTIV Z &85,
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LV S ENAOBITEIGE, BNCEHE L TS REELS S S,
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Fig. 2.5.6 (a) Electron micrographs of both cloud droplet residue and cloud interstitial particles
(‘direct’) collected during the period from 11:23 to 11:33 LST at an altitude of 7,200ft.
Particles indicated by A: sea salt. Particle B: ammonium salfate. (Scale: 5 g m)
(b) Electron micrograph of cloud interstitial particles (‘filter’) collected during the period
from 11:23 to 11:33 LST at an altitude of 7,200ft.
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% penetration efficiency (Fig. 2.5.1) THIELIHDTH 5, i, 3!%%0.75 pm B DR FO
penetration efficiency 1, FEHIC/NE L, WIEBEDBEMLL VDR LBRNTH S, 19904
12H14H DBM T, BA=— o VLVORNEHZHIZT T, BENOERELEN=— 2 VLD
Er bR IRESM (direct) dRL I,

ZEN - o= —m AR FOBRTHEBEEFEDAr — X, 5 pmTHB, TthThoyv S
NVOREFRIEPTR L, vv I8z, A (BEHIVE«E), B (R, C (BELD
EREE) ThB, 753, 19874E 9 AOBNTIE, =—n AOREILT - T il % 719904
12 0% v I OBEBFFBEFE R, AhBR LD, &2 TCRNESHRO LY RT,

2 £ X ®
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2.6 ZRERFFRNTICLZIEMBINT A—XDOHE"
(Estimation of cloud parameters from spectral reflectances measured

by airborne Multi-channel Cloud Pyranometers)

2.6.1 [FL&®IC
EBOKGHRECHTEH7 5 v 7 ARBRIL EDFERSMEIE T 5 Idc, TR SR
NBAZDNF T 9 DDRIESF + v RNV e R OMEBEEEADL 3 RESH I B HET (Multi-channel
Cloud Pyranometer, LAF MCP &W&0) #BESE L7 (5 1 #61.457888), MCP B%o HigD—
OURHROBERHMOBEHALT, V-t ey v v IEKRC L VEFORFHESPE
BT OREBWREIL EOBWEH AT 2 — 2 HETHZ LD D, KBBSOTHRIE TR
ARZ M AOREPD, ZOHPKHENEI L ERHETHZ Lo, iirbERSh
T\ 5 (f %X Hansen and Pollack, 1970 ; Twomey, 1971), BEC Cocks et al. (1983),
Curran et al. (1981), Stephens and Scott (1985)%1%, MiZeEHRAON L (i3, 2HE)
BEE 2L, BrLORPHREOWESMDOREL DEYH T 2 — X OHERRSZ T
%, B, Twomey and Cocks (1989) %5 J U Nakajima and King (19901, Zh bu B I
FIHROER D PRI BT 5 FHNEE ORES DEBDOHHEME S LRRWRE FHLEER)
ZRIRCRET 5 HERBR L1, Fic, Nakajima et al. (199113, FIRE ©B1F 5 BHEEDE
WGE L, TOHECEETh 584 ORELZFMCRE Lic, ZhboWRcHVbh i BuH
HE, WThAREOH XS Sh 2 BHREYRCEFATHET 530 THS, I T
X, REBCERIREMCP IR > THIEIhDKEBE D75 » 7 ARBERDO AT + LI
Wb HBROKEOWHE T 2 — 2 OWEXRARD, 77 v 7 ARMEEFIFATHZ LOFIK
i, JBOEMEREDDHEN T &, T, BHODDBMHENKBENESTHB T &
BT bhD, 7, BH7 7 v 7 2, BEHRECHERTL ) RWERTE» L 0F 528
e, W77y 7 AWEDHBAIL, HEETHEOKFEHAD L HAGEETO—HRENE
REh, ZESMELES 8D, oB, TITHEIhIER, EYRITNCHETBRE LR
EBLICHEE, BRIKITT Ty 7 ARKEEFMEBRI e G2 5BYBEAF 2 -2 THD,

2.6.2 FEELIalb—var
(1) HEHES L EROHE ‘

TSR O ARIHRIC 351 2B 5 D RE KB OBEL S, ERDIFHE I RPER DORFEK
PR FRICHEE T 5 & AT E S ERBILE, 8 1 Fig. 141 B TRcih ke,

k BEL— (S Asano), EFRE#H (M. Shiobara)
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WL D BRI T D RED KGR, FREFHEIC I IRESTE D, M), fhk
SR BT B KOBIHFC 17 5 R, BENFOREICKET L LV RFICESL

(Twomey and Cocks, 1989; Nakajima and King, 1990), MCP %\ /27 5 o 7 A KEEHROH|
EDD, BRAEOKENES LHHFELHET HRHES, M CRICES <, MCPOER A
DF v VEANCETHEBOXFHES 7 (AL, KDL SKEIERLS,

7(A) = [N-ka(A) +u, - K(A)] - H. 2.6.D

IR, ki3, BAAEL O BN T 7 E BB LIBRBREBGRETH D, NIENTFOEE
ETHB, u bk, BAFREYL D ORNKEORE, K, IXAEDOBINGEHTH 5. K, 13 MCP O£
F 4 RN (ch) ©O7 4 02 —EHICEKET S, BE (O) RIVED ch. 4 (760 nm) K OKZE
& (H0) WD ch. 6 (938 nm) #Bx\~TC, K,=0 TH5, Hix, $hiE ﬁﬁﬁuﬁg&{ﬁﬁlﬂl
EROEMAIFNEITH 5,
—, BRNFRIESBRERLTV5, ZORKWHNBERONESMROLN ) BE&VE, £
hEREKANTERSI N L EHV-E r. B IR B v. TRT,

= Srz r n(r) dr, (2.6.2)

v, = S (ro—r) 7 n(r) dr/Sr 2 n(r) d (2.6.3)

T, EREVr Er+dr OB E TR AN TORFEE®RTHNES B TH D, EBED
% < ® monomodal 7t RS AL, APERHI MK CRGEUTESDT, T THHREERS
MK,

)y — C _ _ 2 2
"= o ey exp[—(In 7 — In r,f" (2 0%)], (2.6.0

PERATS. TOBE, r.BLI0 v, SAEROATA -2 B IT o HWTKRD L HEE
®5,

r. =1, exp[b0?/2],
(2.6.5)

v, = exp(o?)—1.

CORBS RS ER, MCP D& ch. CRITH7 5 v ZANHER(AIDAF 2 — & r, Bk
N v CRT A EER YT, TOE, ERNFRI5—REELEOHERX, KoERERITEL
LT, 4O ch. @i LTk Hale and Querry (1973) OfE%, AHRSED ch. iww LT
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Palmer and Williams (1974) O{fE% F\v- 7z,

77 v I ARMBEOEHEE r. T T HEAFY (v, ZEE LIHED) X, ERIFKL ch. @
FhE < toTinb, Fig. 26112, ch. 2 (500 nm) %% 0%ch. 9 (1650 nm) 123613 57 5 » 7 =
KRR (500) (FE-4%k ) X OR (1650) (4% v) %, BE500 nm it 5 EEDNHH
B DB E LTRLE, Kb, BZERIT, 2 m»h520pmE T2 pmBRELILTH
5, Ch. 2075 » 7 ARKRE, r2 4 pm THRERKLTREBEERDL T, HENE X 74 DIE
TIRIERE > T5, i), ch. SORHEIL 7, 1D L KFTBH, KFEHWE IR LTI
o ZA0THIFIL T L% 5 TuB, NS X OSTAAND 0 & 5 IR, T
LEDFEDOMIFHEEEDRILE e - T 5,

REFLECTANCE VS TAU(S00NM) REFLECTANCE VS TAU(S00NM)
T T T ——

I . i Ty
o.sE 3 0.9
w 0.8 i w 0.8
(%) 4 [
Z 0.7 i = 0.7
< 3 -
G 0.5 3 © 6.5
w E wJ
E 0.5 3 E 0.5
oz 0.4 1 o« 0.4
% 0.3 i X 0.3
3 LAG-NBRMAL 1 O
w 0.2 VEFFz 0.15 4 w 0.2f
TETAO= 45.0 Z E
0.1 LHC=0.16%M-3 0.1 LWC=0.1G6%M-3 3
E CH-Z(SPOnm) E . CH. 9(1|650nm) 3
C PN B R SR I | e 1 A b o) 38X 1. h 114 n I TR B A 1 L 3
10° 10! 102 1000 10! 10?2
BPTICAL THICKNESS (SO0NM) BPTICAL THICKNESS (S00NM)

Fig. 2.6.1 Computed flux reflectances R(500) at wavelength A =500nm (Left panel) and R (1650)
at A =1650nm (Right panel), as a function of the cloud optical thickness 7, at A =
500nm, for various effective particle radi R.; between 2p¢ m and 20x m, with an
increment of 2y m, of a log-normal size distribution function with an effective variance

of v,;;=0.15. The solar zenith angle is set to be 45°.

e, WESHFEORN DT HRIETH DM, ro ¥ —EECEEL, v, %0.1050.40/T
XL ch. TOV 5 » 7 ARMERHE LR, (2.6.4) X' T°E3h % mono-modal 47
THBED, v, DENE L BHEIED TN WT L BHEID SR, 22T, BTFTR (2.6.
D REBWT0,=0.13 (0 =0.35) CREET S, HL, BRH s drizzlele EOKREZ N T &
¥5 L 5 7z bi-modal H A DHFAITE, BEVWEED ch. ©BWT, v.OBEWK L 54D DENETS
5,

L EoEBz 5%, ch. 2 (500 nm) & ch. 9 (1650 nm) D7 5 » 7 ARKSEROBEMH S, K
FHEE T EEDER v X FERRCHEE TS, T, ch. 2 ch. SOBRREETHT7 T v 7
ARBEROWEMEEL, T & r.D2ODRT 2 —ZDEDIFIFMARERHLT, HO2T
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DHIHBLTRCIIHELZHRL, twér. ORBEOHEEGE XL, R (500) & R (1650) ORIE
KHRENEZTNZHEE, BHEL L THEIhD tw & rnOELEEERT D LIRS,

Fig. 26213, ta & r. OHEBCRIFT 7 5 » 7 ARNHEOWEHEDH LY > I o U— FEEL
KRERERT, M a, b, c RO'd X, OFICRINSEICK LT, R (500) # X O'R (1650) i
FhFhE3RDBRENS TN LB EOHEAITHTHHEHEEL T T, MEBBENOESORA
DFEAFERO—O, MZEEOBIRC LD KVEY 7 » 7 AMEDOBRX (HBF2H,1986) TH5,
DA, 1.4 TR MCP Ot ps 5 ch. 2 & ch. D EEMESRISHRIEI B DT, JEH
& LTI R (500) 38 X O R (1650) 3L/ NG & 72 % 2B KEHM & 7e 5 A8 (1D a Fiuk

20 T T — T 1 |-|'|'|'|'|>

18 0 =45 -

o]

EFFECTIVE RADIUS (um)
w
i
0
1

- a ° -
6 d bj d

0 .l.l.l ! l A ||I|l||1|-||| i
10 50 100

OPTICAL THICKNESS, T(500nm)

Fig. 2.6.2 Effects of errors in flux reflectances R(500) and R(1650) on the estimation of the cloud
optical thickness 7 s and effective particle radius 7., simulated for the four “exact”
values of 7 and 7, shown by the symbol ©. For each case, the points denoted by a,
b, ¢ and d represent, respectively, the estimated 7 s and fe,/ from combination of
R(500) and R(1650) which involve relative errors of = 3 % . For example, the point a
indicates the result for errors of — 3 % both in R(500) and R(IBSO), and b is for errors
of —39% in R(500) and + 3 % in R(1650), and so on. '
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d) BERLATRERLE, 77 v 7 ARHEOUEL £ 3R DOBREDBRENEITNHIHETH,
T IAARMET=420%, 7. 3=+ 1 pm OFBETCHETEDLZERNRIATWS, L,
Fig. 26.1 2L 3B baig X 51, ZOHEEDFEH TE 2 BARMAIL, T0=100, .<25pmiC
Bohs,

KEOWHRNEHTHHENER 7, BIOFES ¥R &, EROKERIBEKEIWP LD
ik, IWP =2 7,r./3 750 BBARAR D 3T, #- T, MCP ®ch. 2R Vch. 9075 o

I ARMENOHEI NI T & 7. ED D, INPBIRE S,

(2) EBBAREOHE

MCP i3, SHBINOMVBEETD T 7 DF v VR LML T, 760 nm OEESES T ORI,
R 0'938 nm D AKEKRINBE L, PIEF » VFE AR D T B, AETIL, ch. 4 (760 nm) © 7
T v 7 ANSER (T60) & > EBKEOHEL OWTHIT S, ST, WIHDORAT » 7T r. 2
BEShBE, KELk v (=0.13) LAb®T (2.6.40) ROWMENHBHET S Ltk
% ch. BT 5 BREEBUERE ke (D) B LB ABCEEN LR TOVFHEE V 05k % 5,

2.6.1) K& d LT, ch. AT BT BEFENEICONTLDB E, RNFENEROBETH BEK
BLWCEHAIL,

N =LWC/V, (2.6.6)
TE2bNB, —J, BAIFEHNES H13, RCHEINT T AW
7 H=17xw/ (N k. (500nm)), 2.6.7

LEERED, LTAHT, MERENO L 5 CROGEBERS P > T BHETIE, R0
MRABSEN—ETHLI LR LD, BUXERES-VOBEOELEE D, &R, 2.6.1) X
KHRWT SRABUIN (FIELWC) DR ETSD, —KBELT A<~ Fis S o —kiBELEC 3
CWTHRARTHS, T, HEIR tw & R B, LWC (%, N) #E 2 CiELE
ch. 4D 75 o 7 ARBES, YIEHELE L L2E*EXKEORHAMEBE L T2, BRI LEOK
ERIGER Y OB EEDHEIE, D ch OFE7 4 VX —DFRART bLERAY » b
BA & LT EFH U RING D% EEI% A, ESFT & (Asano and Uchiyama, 1987) I X 037
PLCHLEREGTECH AR, [T OHBEEE, HITRAN BIRET — &2 X — 2

(Rothman et al.,1986) % fH\~C Line-by-Line #:1c & h 318 L7,

Fig. 26312, ch. 4D 7 5 » 7 ARHHR (160) % EARE LWC OBIRE LTHELLY I 2 L—
Vg VEHEOBIE RS, KERII, ta&r.? “BEfll” THHIBEORGFHEOELEEL, a, b,
L CBIOdORBERA LM, R (500) %X 0R (1650) KEERE FhHEE 0 Fig 2621
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0-8 T T T T T
i ® =45
0.7+
g R
S 0.6
=
=
0.5
CH.4(760nm)
04 | { L | .

1
0 01 0-2 03 0-4 0.5 0.6

LIQUID WATER CONTENT (g m3 )

Fig. 2.6.3 Flux reflectances R(760) of MCP-ch. 4, as a function of the liquid water content, for
two “exact” cases (thick solid lines) of the cloud optical thicknesses of 7 s,=16 and 64,
and with an effctive particle radius .= 14p¢ m. Curves a, b, ¢ and d represent,
respectively, reflectances computed for the estimated values of 7 and 7, given by the
corresponding points in Fig. 2.6.2. The point @ (ord) gives an estimated liquid water
content, instead of an assumed “exact” value of 0.2gm™, when the reflectances R(760)
togather with R(500) and R(1650) are underestimated (or overestimated) by a relative
error of 3 9% . While, the points a’ and d’ indicate estimated values from an exact
R(760) combined with R(500) and R(1650) which involve relative errors of — 3 % and +
3 %, respectively.

RENIC T & r, DRIGT B#EEEX AV CHEIREKHEERRT, K, LWCO “Effi” 28
0.28/m* TH D, ch. AD7 5 o 7 AREED ch. 2KV ch. 9D [EEE & FRC — 3 % D&/ SRl
(Ffix+ 3% DBAFM) OBEERXELE LIEE, LIWCORBEEE LTHEIhLHEIX, a
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(¥72120) DB TERINBHELD, RV CEBCEVEAEESh TV, AL,
LWC>05g/m® TiX, R (T60) D LWC AR B3/ S BB 725, BRE LWC 3Rk %
5L, (2.6.6) R VENTOREEN bHET D, Lo, BWHEE LILEBORMENE S
Hix, LWC kBT,

H=IWP/LWC, (2.6.8)

LLtT %%@‘C LHTESD,

(3) EWKREKEOHE

RO 2BEDAT » 7LD, NEFCHE ERE LIBRKEDOHENES tm, AR
FEr. BIOBKE LWC AR % - BT, KEKBNE D ch. .6 (938 nm) IZ B\ T,
(2.6.1) AL BN D2RAFIKEREDOA LD, £ T, BEXEHRTEOSRA LRABT, B
HEIII Tm, . BIOCLWC OEICX LT, KELKEXELI R THE L ch. 61k 5 7
7 v 7 ARSHER (938) OfEin, WEEE—HTHHEOKEKREL HHEL T 5,

Fig. 26412, ch. 6 DIXHIER (938) D~ § o V— v o VEIEOBERT, Ta, r. BLO
LWC DfEs “BfE” L Th5HE LIBEE (KER &, ThHIEH LT Fig 263 D&FE TR
ShicHEHEEAVCEEAEDT7 5 v 7 ARKRROE(LEY, KEKEOBEE L TELL, T0%
%% ch. 8 DRHEBOWEI MLOLTD ch. O RKHEK L IR CEEOMMEEL SHHACIT,
EEEVWME (¢’ BIV ') OKERIENHEEINTWAH I ENARIR TS, 3bHA, B
SRETHHKEAXEDHEL, —BRINTITFIRIED 50, 7. BLOCLWCI EDD T 2 — 4
DHEEIMNEERLS TR TWAH T ERNHTRELS,

2.6.3 BATREEOH
(1) HOEREE (19904128 4B EHD DHH
bROTEE, AXELHE ETHbh BREOMEFHBENC TS5 MCPIL X577 » 7 A
FHEBOWET -2 HHL, BEEOEWHE S 2 -2 k#E L, TOE, MCPK X% 7
5y 7 ARG, BE LY 1 kmORGEEC TS FAE 7 5 » 7 AREAMCPO 1 Hic
THEAE7 5y 7 APEHMCPOH IOl E LTEHE L (F 1 14588, —J, B o
T DIBHAE D EIE, MEBBIK O ALBIERC BT 55 o4 YV v FRIIK X 5 KK
BTy vk ER, BREYR CEESEY b OV PR ORE T A HBERER & Ric LT
fTotz. BHETIRE— Y LOBRIZER L, BHHCHIGT 27 5 v 7 ARBEOFEE
i, RITEERCST S THE7 T v 7 ARKNTLHLAET7 T » 7 ADKE LTERE L,
Fig. 2.6.51%, 1990121 14 B &L Dl 9#  BREOEH Lo K 13 5 MCP ©
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SATURATION TEMPERATURE ('C)

-30 -20 -10 -5 0 3
T 7 I ! 1 I [
\
\
B ® =45
0'7 Ye = 14}1]11
LWC = 02 g m?
0.6+
<3}
Q
Z
[ .
]
z
05
04" CH.6(938um)
{ | | { 1
0} 1 2 3 4 5 . 6
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Fig. 2.6.4 Flux reflectances R(938) of MCP-ch. 6, as a function of water vapor amount, for two
“exact” cases (thick solid lines) of 7s=16 and 64 for water clouds with an effetive
particle radius 7,=14x2m and liquid water content LWC=0.2gm™*. The curves a, d, a’
and d’ represent, respectively, reflectances computed for the estimated -cloud
parameters of 7w, 7o and LWC given by the corresponding points in Fig. 2.6.3. The
point a’ (or &’ ) gives an estimated water vapor amount, instead of an assumed
“exact” value of 3.0gm™®, when the reflectances R(938), together with R(500), R(1650),
and R(760), are underestimated (or overestimated) by a relative error of 3 9% . The
points a” and d” indicate estimated values, when R(938) and R(760) are exact, while

R(500) and R(1650) involve relative errors of — 3 % and + 3 %, respectively.

ch. 2,ch. 9, ch. 45X Wch. 6 D7 F 5 7 ARHER(A), ROThLEZMHE - THEE LG
LEMEATZ 2 -2 EFMES, FHYE, BEXERIVKESE) ORRIISHO—HITH
Do HRFNMCE T, BEIORR 1 2%, KPHEEEW 5 kmiZ Y35, BRI OEFORE
BZOINEEEECH D, LEmEL (BEE32300m), EE,SIITABAEIET TRLTW,
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for a horizontal flight path over the stratocumulus cloud layer measured through the

1990.12.14 aircraft observation. The solar zenith angle was56°. Rl

wavelength A (the scale is on the right margin). TAU

500nm. REFF :
WATER VAPOR: water wapor amount in gm .

Fig. 2.6.5 Time series distributions of the MCP-flux reflectances and estimated cloud parameters
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HeE S A BEA S £ — 2 DERINANC b, FREDKTH O R E M R T b,
BL, FR¥EE, BREOKRFHAOTRHERBECHL LAEE L, Xh k&R s —
NOEBLRORD, ARG, BAWCECHTE, L IERTS ORRGE BT B
#RETHOT, Tg/mMULOKRERMEHIHEEINRTVWSH, EWERTIRIZEEOCRE TOA
RMAEKBIOEVEREE IR TWB, Fig. 26613, BAELWC Of#EEx A (2.6.6) Xk
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Fig. 2.6.6 Time series distribution of the estimated particle number density (Left panel) and cloud

geometrical thickness (Right panel) for the same case as Fig. 2.6.5.
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Fig. 2.6.7 Time series of liquid water content (Top), particle number density (Middle) and
effective particle diameter (Bottom), in-situ measured by an airborne FSSP-100 probe

in the stratocumulus bottom layer of the 1990.12.14 observation.
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Fig. 2.6.8 Same as Fig. 2.6.5, but for a stratocomulus layer observed on December 22, 1989.
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2.6.9 Time series of cloud optical thickness (Left panel) and effctive particle radius (Right
panel) estimated from the MCP reflectances R(500) and R(1650) for a stratocumulus
layer measured on December 21, 1989.
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Fig. 2.6.10 Wavelength distribution of the MCP reflectances R(A) (Left panel) and normalized

reflectances R(A )/R(500) (Right panel), measured about 11:07:10 and 11:12:40 LST,
indicated by arrows in Fig. 2.6.9, on December 21, 1989.
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ESTIMATION OF CLOUDPHYSICAL PARAMETERS FROM SOLAR REFLECTANCES
MEASURED BY THE MULTI-CHANNEL CLOUD PYRANOMETERS
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Fig. 2.6.11 Schematic diagram of the estimation procedure of cloud- physical parameters from
MCP spectral reflectance measurements. The shaded boxes indicate input data, and
the thick solid-line boxes give the estimated cloud parameters. By-product parameters

from the estimated cloud parmeters are shown in the broken-line boxes.
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2.7 EOWSINZ BT

(Radiation budget analysis of a water cloud layer)

2.7.1 @FLslc

BB HHD [RERIL 7 Stephens et al., (1978) & X » THIREI TR, B, BH
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LI RATHE (A685 B112:15~12:24, C404 Bi112:16~12:21) ©F — 2 OFHER B\ I,

% EFEES (M. Shiobara), IREIE— (S. Asano)
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Fig. 2.7.2 Time series of cloud optical thickness (Left panel) and effective particle radius (Right
panel) estimated from the MCP reflectances at wavelengths 500nm and 1650nm for a

stratiform water cloud on March 30, 1989.
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#1x McClatchey et al. (1972) DHFRBELFEEF L& Vi,

7, BEIMZREN T — 2 L BRENT — 2 & b LB EF AL L DR AV,
Ay, BEOmALER (1600m) ¥ TRAHERNEE60X2 5100% F TEMAKNWCHEML, EA
(1600m~3600m) %100%, ZEIH (3500m) 7>54000m F TiX100% % 5163 F THEARHITH D
L, Zhi b E2316% & Li,

2.7.6 WH7FvI7ADL IaL—2 a3/ E

EF ML LIER TV A X450, BXKE, [, KERDOHRESx AV CREEZEO BT
BEafiiwv, ZEBETCTOBHY 7 v 7 AR BEIE & g Lic, RZKP—ARISETEREE L
tro BRTFOVA XPMCONTEREEINE-TcDT, ARPELXI6 pm & LEHE (A
VIOM-C OoJlliEfE Ric5<) L1lpm & LcHEd MCPIZ X % 5 YD D DHEEE) @D
W, BRSO HAED. 13% dORBUERS M HE L C—RERLELFHE L, WThofad,
PES00nm I BT BEONFHE 13, MCP TRIE SR - KEELSHE IR IEINNC 5 X
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5FM L, KEREHEEDOF B O\WTIE, EE0.3~2.8 ym% 240" Y FRHZLE AV F
1z Doubling-Adding ¥% i\ T3 L7 (Asano and Shiobara, 1989), KKUZEIEE (1600m)

FTARE, X% 38, EE (3500m) 2 bEES0km ¥ TE2TB OB HE| Lic, =—w Y
L DEEESATE McClatchey DTS & F A& RE Licds, RS & BT RIEER=— 2 v L
PEELEDOTHE DRI RELNEF AT - Tb, FABECOWTIE, B 0 ~2050
cm™ @foo~5pm) & 50DV FESHILEAY FIRCKER, —BILRE, +V Vi X
OEROWINEER L, hbO3ERERIE, Fig 2710 v 2 (=16 pm DBE) L
#ya [r=11 pm OBA] THEIR TV 5,

2.7.7 EROHETINI

KEOHERBECHLTL, T WT2HENES v, BNFORNFEX & T5
&, SHERES LEREKRBIIEUMCIWP=2 7, r/3 Thxbhb, HRHERXI pm & Lz
B4, PES00 nm OIFHE S ®1008 T 5 & IWP~T30g/m? & 75 b, BIUHE (219g/m?) ®
3.3fFWis s, TOLE, FHHEIhZEDORICRIEW R, EHRIHRE b EREOFHAN T
BUWMEE X —%T5, Lal, BREFHIMGE LR TRAbEVwEWS Z LREXKEORE
CHIER DB L H BN TS, hot-wire HFRDOEBKEFH I X 5 AER R OWT, Tanaka et
al. (1989) X AVIOM-C & J-W K EE & O Hlgh b J-W EKEH ORER RSB XN T DR
TR X 0 1/6RECHE/NHE LTSl S5 Z LR L TR Y, SEOKINGEKE
FHC X 2 BARRC OV THHEOEKE X v @/NGHE L OB AEREETEL L,

FRRE, BEREX6m & LB, LENE I Z 100G 5 e ERKE 2 BHED
4,82 T HBLERD D, LT, EFAFEK L BERARDOBINALL £ m DA TER
fELDENKE L, EHNO AVIOM-CEMCIES S ZOFHFRLERFMIEK TH S50 d L
f\, L, 232803 AV MEHS X DI AVIOM-C ORIEMEITERB O BIHCHT 5 b
DT, BEBHONE L LEEBOHLBOMEERET SO TRV d Lhlky, FE,
Fig. 2721”5 X 5 MCP IZ X 5 5 X0 RET A HiEE Lic AR B, R EVWED
FIFTAE L, FCHAFHTECHOLEH TN Tz Tn 5,

5, HEEROBENC X DHRNEH 7 5 v 7 AOHEMOER IW/ mBET, BRFYA X
DR EASHSE R LT C Tt o 7o, 5, ZBAKOBBINEE LT, & ORBAR
Bsta 1T0W/m* B3 % — 7 CHRABUER & LT80W/m2 % S L, IEbkE LTIOW/m* D HEHD
BRI X W EED b T ie, BRI R BE NS - AR, KBRS TR+11.6 (2B,
+1.0 (@), +0.2 (Ff@ C/day, HofsTiz—15.1 (L@, +0.4 b, +9.0 CF
J8 C/day &ish, HEWC X2 EBOMEL, FABHC L2 TBOME, LBOKHEZRL
72,
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2.7.8 HBREHER

1989 3 A30H DERAEIC R % 2 BOMZERKC L 2RI X b, A—0ReNL T
DEBO LT CRKEOE VKH 75 vy 7 20F— 2238 5htc, MCP IR X5 45ERHER?D
BEIR, SCARH - TP LBES00 nm O2H0E J139100C, BRFOALERITIL
pm THote, —F, BN TO AVIOM-C BRI X BB F OV 1 X45AFi35.5 pm £ 14 pm &
BEEOY - 720 2 IHRIERS A CTET LI h, TOFERIZIE pmTH o, £
T, B 75y 2 AOBBHBECRE O TASEREE16 pm E1lrmD 2B RELLLEC A, %
2B X A31900m DETHZME X (500nm) #3100& 725 e dizid, KING BAEFH CEHAIX
hWEBREXY TR LhA8E, 3.3FTHLERD -, EBOLTCOLAE - TREY S v 7
A DBRME &L B EEY L Lz & 25, KINGEKEF A EBEOEKEY 1/313 £/ L
TnwicdThkbE, BRERE1 pm & Lz k SERAE L FTEETRE-B L, BEEs
16pm & LEBAELRBERBORBRL - TW5, WHRIMHEOBINA 1L pm OBSTENTHE
B & DEHAE L, AVIOM-C BIICE S OB ERDOEZBATEHS L Bbhb.,

e LT, HHBHA 3~ 4 XDOWEBRELHTI OV EEHETE L, SEOBRE
PR U HEOWRILEKITI L, Stephens et al. (1978) @ [EERIN] W2 5BAKEVLDT
i ol B2 5,

LirL, AL LTBRTOA RSACIIRHEE SV > T\ B, 19894 FE LI FSSP
r—7HIVOAP-2D 7 v — 7 X 5 BN FIE LM S hic s, TOMITRER CERM,
1990) 1%, FSSP & KING i X 5K EIXF—FK T 52, AVIOM-C Drh L iz—#eT, &
BF DA RHAFEDTH FSSP & AVIOM-C & T—H Lis\wZ & &% Lz (Fig. 2.7.3),
AVIOM-C & & % BIEMEE, b B HNTHEERKEr o7, 5%, KING ZKEE &
AVIOM-C DB ER 17785 s &, BRERHECOWTEERNHAENSLETH S,

—J, TTCRLIERE, MCPI X 55 REHROWE &, AR 5\ LEHRIHER B 5
77 v 7 ADWERERITLNCFIERT, 7 AR L5 KEBEHORHE - TREIZ MCP
BRI LHEE SN BN FOEHFREB IONRFHNEINEETELIDTHH I LEREKRLT
W5, LaL, ‘Stephens and Platt (1987) = Nakajima et al. (1991) % X » T, EHKRANBHRE
BOSHREEOGREN KBTI L B LB ERICRFINZE I b b —Ric/h X
WEHEINTERD, Ffcls “BRERI” BEE LCERRED TS, TORRAE L T2.7.1
CRARIZ L SR CAWARBEHRD DD, KERDED—2EXLRTWS, & LLEHRNE
TR B TREZ ORI ELNER L 20 5IE, TheER LYV E—- vy v I iRE
BEMDERIDBRHLIND Z EPBEL OIS, Tisbh, B TATEDLRLEREOV A X
DAFDEGEERN—F LI PR DES, ThBORMICEL Ik, RV Ih:
EYBRUEPLETH D,
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Fig. 2.7.3 Comparison of the liquid water content measured with an AVIOM-C instrument (Top),
FSSP probe (Middle) and KING hot-wire probe (Bottom) along a horizontal flight path

in a stratocumulus layer on December 22, 1989.

2 £ X K
FfESBCE, 1985 1 B X5 AHOBE LN, [RBHRIC K X iETBORENCEIT 5B ATI%E) B
EHDSIRRRAESE (REH L MPIEL), FLAFREH, 125-138.
HIRER - REFE= - HEFA=, 1988 | BRBOBMEHOMZEEAN. AFSLERETFALTH

# (63) , p204.
EEES - BFE— - BWEKM - BEE, 1990 BEEZOKE - EMESM O BE8N —
AVIOM- FSSP-KING i & 5 EBAED H#i—. HAZEELKERLTHEE (653), pl2.

Asano, S. and M. Shiobara, 1989 : Aircraft measurements of the radiative effects of tropospheric
aerosols . I . Observational results of radiation budget. J. Meteor. Soc, Japan, 67, 847-861.
McClatchey, R. A, R. W. Fenn, J. E. A. Selby, F. E. Volz and ]J. S. Garing, 1972 . Optical
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108pp. » ) ;

Nakajima, T., M. D. King, J. D. Spinhirne and L. ‘F. Radke, 1991 ! Determination of the optical
thickness and effective particle radius of clouds from reflected solar radiation measurements.
Part Il : Marine stratocumulus observations. J. Atmos. Sci., 48, T28-750.

Stephens, ‘G. L., G. W. Paltridge and C. M. R. Platt 1978 : Radiation profiles in extended water
clouds. () Observation. J. Atmos. Sci., 35, 2133-2141.

Stephens, G. L. and C. M. R. Platt, 1987 . Aircraft observations of the radiative and microphysical
properties of stratocumulus and cumulus cloud fields. J. Clim. Appl. Meteor., 26, 1243-1269.
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2.8 MZTHBALEPLI-BET—FORIT*
(Satellite data analysis of the same cloud as observed by aircraft

observed)

E BB ZE D IRIPIIC 360 T, NOAA @ H725838 & A L - BREOMZ2 BRI, 19894 3 A
30H D— T TH - T2,

19894E 3 H30H 03Z i3T5, MZEHBIHIERR T GRMEIK200 km) © NOAA-11 ©
AVHRR ©F + v 3L 1, 3, 5 OEif % Fig. 2.81 k3, AVHRR D& F +» v 3 L DWHEHT,
Fig. 282 R$ & 512, ch. 1, 2 MTTR~EAS L CREREAD, ch. 4, 5 3\ DR (I
BED, ch. 3 KEBEG & KBS OWM G OFEL T HBREHTH S, HPic, RERKAIC
B MR ORITER (BN EEZEHORPMRIT) & Lic, MZEIZEROPRAT 2 HEN L
TE D, ch. 1 DFFKEE & ch. 5 DBGRAO TBB IRIFREEICI » TEB DL, BWER
BOBTH > ERRELTVS, |
Ch. 1, 2 DF[F + VEAMIFHBOF + V T v —v g VHfThhThisWedic, EENL#
MV Lisd 57z, Ch. 50 TBB13260~265K TH b, fizefiic X 2 EEEEOBRE & X<
—HLT\w%, Ch. 3D TBBX, KEBBH ORI & - THEL D EDOLHEL, BOKKS
DEMT 30K FEEZRLTWS, L, BOHRMTIIIHCHEER & » & TBB OEWHE

NOAA / AVHRR 1989.3.30

ant

13780
31N

138E["

Fig. 2.8.1 Images of AVHRR/NOAA-11 channels on 30 March, 1989 near the aircraft observation

area.

%k HE#H= (Y. Mano)
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Fig. 2.8.2 Wavelength of channels of AVHRR/NOAA-11.

FAER & ARG L TV 5. OISR, THOMIADT + ¥ XL TRBELRT, ch
I b,

AVHRR ® ch. 3 B.7pm) I2OWTIL, #Ek, WROBHEHAKEOHEHHIhD Z L 1%
<, BOVE— vy v ZRBBEAEFR IR WG, ZOEEEHITHER & KR
DEFFECAEL, MEOEELXTHELHEVHEH IR TWLW—HTHS 5 LBbh
% Fig. 283 ch. 3DERFH BT 2BE—HHE 7 V- ¥, HEHRR, IRHRT ORBREFH:
HRT. KRBT BRI, B—HELT V= PRI WD, 2278 D/ E VKRR
STTCCMML, MOBXRGE, BERSEAR LD LEEA~DRERDH A > LEL,
Licis T, BEWERE DWW TRER VA XT3 HEEN RIS,

19894E 3 H30H DBICDWT, ch. 3=FIALIYV = -t vy v 7% T o, EEEBES, 3
B ENERR T A — 20, PZEBN - ALED VT - AVHRR/ch. 505 — 2 BRIz, *
DA, FERREGIAT 2 — 2R EHECOWTIL, Table 28.1 1% &dt, TOHELLT
&% ch. 3D TBB%, BN OAZVEE L EKEDBIHE LT Table 2821/, FHEICH -
ToRERE S EAREORA Tk, TBB IBEENOEERIET CRELZ L3905, Ch. 30D

{1
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Fig. 2.8.3 Single scattering characteristics of water droplets at the wavelength of channel-3 of
AVHRR/NOAA-11.

BIEEZE O h A3 2 BRI 1E300-305K T b o Fein B>, ARDEEIT 15 4 m BRI T2 5, ko
THT ¢ ARG (AVIOM-C) OBERERE Fig. 284 CRT, BHOFMERILEE LT
BemBETHD, ch. IZFACEN YA XOHEER, MEKC L 2ZENOEEBEN LR —K
Lz,

—75, Fig. 281 12H\T, iﬁ%ﬁ@ﬁ%#E?ﬁ&:bifhki?@tiﬂﬂ&ﬁiﬁo) ch. 3® TBB 1
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Table 2.8.1 Method and parameters used for remote sensing of cloud.

Atompsphere—ocean model

cloud thickness 2000m (1500—3500m)

cloud top temperature 260K

temperature lapse rate in cloud 5.8K/1000m

sea surface temperature 285K

sea surface reflectance ‘ Fresnel formula for smooth surface

Time and position of NOAA—11, cloud and sun

time 0325Z

position of cloud 33.17N  138.0E

direction of satellite . zenith=>56.0" azimuth=19.9°
direction of sun zenith=30.4" azimuth=-—106.3"

‘Numerical method
16 stream discrete ordinate method

Table 2.8.2 Calculated TBB (K) of ch. 3/ AVHRR as a function of liquid water content and

effective radius of cloud droplet.

Effective Liquid Water Content (g/m®)

radius(g m) 0.1 0.2 0.4 0.6 0.8 1.0
40.0 277.5 276.6 276.3 276.2 276.1 276.1
20.0 . 294.3 294.1 294.0 294.0 294.0 294.0
16.0 300.7 300.6 300.5 300.5 300.5 300.5
14.0 304.7 304.6 304.6 304.5 304.5 304.5
12.0 309.5 309.5 309.4 309.4 309.4 309.4
10.0 315.5 315.5 315.5 315.4 315.4 315.4
8.0 322.4 322.3 322.3 322.3 322.3 322.3

275K R TH 0, AEOME L I AEFRANC20~30K K FLTw5, TBBAMEFT5EKNE LT
&, KEBBHCHT HREROE I Eld, BEREECETAELO RS, BECHL UL,
ch. 50 TBBRAELRB(ILARLRENZ E D, ZOMEERITEG, Lichi-T, KBE#H
RHEEOEFEELDND, KHROEFORRE LT, EAVEHMICHEL fe o e 7T E
KA RO E 1 IR KOHBESE 2 DD, LTAB, ch 10B(LEARD L, RER
RETFTLTELTHLAETOMARRLT VS, LichioT, HSME S 0ghic X % HEk:
u¢é<,%ﬁ#ﬂ%@%m#itu%%«®m%m&%kahéoLmﬁ&tU%;}ﬂyy
V7 DT ch. 3D 215K DEE BT B lcdiciy, KERRET AR, HREEL0 pm L
DEXMFEM*EE LTl biswv, b L, KORRBTF2EETIE, BRFEER20~
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1989.3.30 12h50m50s-12h53m27s(LST)

so‘nso’lle-illlrlllllll!.'l|||l|lIll

51m09s| =

51m52s P

10 20 30 40 50 60 70
Radius(um)

Fig. 2.8.4 Size distribution of cloud droplets observed by aircraft. Numbers in the left column

indicate the time of sampling.

25 pm E7n by, BOMORG OB, DIEIL, REKDELLDOFEUNZYLCH LY
DI, EEEHEYEF CHMOSKOERETED T, ch. 3L ch.5D2RTL A FT A%
< o7 (Fig. 285), Ch. 5® TBB 43 260K f5% & » &< 7c 5 &, ch. 3@ TBB ATREMEIIC
EFLTW%, ZEBEDD HMEEE L Tch. SORHEFEALE UTWBZ End, Kok~DH
ELOWEEATHIEELDAD,
Lo L, BT, NEPBBMICKEL BB 00, BREKTH-mESEL DS, Ebb
BEBTH L0, SROBECHEMOBAERIL L > THLLI > T D EHEI RS,
LAEw X b, AVHRR @ ch. 31k, HUWELXRITE, ZBRONROHEECHEL TWHZE, ¥k
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- NOAA AVHRR BIHISTGRAM 1989.3.30 032

W\

"4, N
.,4 X
"
7

240 260 280 300 320 340
CH3

Fig. 2.8.5 Bihistogram of channels 3 and 5 of AVHRR/NOAA-11.

FOWEEIMERERNC X VBRIEI A2 LRI hi, KEEXKZOXFI~DF|FHIZOWT
12, 5BOFEELTEIRD,
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2.9 MZRBADTLDHLSEHORE"

(Summary and discussions)

bBEIC R TR EFBRO L WZEEC X 2 BOEZEBRA BT bl >k, T3
BOBAF - B DIHE oz, Thid B ORENIBEHRCKESESLTH2ED
b bT, BEIRLOPRCHERBMUMT ~ 22832 KWL TW5 L DOF#E» L, EXNSNO
BN R BN B 10T S, ARCROBWER S X OBYH - B ORI L 5T
B =—r Y VOREECRENCENT 5 LAERTH D LB B TH S, RS
WEOWTHE I BECH L BB h T, T, ARLENT -2 285 0k, SRR
TROTR - HREERDLES B oTc, LT, WEF — 2 ORI - ZRBFRH: 3 L 08
BRSO 404 % T 7 370 D IC RS DIRZR T X % R BB T A R L (2. 18), 19884 DB
WEhEAH L, TOZ LBFHY - Z2RMEBHEORE VRO & » TREELHRET
BHoleht, COFEXRBI LR LD, ZROBEIN S L OEBYEEME & R OX % 73
N5 FCHEERBEOCBRNT - 283 MEbh 5 Lo o1,

Wizefs BN, FE - TEOBRESLNG L LTALEEBECiTbhi, 4EMOMzEE
WTEBRITF— 2B RTH S, TO—HIR2.IWEHEA IR TS, BB F — 2 OFEMI
W, MECBNT -2 - F4 L7 ) —RBRIhLL, ThDLDF — 2 XRAOHREN
FATED XOTCEMBINAT WD,

BIEL 7 — 2 AED R TE D, ThE TRESRARRIC OV TIZ2.3~2.8/c#Hifs &
hTWBERYTHD, LI TR OhOEELHA M EOh, T, LB KFHERORS
HieEDO—2THALEDBHEEOHBECOVT, TORHEIWLNC IR, A, B IE
YL (BEEE~20C) OBEEREER, —BCLOTEEENMNMAET S _BREELYRLTEY, *
OEEHIL, LI ULIERCEEYEY - TW5, i, BETTR, LIELEERED -,
BEZOMUYELERE, —BRCKT - hEHHE EbDTIHETH S, KPHHOEENE L
Tk, WK EILA Yy — v TRB km O RMOEEHBH T — 2 B I OEYHT — 2 D5 M
RdH5H (2.38D,

ZIER CEEEE W—4TC) 23 2KER LIOK L LBEZOMYERE WELH, &
KERE) BFANLRL QA KEOHE, MEHTMCREREREER TN, EER
CERBREHALTS, —F, BENTFER, EB2BLCRE—ETHD, BEREOEIL
11, BRNFORKEIOFCI > THuebd3hTb, ¥, ZEEELR— 4 CREO LEIE
PUBEZCRCTOKSNRBETHZENDD, £D I 5TKLLBEETIR, BREXH

k BEIFE— (S. Asano), HREH (M. Shiobara)
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CEEHTRELS s T, LT, ERLETKEAREL, ENTRERPBNABZFC LY
BETAEEDTAMBL TH BT, FSSP 2 2D-C 57— 2 D e I hiz,

MBI, BN - ATo=—r Y rofllEdfTbhie 2.58). Chicik, KFoEs
EEOFEVWEFIALT=—r YV EERTYHHETHLDOEN= — v Y LS ERBEE N bR,
ChIZEY, BRBRICEG S =—r VL OBbERTHED ZHENE ORI, Bb, BRIECE
WTH T I 7w U CERR0.15-1 pm) O=—w VABBEOEERBONEN IR, F0E
B, BETH65%, ER TR TH -, ThbDRFid, B%E LTEEEN TEBITL
bDLEXLRD, Fi, BENTORMT v =9 AR Tie EREKE TR D 5 5 RIBH D
T YARRELTHS I LRI h, ZBERNCECTHBENEDOEY, 5\ ikkEm
DZEBFEIRARE L T inZ EATRE I his,

“EORTEE B ICREIRERTC L b, BEZOBRMHINZRECET 5 SEEONE T —
BB, —F, BEORGECER LS HEZAM (MCP) I X 5 EOSISHED
HWEND, VE— vy VIHCKEOEYE T 2 — 2 OFMEX, AR¥E, BEKE,
HRHAERSR) 2HETHIENTEL 2.6/, ST, TREDOPFES0nm & FEHRARD
1650 nm D ¥ B AAbE T, BERONFME S LENOBFLErAMCHEET 5,
7z, KR TORALA—EIcHERS FORINE (760 nm) ORHEENLEKESR, Fic, 938
nm DKEKBIE O KHE» LEHNOKEZEEHET 5, HEISHCEYH T 2 — 21T,
ZOYHBEEOBEEBIMEE LT, 3283 b L REF-TWB, T, HEEBELH VY
. V—va VEHER, KBEREOSERRE I OERHROBHEYRSER LTS (2.7
#).,

AP IV D MABBII T, ZOMWERNE: L BT L oM ESYEE, M
DEL, BRKE b ALRBIEE EOBRECH RS S 5% Bm T, CORMNTE, T
LU EOREREORIET 2 L5, LrLadhs, CORLALKHEEFECOWTHE
SnkEERS V. Fll, EYREOWEE, WHC L 5WUEHEDOKNERESBD LRI,
DL, BEOWHBEEOTHINCIE, FREREL TREWERILL, KR E LTHEDORBY
BIhTWabI e, Fiil, REOKEZEIERRE SR TELIDL N LI DOBREEZHFA T
by, EEOREIEMERIISATHS, ZOMIE, $%Ed, HF4x0WBOKRTEY
&, BECRAYERDILEND D, ThiHic, BRAEOBHFUELERITH T2 -5
ELTHEE IR TV HHEREARY I AHE Wl id~1 7 e BEKE $5EOBAIKC
BNz 5 BERD S,

)5, BEHBRC LT, —EORTEIC X 5 APRGENL AT L X Y A0S
WF— 2 RELRDL XD otch, TOBER TS LT A THRCERNR—ECOWTL,
TR —BORENLETH S, i, SIRHBWEC LB FELEOEYH AT 220D
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HEMEE, FUELOFR—FK% (WY 5 “BERIN” ) OMERKR-T, BENLDDY -t
VYV IR BEYE ST A — 2 HOERALE#ED D ETH, TORMERRRT D Z EHAER
ThH%,

GCM e BT 2R EHUHOBROBBIET B LW IBEALDTH L, BUNGOERE LT
HAXETBZERPBETHD, =V VA VAV Mo EOEBROIFEABZE L TORLD
T, BORE L Bt L OBREYERT S Erbd, SHROBIICE VTR, BOBIE - )
FE0g (AXKESHELE) OUBHIEERILEL D5,
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(Cirrus observations from a ground-based system)

3.1 BMEHE. &SLUHABE
(Purpose and method)

BEREDKGE (LT, BELBHF) 3, #R—RIROBHINZ DA LT, HRE L
DORNFIC & > THEERBEZ I LTVED, KEYRT 20H TR - Tt WER
D—DLltoTwb, BIL, BELOEECR T, BEIEER L L THENE Y 4 — F
Ny JERARFEOLEIL LR TWABY, TOBMXOEBRIUO T T THD, HBEX, —RICHT
BEMEL , FREOCFINCHE L, THY R X OFRIMRCHE LCEEH, FERETHS &V 58
DD, BWBECHIATAZ LEDVE T, TROKELZRE: - MO EY
30, £ LT, ZORMHRE, RIETHREFEIN TV WEZOEWEREE OKGDOFIR,
BROM, BERLE) Wl EKET S, T, BEIFERBOKELLH > TWBZ LD, B
BROEFALEEORELHL LT3,

fs, BT, BEAGRE, BRIVOIRBEID L IHBEHOEEI DL
%, HFEC D X 50 ey AV EERN (BliiX, Heymsfield and Knollenberg, 1972 ;
Paltridge and Platt, 1981 72&) ®, 54 #— (BlziE, Platt (1973) & HFC & 5 —HEHOWFIE)
AR L ENSDY - MERARTbh D X 5ot LA L, fEROBHEITIE, Y
EBHORBHIEDHNL, XhdTHR\, 2D L 57z Ehb,  SUERBLE BASL X OBk
ThAfh Eh7c WCRP/ISCCP BI#E D [ZE—Bui] ERBAK IS\, BEILBHOEERR L
Ro T %, ,

APRCEHNTEH, BEHHOEREBUIGIE Iz, RREMWI-Z2OFI 1 OM-TH
H, =2k, FE2ETHRNLHBPEROREIH LS TR - FROBREL SR L LcHize
BBERTHY, 503 L5 EESENS R FBOEEY L E Licl EBRITH
%, ZOBIE, KEWRENCT, BRTV VT, 48—, SERSHZEGRIREH
RER X b, BEWRCHES BBEL EPREOKGE OB B R & B R O R KRB
F—2kBHILEXANETS, i, BREEELICE XX, NOAAFREODT — 2% INE - B

¥ KB §EBRFEZ - AL - ERER - BREEES
BRTFV VT D REEE - N EIER - KEF & - (LBEFA
T A4 F AR B KT - BEABCC(1990FEN D) - B B (1989FE ¥ T)
skk EBEFIE— (S. Asano), WILBE{E (A. Uchiyama)
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WL, BENLO LAZBHOME LTS, REBENOBCELI T — 2y ML, BED
BEHENEER P SN T B0 T, BERER LD FORRSMENFEELTA57D
DYE—+ - VY VF 4 v OEMNEROEEREER L BB,

EEOH HEHCHE LcRgs - BIHEB % Table 3.1.1 1% i, BRTF Y VT HYVIS,
LIfiZR) 3, Z2EOBPHECOWCOBRRYEEB L Z Ly BN LK Y v T ThD, 7

Table 3.1.1 Instruments for the ground-based cirrus observation and measurement
elements.
ST
Uk sk fE (D) shamEE
EHRTF/ Vv KU, B, REE, KEK R,
(HYVIS) KEDHERE, wEsHE OkROK, 4 1 X,
' K& ¥, kKR)
Lider
S [5:853 fER AE (Fi) shayEEg
VE—54 5~ 694.3nm ® A AEL R FE - ZEEE, EF,
YAG 54 57— 532am RLRHE AL DHFHE &
7KiE & KEE DK,
KB DORFKE
Radiometer
ik [:823 AER AE (i) shayEag
SEEZEHNET | 368nm, 500nm, FEEDOZ <7 v | KIBBH Cxd 2 ¥R &0
(sunphotometer) | 675nm, 862nm 51 ‘RS
bR HHE 0.4 ~1.6um SREHT I 72 | MRATORBBEINET 5 »
(R REBEE) 7 Z
7 — Y TR 800 ~ 1200cm ™! | FHRAKH R <7+ | RABFEB O G HE
FRASEERT Ao 10um B O EFHE &
(FTIR)
RABSEERT | 9.5 ~11.5um FRABHOKGHE | BRBEOH TR XFNE S
BEREE EOWERE
EXRHHE 0.3 ~ 3um SRAF7 757 2 | MRETORBEH 7 5 » 7 2
EF N CiE 5 ~ 50um RFABH7 7 | MRETOFRABKHT 75 v 7 2
7 R
BRI AZ ERENT EEDOKF5
wE
NOAA AVHRR, HIRS | Al g0 A O K R
' ROV RERE RABBROG R - AENE
EOF: i) '
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774 7Y E= DYV Y IDFRCTHSTA X —OMME, B - RERE, WHEOKFH
BI#EHNCEHETEL X ANCLTW5, HYVISHADFHC LW IR LT, 5
1 X —BFEGENEREY 52 T hb, KNS, SHEZEHT (P74 b2 —2%
(sunphotometer) % fiH), XA KAHE (BFHEZOH MCP, LAHER) »HR), &
A NOEER (FTIR), FRABEHRERT, £ XAMH S L OLRBHH T 1D 5,
BEOH LHHENE, FF (5 A~6H) LMFE (9A~11A) HBAMEERELT, kD%
HD L LT -1,
@ BXTV vV FEUNTREIAS D R ORBRFLET S,
@ KENEZCRBbhTH5,
® TROEOEEMNS5/10LLFTHS,
L, B, BETIEEREA0V —F VBIRIOREEC IS\ X 510:00~14:00,
16:00~19:30 (JST) wHilRIhiz, BUAEHET 2 & X1k, ThELhOFIBRT X 5 BHHER,
GMS © WEFAX 1 X 2EDRE, NOAA # 2 DML % Hik L&V s LB R T - T,
K S B A & AT E OWERHE Table 3121 R Lic, BRT Y Y731~ 20/ 18

Table 3.1.2 Observation date and time.

Instruments Date (YY/MM/DD) and Time(LST)

1987/12/11 | 1989/06/22 | 1989/06/30 | 1996/10/29 | 1990/11/01 | 1990/11/19
ERHF/ VT 12:11 ~ 11:05 ~ 10:44 ~ 16:58 ~ 16:51 ~ 12:05 ~
(HYVIS) 12:54 ~
544 — 10:14-14:06 | 08:50-09:22 | 10:22-11:26 | 15:58-18:24 | 15:29-16:55 | 12:07-12:31

10:30-12:10 | 12:39-13:28
14:36-14:54

SEEE A — 09:00-12:59 | 10:26-13:59 — — _
(sunphotometer)
skeXREgE —_ 09:00-12:59 | 10:26-13:59 — — _
(MCP)
ooy sestmat — 10:45-13:15 | 10:45-13:50 | 17:00-18:20 | 16:00-17:40 | 11:10-13:30
(FTIR) (5 £30E) | (5 2FBR) | (10 SRR) | (10 2RIFE) | (10 S
FRARE BT — 09:00-12:59 | 10:26-13:59 | 16:03-18:31 | 15:56-17:42 | 10:37-13:46
XM — 09:00-12:59 | 10:26-13:59 | 16:03-16:45 | 15:56-16:40 | 10:37-13:46
LXK g — 09:00-12:59 | 10:26-13:59 | 16:03-18:31 | 15:56-17:42 | 10:37-13:46
NOAA HE NOAA-9 NOAA-11 NOAA-10 | NOAA-11 NOAA-11 NOAA-11

(14:51 ~) | (13:03 ~) | (08:21 ~) | (13:44~) | (13:10~) | (13:12~)

NOAA-11 | NOAA-10 | NOAA-10
(13:29 ~) | (17:55 ~) | (18:26 ~)
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W, 51 &=k 25~%5HE, FTIRIX 5 4 % 72X 105k, SEBEFHI200MERTT — 2%
BB L7z, NOAABEDF — 2%, BHRENE 23§07 — 2 2 NE Lic, BT — 2 DL
BURPLIE, Table 3131 % Lt, ORMMEESR, AIRAE, —3F - 2ELTH5, T4
X —0D1990%E11AI9HDF — 2 X TRBOEENEL, BLAET =21 BLR TV, JXE
K BEFHIMEEIE D LD L PEEAN QLR Y F 74T o Ty, FRAVBEHRERHE—50TC
BIF I T X 7\ 2 b 19904610 H 290, 11A 1 HOF — 2 O—TER T — 2 ThH 5. 19904F
10A29A, 114 1 BiX16:00 (JST) WX OBATHZ D TRFTHER LRV ERHHT DT —
23R L&,

IFAZETIE, 220 FEAOZARCOVWCORUERLREZRL, TIrbB80h5HEE
DEIRIZOVT, AN LIckER 2R T,

Table 3.1.3 Data status.

1 Date (YY/MM/DD)
nstruments

1987/12/11 | 1989/06/22 | 1989/06/30 | 1990/10/29 | 1990/11/01 | 1990/11/19
ZHF/ VT O O O A A A
(HYVIS)
545 — O O O O O O
S CEEE S ET — O O — — —
(sunphotometer)
nELEREHE — AN A — — —
(ZEREAYE)
AR — O O O O O
(FTIR)
FRARGHRER — O O O O O
£XREHE — O O ] 0] O
2RBEET — O O O O O
NOAA #HE O O O O O @]
QO : calibrated data, A\ : not calibrated data, — : no data
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2 £ X ®

Heymsfield, A. J. and R. G. Kollenberg, 1972 : Properties of cirrus generating cells. J. Atmos.
Sci., 29, 1358-1366.

Paltridge, G. W. and C. M. R. Platt, 1981 : Aircraft measurements of solar and infrared radiation
and the microphysics of cirrus cloud. Quart. J. R. Met. Soc., 107, 367-380.

Platt, C. M. R, 1973 : Lidar and radiometric observations of cirrus clouds J. Atmos. Sci., 30,
1191-1204.
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3.2 BNF TR
(Microstructure of cirrus clouds observed with HYVIS)

3.2.1 FLHIC

LEER, HEROBS =X A F - IHCELBIR LTS, Tibb, BRI, TEE -+
BELD S ERCH - T, Kb OBSE KT L > THIRT 5 LFRHC, WREDS\VIET
JBE - FBEELLOFMNEH Y TIN L T EBEAS THRAEHEBEH LTS (B, Hb,
1985 ; Liou, 1986), LEEIFAET H L, FABH OB ESGEOHMBEF, LERD LEE
DEBEZ LA, HERPONANFEEIND =R AF - AT HZ s, HEBAUNC LS
FBEOEEIIHN% L REL DN TE Y (Barton, 1983), LBZIIMSHINTICN LTKE LY
BERIFLT5B,

DL 5 Ie EREOBSEED, ZOMpEYE (ENTORE, MR, NESAS) Ko
THEEh T3 (Liou, 1986), ZORMGHFIE LT, BBREN LB IZLZLIELERLR
LREBEDEDLYOE (=) OREREEEXETLHIENTES, O r—ik, KEBENIR
FRER D K a B A BEOJBEHTC & - TR I h D (Bix1E, Wallace and Hobbs, 1977 ; 5},
1979, 1988) #%, KEDOHRPK & I X » THEHRUN R > TE D, e —AER IR
EFEELHD, Lich - T, EEEORMEHEOMITICE - T, BYEHLMD & & 2MRAR
WEETHS (Cox et al., 1987 ; Starr, 1987),

LEREoEYEEN YRS S HEE LT, VE- VY VBRI EERN LR B S, Y
T vy V7B, BERNE S X8, V-F-BUELRH D, mERUIIEE
CIAWEF 2 EET 5 Z &2 TE (Curran and Wu, 1982 ; Barton, 1983), 5 4 X — & HNTE T
I IFEGE LBl A 472 %5 (Platt, 1973 ; Uchino et al., 1988 ; 478 - 58X, 1990 ; Imasu
and Iwasaka, 1991), L& L, V€ — b vy v Z7EINE, ZHFE I h BN T ORYEME Krim
BE 2BMT 570D, RHFOBRPKBESMEMND Z LEHTEREVSIRABD D, —77,
BEEHITCE, MEgENE v FRIERD D, ENTORDNES M OB BB LT LS
(Braham and Spyers-Duran, 1967 ; Heymsfield and Knollenberg, 1972 ; Knollenberg, 1972 ;
Heymsfield, 1975 ; Heymsfield, 1986), L7 L, #ER{THON T X oSNNI, KFH RCEIC
BT AT EDL, HEHFACIBEIBEE G E WS REBRD -, ZOETYRT HE
BEBROFRE LTV vFRHAEZ RS, ThE TERTORIRCRES M HEEN+
LY VFEAENL, VYT TE 2 BULBRRE S 5 I led KB I T o T,

% XKE £ (H Mizuno), ¥AERHH (T. Matsuo), # LT (M. Murakami) , [HE A (Y.
Yamada)
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KEPFEA T, Vv FCEB L TRN T2 B8N T 2 BERE (BT v 7)) kbl
L7 (WEBSEE &4, 1987 ; Murakami and Matsuo, 1988, 1990 ; Ki¥Fft, 1991), AfaT
i, COBNT VT eRCTHNIh I EBE6flohnrs, SEXEADOV—Y 4 vV VT
BABNARRHC TR RTER OB E e 1989 6 H22H DEBEORGIEHRET 5,

3.2.2 BAEIH
(1) BETY vF OB

EBRNFV VTR ISZENTFOBELZBUORM A, TRT (BEBKHERESHL, 1987,
Murakami and Matsuo, 1988, 1990 ; KEFh, 1991), TR TV v FHAKRRCM O FTFHRT LA
T5EE, KaFOERFHINTRHIEHOEWN 7 4 v AHRIND, KFMiRHD 7 4 v a
i, WABHE -2 - PBRB L CEER D, TO®KKY 6 BT S, 0 X 5 ERE - #ik
DFILOBEFRD A 7 V%R0 LT, HLW7 4 L AHCERE IR TRk A & 2H5D TV
BAZTHEHFIND,

TV 3 A5 O—DBEM TV » 2 5T, F0.2mm~10mm OB FE#|ET 5, & 5—2k
PSR TV 2 2 5T, ER5 pm~1000 pm ORTH#FETEEEEATVAA S THS, It
B, BEERATVIAZEA -1+ 749 A (BBKY) VY ARERMIhTEY, E-EME
TV % 2 51043, RBFIO= » FABERAH 2 50 EAG10 cmich B, 7ok, BRUEERIC
W, FEP T 4 L AEEE L TEBROSKEB L OKBEMEDOEOHETFOESD, Lich-T, X
BEANEWVE ZOEEMEG T r —FONFERER Y —RMCBETE LRSS S, ZD2
BON AT LOBEBREE L, 74 NV AD5RE) - LDV A 7 VORI D EZ HRT,
1687TMHz DE I TH_ I ER S5, L TEEINEBRIL, ©FF T — IR S T
CHWbIhS,

hk, BRTY vFE—ficv—v 4 vy vy (RS2-80MA R #&BRCH h T CERM LT
WHOT, BT LLALER (RE, SR, BE, B OBHBHNARIKCTHhh T 5,

THET HERTV v T BN OMITESNL, 19894 6 A2HO LEEOHEFTH S, B
TSR, RBEROLEHOBEBREEHMNL LIRS Sic BRI hic, BRTF Y v F RN
b, ERNFORE - BR HEEOBESMIRDLI, L—v 4 vV v FEUILOER - WE
- BOBESMAEDRI, 6 A2Z2ARIEERE A CRIBIN A ER S h 2 K302, 8 K30
Gy, 11304y, 14304, 175304y, 20M§304), 2330V — v 4 v Y VSRS h, 20
5 — & LIFFTCFIA Lic,

(Y

-
—
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3.2.3 HARR
(1) #BHRERN

Fig. 3.2.11%, 6 A2Z2HI2KDOKREHEDOTHER TH 5. HAZIEDmE LICHRILH D U r
PECIEON A EHHTAR. (HERATRED 235 0, Th & 3EFT LTiI400~500 km 6z 200 mb & & o
PREIMLE LT B, B, B O HERIATRE & 200 mb SR & DR O L & EIS LT, I8
IEHREHEEL TS, BROILDOEIE, 20 LBE~PEEOBRTH L EERL
Twd, BlE (JhoA) 3, ZOLERE~PEEOBRKOMCMEL WD, ZOLEDS
BREED YV v F RO E b OBROBIANC X 5 &, 22H 8 K300 ICITMmEE L5, 11K
IHTIEHEE L CEREE (LBEOFERRE) MRS T35, Lid-T, EENT VYV
FHUE, ERENSHBEANLZEMETT5REA 7 — v OEOZE(GEROF TiTbhl &
Abhb,

A e PR

GMS-3 VIS 1200LST 22 JUN 1989

Fig. 3.2.1 Visible GMS-3 image at 12LST 22 June 1989. Heavy line and broken line denote
a surface stationary front (Baiu front) and 200mb jet core, respectively. A triangle

represents an observation site (Meteorological Satellite Center, JMA photo).
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DL S EENTY vFHUA TR EBER, BBLA 7 — v ORISR U IBIA Rk
DEBEOIMIY TH S, Lich-T, BHIRC EBEXHR LI EFRE, BEAr—1 D
ERAWTH D, BROVEREOHDORMELHEATHI LRI > TALLIDEEL D, &
NICFESCCHHRRHOEA EJROF — 2 Enb, ERRIIHI0cm/sec & RED -7, Licdi-
T, ZOEBRERBBA S -0 FREIBCTELS DT, BRT YV VIR OMEMEZEA
Lick BB ENRTED,

(2) CREEMNAR

Fig. 3.2.21%, BRI TV v FERABCKE IS hic v — v 4 VY v FIC L BEE - BEDE S
ThH, BEETROWEHAN D, BEZH Tkm, —20CTH5Z EhHnb, 12, —40C
LUF KR COMEBNS LI BALHE TEews, BAEEENIZkm, —60CFTHELT
WBTREERE Z BB,

L, ERENOHMBEDHESTEFLLASE, BEND FRICHEL - TH4CRE
WAL TR D, £ OMEIZKCHT HHFRE (—200CT82%, —30C TTEX%HNIKITK3 5 fuFn
W) HEEHb, ZOZENLENOER, BIEKMIMTHOMLTWS LM Ihs, Lz
Do T, BRI, KOKFIRIe KMPFIET LS ERTFRINL, i, BRI TOEE
TRIFFBCREPEZRLTED, d LEENSE F T2 XS IKRRIIETCRAELCLE
5T EnTHING,

HUMIDITY (%)
4

0 60 80 100
15 T T T T T T T ] I

= \ .
\ 1osLsT 22 |0

i \ JUN 1989 1200
N TSUKUBA

o
l

—300

— 400

— 500

HEIGHT (km)
PRESSURE (mb)

o1
|

— 600
— 700
— 800

_ ~1500

| | I L <t 1000

-40 -20 0 20
TEMPERATURE (°C)

1

1
-60
Fig. 3.2.2 Temperature and humidity profiles for 1105LST 22 June 1989.
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(3) Kfh&om—

Fig. 32.31%, @E9.8km, —34CTER TV VFI L - THUMI W B TOBEBTH 5,
Fig. 3.2.3 ® FRUIEFMNEER TH v, FOREMSNEL CH S, BEMNEG T, HY
7 4 v s BB LK 2 €, £0HRERIRE ~m =B E 5 T b, BEFMNEE T
B=RALNETEND, COERBET IENTFASNARROKETH S Z LAMKESRD

(Bl %1%, Wallace and Hobbs, 1977 ; ¥4, 1979, 1988), & D & X #E» i B © E
W, RAREOKFNE - Tb, Fig. 323 TRIKCE, £3240 pm, 1E64 pm DARAEDO—HFIAR
INTD, TOXGDORAETZE L OCRKFCHN S oK - @ 5L, Magono and Lee

(1966) DKFHOEE - WEX A ¥ 75 2L I —HLTW5,

CIRROSTRATUS
1125LST 22 JUN 1989

8.5mm

-34°C
9.8 km

Fig. 3.2.3 Ice crystal images observed at 9.8km MSL (—34TC). The image above shows a
large ice crystal, the 22" halo, and a baloon taken through a close-up TV camera.

The image below shows a solid column taken through a microscope TV camera.
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Fig. 3.2.413%, BGMEBICE D~ —DRES M2 DTH L, Fig 32405, ~a—
BEES. Skm A b11.5kmICRbh % Z 0 gns, Lichi-T, BHlXhic FREVHRT S
Rk, AAEROKGETH D LRI D, EREMETEG ) DR E A TEBAD
KRERAKEL, Fig. 323 FTHD X 5 <A TH -7, 8.5kmI » FOEE T m -2 lAbh
RVCHBEE LT, BEREL R T —DRETHH TR ECHEINIKE CIe-TW B LE
Zbhb, ¥io, 11.5kmX 9 EOBEITre —pBohi Bl e LT, EXFFCHE-CL L
K ORERGHAEER TRV &L bR B, LrL, 11.5km X 0 EOEE TR KB
JCRRAER B A > THEEAEH T, SBRIO[MEHR LEENTFY v F I 5HMTHS
DT BLERD S,

(0 kEREERE
Fig. 3.2.51%, BMEIHIES & BEAEG THRN S WOk GONRNBREOBESHTH 5,
B AE G D13, BREHA104m~200 pm, BREH~10°/ M THDH Z L0350 5, KD
MR OWTE, DAIIKBIEC L BOEAIRRETH DH, KBS IEARRTH - . Kl
DRESMEL, PNIVHEDSDOHE L KRETRNED S DRPIg LS HHikis -T2, %
fo, MEOBESMCER TS &, 10kmAREOEE TR KEIOKEABISh, Thi i<
B LIty o TREEN P Te T3, iz, EBESD 9 km (L F TOXFRBENNZ
HA rRbh5, ¥, BRRELBM IR o/, Db E bbb, FEBENCIERZ
L BMENT, BEREO LEHLF T CREEE~10°/m® TFHIE LR &K (~
200 pm) DMFEL, EROTH CIKGERESD I T T 5, }
BEEMEGOKMCOWTS, BRSEERRbRS, Tiobb, BEO L LT
TRTFTARERE A (~1 mm) BAEEL, EEO T TRKMEER DI 7o T 5,
PED X3, ZEROBEMNTIEKERMTHS Z ERUKMPED EEH L THNAL - TK
ELTeoTwB T L, BRNAEL ARV EXEERTHE, BERNTRET ?EYEEARILS
ERERBETHDHEE LD,

() k& W

BRFV VT CRMShic LBER, BBAY L0 LRI L > TRRShTED, £OX
X XIWl0em/sec L RBEL LMD ERN)THRAN, 22T, ChERHICEBEELEHM 3
AR CIT o fc b — Y 4 YV VFEIOF — 2005 LRROBES M HE L, ¥1Z0 bR
WLl E 5 R B S h oK REY BT 5,
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13

TSUKUBA
1105LST 22
JUN 1989

O

HEIGHT (km)

w

Fig. 3.2.4 Vertical distribution of HY VIS images showing the 22° halo for 1105LST 22 June

1989.
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NUMBER CONCENTRATION NUMBER CONCENTRATION
(1105LST 22 JUN 1889) {1105LST 22 JUN 1989)
15 — T T 15 T T T T
v "o
. --60 o9 ° . -{-60
f . deq 9 . 0 - A g
o 05 058 o o 50
~ 40 ¢ @ i ° 4.402_
E 10 o] R ° HALO | 1y} _xl() HALO w
5 _O -30 o ~ L 8 —30&:
~ ° 2 = |05 2
s r -1-20 < T o o —-202
o g oo &
g I —H-10 & o —H-10&
Sr & 5 =
L e 1-411] 0 ¥ L e 1-99m3| -0 =
05-19 O 100-399
. Q20-79 i QO 400-1589
- Oeo- 10 I O 1600- 70
0 1 | 1 2 1 | 1 |
0 00 200 300 20 0 i 720
SIZE (pm) SIZE (mm)

Fig. 3.2.5 Vertical change in size distribution of ice crystals. The number concentration of

ice crystals in each 500 m layer are indicated.

Fig. 3.2.61%, v — v 4 vV VFBRAOFT - 2 bHEIhic ELHE (ERO W) LEAISh
TEKGBEN DR S BR EAR BRO W OBESHTHD, 22T, BRALERRE
i, TRTOKRESREL0% CGKIZxT 58F) CHENRT 5 LD BERKEI L ELHT
ERABELTERL TS, Tabb, BALARI D KERLARLRD D L, TXTDKHD
AERELRT TR EARK X » TAEAH I D KBZEWHETETIC, ROMKERINERE L
TERETHZ b, Lo T, BRNORLVWETE, BAEAK X v/ EREAHEX
nb, ¥, Fig. 326 EMO W 12, V=% 4 YV VFREIOF — 21 bKRO & 5 LTHTE
EhTwb, Tichh, BHINCEREETHS LIKE LT, MYRALOEEZELY 11R305
LIR30 DB T — 2 HRDT, EHHE LTS,

Fig. 3.2.6 KX D Waw 35, @&E 7 km 5511 km 581 ~10cm/sec D LFMAH 5 & Rboh
5, TOLERMOFEER, Fig. 321 OREORESME ISHIBEL %, i, ERKOKE
Xd, ()CHHROEE LALP LM INA ERARE L —H LTS, LI, KEBBREL
BRDOLNLER FAFA Fig. 3.26 5KD X 5ic~50cm/sec L FTHBZ EELFHFE LT
W,
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15 LA e A L N B N B 15
L L
I E> WANL I W
: D{ : ' +4-50 G
~10 ‘e T
;‘_EE B = L --30%
- F — —-20'2
ha g
5 T o T @
S | =L 1
sl T sl IOE
- - 1ostst 22 | 1° F
i . JUN 1989
- ' ﬁ B TSUKUBA 110
0 1 [ I 1
220 10 0 10 20 30 B R T
VERTICAL VELOCITY (cm/s) VERTICAL VELOCITY (cm/s)

Fig. 3.2.6 Vertical velocity (Waw) and critical vertical velocity (W¢) are indicated. Wan is
estimated from the ascent rate of contours of equivalent potential temperature at
1130LST and 1430LST on 22 June 1989. W¢ is calculated using the data of ice
crystal concentration observed on the assumption that ice crystals grow by

deposition in water-saturated condition in the absence of cloud droplets.

3.24 F&B
19894E 6 A22H, kB> IEH T LEBEOEN TV v FBU M Thbh, TOEMERE»
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(1) ZoEBEZ, REAy - VORRAYEIOWRAT S L1 X 5~10 cm/sec D _EFIFIC
I o THEIN TS,
(2) EBhIAEL T2, KRETOETH S,
(3) EEWT2 ~e—2HAbh, KEDKMHIRNAETH -1,
(0) BEREEBESEBL, BEO LD FTHNED - COKBHBRELIgoTW5,
(5) IKERBBEEX~10°/m* T, NIIPRED S DOHRE S KRELMED DI Tew,

T |

BT v Y P OB DB E T, —HLTENT Y Y SO - Bl LTEG
BEEAMALH, WERHOBFEOREE LTHVCESSFRNSEEE, Bl7 — 5 Ot
3 L0 VS I B L CHRRE L BOREE Oy L TEVC R SBARE, ©OMEIRED
5B T B
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CIRROSTRATUS (1105LST 22 JUN 1989, TSUKUBA)

13km

— -60°C

~10ym

~105 /m3
| DEPOSITION

D ~tmmo VHALO g

L |CE CRYSTALS —

~10 cm/s

NO DROPLETS

Fig. 3.2.7 Schematic drawing of vertical structure observed in the cirrostratus.
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3.3 445484
(Cloud observation by lider)

3.3.1 BAEW

SA4X—BENE, HEOBASI S VA V- —KE L2IITH Y, BELSTF, =—r Y
N, BEOBEMAC S > THOBEIEACRE > CREXE2ZE/RC I vRET A LIcE 5T,
HELGOBE > M3 eSNnERENFECH S, SHOBEOH EEIEY Y —XTBTiE, B
BINSHEBEFOBROKEEL LT, ZEHNOHBREAOHE T =7 4 1+, ZEESE, Wik
BEIREEBEED v 7 4 V2B X HBHE LTV 5,

WRIBEHCE, =—a VABRRADS A X — D%, BANMTbhiizd, SIS/
® U CH—DOERE TRy, 19874128 OBEMIEEEF OB EEM.3nmD L ¥ —F 1 £ — % HL
7o, 19894F 6 A OB, RBEOKREENACHEA Shi Nd YAG L —+— & 050 cm O
BEERE R OCAT N T — T4 =0, 532nmARBEFES LT+ = SWEHDO b DKsE
LTI »t, 19904610, 11H OBINE, <A FH5 —5 4 %~ YAG L~ — D532nm ¥ %
FHL, ORBoem OFEERELZRHOE - =— v VAEHUATI £~ 27 a%BEL, £A
Lic, ZE=F4 X~ ZHPIRKEL, 1¥ay b CREANCRELIRL S L3RR,
N AZE O DB LAES 1 EE ST, S/Ni T sk 3E0F — 2 HEXTS &,
RS MEDE VT — 2 3B 5hitv., FRIZHEN, YAG L —¥— D& hELIX20Hz TH b,
HUTEHOT — 2 WEE T, BIONS ST, S/NREL, BEARES S 0B
W F— 22 B5Z LBRHES,

3.3.2 EEOHR, WS

ZE, =—-u YV LEREIRAYAG 514 ¥ — Y A7 L0 % Fig. 331 WrRY, YAGV—F—TFH
XN PFEFEI064 nm DI AFHBEBRHOT Y o — A X B I VEKRE LTS, H—
RFAEFEES (SHG) 17 X b #E&E532 nm W I ot v AT O K4 gEx A LT,
A3 D #90.5mrad DREEH E LT ERHBEIh D, EROBEMARI Y1z - XG0 5 bk
CHELE b D2, ZEXE LTBRRASO nEBecm DZELREFCA D, £XIh b, EEgE
DERCIIAHK D LZEXBRBEAOPRIKET 4 v 2 —DBhh 5, SEHED THRE HHED
K&, REXOEND XD HREVBERD B, KREOBAGHOBEND, PREDOD
1.5mrad & L7, EZEEONLEOEREL60 cm H Y, EEKS0m L LA BRI TH 5. B

% KEER (Y. Mizuno), ¥ # (O. Uchino), M b (I. Tabata, 19894 ¥ T), BEARBC
(T. Fujimoto, 19904E&E:5)
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FROOBEFACE 2V A2~V VARDHD, TOBRAICHD, WRIEET = v 7 T5H7DD53
2nm OFH7 4 V2 —HBLHPFTRILD L5 LTS, FEHT 4 V2 —DEGCIREL
E—aAFY » 208350, FEHELFE CHANORERSIELL, ThEiBELT DRI EKEL
THEBIRCHT OIS, A7V v 2 THEIW LA ZhORERSIXBFHEBECL - T
BHEh, BRESKELZDID, TOLXHIETED LABTHEEHENT 50T, T
FHOERCEINICPHKE T 4 VX —BREXAOBICIGE CTREDORLD D ETIERLE
T2 ERTRRIIL > T D, KETHEEEOHIE2F + v X VDADCIKAD, 8 » }T
F 4o MEEhb, ADCO MY HELTE, YAG V—F —CREI XV AE, U—
V- EEOMCEB 1 HIOREE TR U AV R EEER 5, 7 4 2 2 LRI
biﬁkﬁﬁﬂ%ﬁlS km DOBRFiL100nsec (15m), 30km DBHI200nsec (30m) WHH, 1+ g v b
CBOF — 2B I000ETH B, TOF — 2 GPIBEREHLTA—VFL - 2V L — R
Ebh, TFBE, 7Ry =T 4 A7 NDOREHRThbI B, ADCO#HEHD EDHI-Zh bOM
HilavE.—20 78735 A0Y-T{Thbhb,

Receiver

telescope

Transmitter
Power )

and
cooler Computer

unit

GPIB

< N

Separator PMT

=
¥ Sep. ] SHG \\ Nd:YAG laser - ADC

™ .
PMT [] Detector
PMT l‘[J
|

Trigger

A

Fig. 3.3.1 The schematic diagram of the lidar system developed for the observation of cloud and

aerosol.

F— X DFERZS/N DR LEORDITS, HFRE L TRERNONFROFS Ew X 53
T, NEEO AT OBMS, MROBRES/AVAATRLMERE, SEIERIOND
D, TRODEEHENDDOFMESERHINIRS, F— 2 nlEETHE, #ZTIKFYa v
MEOWTHY D Ty n IR B, EEOR I EnfEcic DT, S/Nity/ nfgwcic s, L
U ERTEREE n R E L 50T, WENROE(THHEIEER L CTHENEERD 5,
SEOZEOBEMCTHETEL SHEAMOBEELY T - T\ 5,
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Table 3.3.1 C YAG 71 # — v AT AO¥EERRT, Tok, IBIFLFEHLIcvAFH T —
FA X =, REEREO AEHSS0em B D, EHEM AT 5 BB iU, LLEOR LR
AMERLTHS,

Table 3.3.1 *Performances of the lidar system developed for the observation of cloud and aerosol.

Transmitter
Laser Nd : YAG
Wavelength 532 nm
Output energy 190 m]
Pulse repetition 20 Hz
Beam divergence 0.5 mrad

Receiver
Diameter of the receiver telescope 35 cm
Focal length 3900 mm  (F=11.2)
Field of view 1.5 mrad
Transmittance of the interference filter 0.43 (@532 nm)
Photomulttiplier tube (PMT) Hamamatsu R1332
PMT maximum output current more than 1 mA(instantaneous value)

" PMT load impedance 500 Q
ADC
) Number of channels 2

Resolution ) 8 bits
Conversion rate 10 ns, sample
Maximum frequency 175 MHz
Maximum sensitivity 5 mV /div

3.3.3 F—SWEH%

REXNeSA X —F— 2 IZEEFORECHAI LT 4 2 AEROT, IhhbEFD
MEHAEK A B L DI EERAT, BERL/REOABANETHS, 7F— 20 bHEBGREEE
BIZ L O ORERD H D, KENE I DB/ NI WKGEELBANEG S L, REHIE
Baf s Z EAHKELTD, SENE7 v —F 1 FOEEM (Fernald, 1984) & vz, LT
DT OB & <7,

BANWCHIAEE LT, %D () CHEEHIE, BERESORE, ROBEHFHC X 5 FHE(L
2175, BEEETEIE, BELD DG RGO Ny Rk fabiag z © 2 T KIpIT % 0
PHIET A, BRESOBRER, BHI » b ER2OEEHLRERKEDL L OBEDLOM I 30 FHE
MMEVNCDICFDBHTOBRENERTE T, GRENER» L5255 FEEr () WHHIT |
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BEBTRDBIEEFIHLTITS, Tichh, EHMELADH L, EXLTWAREIBARITE W
<

D ) 2 = An (2) + B2 (3.3.1)

B DILD, FOBHOTF—~2D () BT, 3.3.1) ROFKK A, BERIOERETED
%, BRBNT—XDERBLSTHD, 54 X -2 5 58EMA D OEREMIE I
ZEEEHRER ) B£Bhlk-T, '

R @ =P K z#2= D () — B) 7 3.3.2

TRDIOLND, BHEHIZIR@DEHRLF — % 5 8D TITo7, 15km Vv L DOBOBEIFEY
EFET5m, 30km L v o OREIS0MTH D,
K, EMFHEINCZEREEOMRE R (2) EFHALGROBFRE, 5414 5 —-HBEXK

R =PC (Bo (& + Bz @) expi—2 |7 (0, &) +0G)dz}

=PC (Bo & + Br DT T, 3.3.3

THExbh B, TTTPBREHN, CREEER, Trt TroldthEh 74 £ — b LBEA E
TOMEHLERBLEERBOHEBERBETH D, Br (2) & () RO 0x (2) Loy () BERE
NEZHTREED OBRFHELLRH B, BIOEBEER o THY, Br ) X n (2) WHhHlT
%, ¥R () RREHHEEDBHA T > TV HBERFRERS OMTH 5, ZORIERENL
DIER D EZERHAIFNE L, —EEECES, 2ERILOFSNER TE 5 HBACHEA
Ihb.R& (3.3.3) BT L (z) BRDBLDIZ, BEHLT, 0o ) & B () 2HHIEE
R, EOH S i3 2 A LI &\ 5 fER T 5, Tiebb,

gy () =SpBr (2. 3.3.0

EICR LT, WAIGRKS, DL LT1L.68% < AVWbha, ok, ORI FHEEI OV
CIIIEEMCH DL - TH Y, HBIRE Se DIEIZ 87 /3 TH 5,
D EogtrxAVa L, Biz) & T) DRCLIT OBEHRA
L arh
25Ty 9 |
B ODT, (3.3.3) KRB THrROVWTHEBMBHRICM ZLnTEB, (3.3.5) X%
(3.3.3) RO B CRALTT DOV TERT L &,

Bo(z) = — (3.3.5)
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2

d
Do — 950pa(2)Th - £ Riz) (3.3.6)
Tr
Lith, TOWHFHBEROMRIL,
z SD_ _25D
72 = {1 = 2 R T ¥R Vg | SR (3.3.7
PoC Jo

THD, I LTRES A X =0 SHiEliz <z ¥ TORKBOBBRE, ZOX% (3.3.3) RcRA
3B E By &) +Br (2) TOWTRRIT,

R(z)exp{ —2(Sp—Sr) SZﬁR(Z' Yaz )
PiC—25 g Rz )exp{ —2(Sp=3Sr) SZI Br(2")dz" }dz'
0 0

Bo(z)+ Br(z) =
(3.3.8)

BELRL, Thhb o (2 BT B (2 BEEMTIWEWTInWas, ZRIEEBBID
SEF—20bEHLTELD, 0, KFA X — VAT ACEBWTILIP,DE = X2 —%1fT > Bk
L CTWIRWDT, RADHRE PCIZHEH 2 2 OOZEEFTHRER (=) &, LT TOREHK
FHEEBBo (=) + Br (z) TEEMZ B, TDLE2>2 BT T A £ —KA» - THEY
6% X 5 ThIIERBAELh D, ThiZ,

Bo(z)+ Br(z)

R(z)exp{ 2(Sp—Sr) SjﬁR(z' )dz'}

R(z1) (3.3.9

Bp(z1)+ Br(z1)

+25 | "RCzexp{ 20 So-50) | 7 BaC2 0z iz

¥R 2 ZEEL D SENEKT, =— 1 VA0S P EERETICRS DT, B, (2) =0,
f-T (3.3.9) Ab By (@ 2EHILNTES, EEORBEIHERLTTS ok, 3.3.9
ROBHETHEILL, 2 OBRPCHELE- T 7TAT I XABREIR TS (Fernald
1984), B, (@ 2REHIE 3.3.0) REAVTEROMUMMAEH 0, (2 HEDISD,
MEERD T r 7 g AR B IFACESTHIEBEORZHNEINELh S, BE - EHAE
i, BELE (Bo B +Br )/ Br ) DEF 2L EEL LTER L. WIBEHEY
BHIEFAH ORERD DT ARG TR, BIEMECABIINEL Lisy,

3.3.4 BEDTAE—FT—Z~DE
EREDF — 2 LEOMEYERTHHE, S/NOKEIRD LHH, BONHFRMEIN 1T
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QETELAVEAR, REL/ERYHT, BHL Y S LOBE 210 H 52255 F5 b OBE
HEZETHIENTESD, COBBIR (2) OENEMELDOT, FERPR S TCHEE
BTLENTED, 52 —% S, DfEF, BEX ) FORKBTORELOR/IMEL 11758 58
K, RSB THESLTRD S, &5 LThdbhi SOBEREICH UTHl« EBLL, 20
T2 2 i & LTIRIE T4 5 20AHE ¥ TORPOER IS, i, Kb ATICES| LT
Wi EBbhaEEZ, Ss i 2fhanfEEiss,

EOKEMES BP0KE D, EHE D b EORGENSDEESRECH R b, %
EXRAEBAHT SR £ 51T 5 &, FEER (2) DR — 5525 T EHTERS
B, ¥RIDISICRITE, 7 — 20 LERKSOBRELT OB, bTrhESTORET,
EHORSOENECRDZENBBY, COBBIARILEREDT 7 -/ FORERS,
BT CREEES T, A

ZDLX 5T - 2T ML, ¥ T LMER 2 2 EEL ) LORFOBHCIMY , L
INRIER (2) RS L TRFNCIRE, S,DERRCRD S, &0 & FEEMHECREL Tt
Gz, BABTICE LR ATTE RATORELHN L TR T T5, BREIRE > TH 584
%, SSEELTEREAEE D ETR (2) #RES LTV, HECREERSRDHDT, K¥
HCECEDHE, R (2) %A AELIRTH ZOFBIBEMICEE Y, BEUTOF -
2 BPRDI Sy REBRMEORTIIFEEHE LI, BHAILE - iR TAELY KT 58,
COFERHGD L, BEMMEL LB 00, F— 2 OFEN RIS E LR 23 3 L
Fwis s ¥ THREEL T EBRERS,

3.3.5 BAER

Fig. 33213 ¥ =54 =D 3 3 » M FHfER V19874128 11 H OBHKER T, BOW
WRED T w7 4 v, BROEOTHOQREONHFHESIOELZRLTH S, Fig. 3.3.2 it
B, HEZERTH LA, MEEROKE X2, BIO—EE D Titbb1045 M 2310/km 4
WFB I, V=T 7ey FLTHS,

Fig. 33313Y A F 5 5 — 54 £ —% A\ 719894 6 A 22 OB R TH 5, Fig. 33412F L
BB X 519894 6 AS0H ORSETH B2, &0 HIREIHE D ITRET 4 v & —%TD 1 CF
BCEREILLHZEC LD, EREABHEOBMWARARA TS, TORDIC, YAG UV —¥ —%
T e A D EIE DR EREIRAIK & W,

Fig. 335 12& - = — v VABHUAS 1 £ — % H\ 12 19904E10A 298 OBARER TH 5,

Fig. 336 XA LS54 &£ — %\ 721990%E11A | HOBERERTH 5,

Fig. 33.7T2RAUT A £ — % H\V 199011 198 OBIRER TH 5 M, ZDHIZBEDE VG
BET, FOTE~N ATHEBLTED, F— 2%, BHLEEENLDOES LHN©E 5H
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DEN 5o ted, 13EAEREEMESL TV TR,

14 87/12-11

PR
@ =MW

TIMEWJIST)

Fig. 3.3.2 The time sequence chart of the observations of middle level stratus clouds in
December 11, 1987 with the ruby lidar in the MRI The abscissa is observation
time in JST. The ordinate is altitude in km. The curved lines denote the vertical
profiles of extinction coeff1c1ent in the clouds The profiles are plotted lineally so
that the value of extmctlon coefficient should be 10/km for the time interval of
10 rninutes. The dots below the profiles denote the values of optical thickness of

the clouds.

UL

TIME(JST)

Fig. 3.3.3 Same as Fig. 3.3.2 but in June 22, 1989 with a YAG lidar system in the MRI.
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Fig. 3.3.4 Same as Fig. 3.3.3 but in June 30, 1989.
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Fig. 3.3.5 Same as Fig. 3.3.2 but in October 29, 1990 with the cloud lidar shown in Fig. 3.3.1.

: WMWW"MWMM
5

Fig. 3.3.6 Same as Fig. 3.3.5 but in November 1, 1990.
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Fig. 3.3.7 Same as Fig. 3.3.5 but in November 19, 1990. The sparse data are due to the

poor atmospheric condition on the day.

2 £ X #

Fernald, F. G., 1984 . Analysis of atmospheric lider observations : some comments. Appl. Opt.,
23, 652-653.
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3.4 WEEA”

(Radiation measurement)

3.41 Y Tx bA—2—, EXRBHE, RAWSTE, WIFTRES

BEOWZME I RDD DI, V7 4 F A—%— (EKO ; MS-115) 12 k 5 KB KHE
EXDO KB EIT -1, M, ZOMHTTIXI98%E 1 H DRER & BEMER % i, 0%
DEET, 500nm OEBER S 1 FRITH T RELL T2 L aifih o, ZOER, T8
TANE—OREFC L BIDEELDRD, TOHEFERTH L, BURATOREERT
3~ARDEENEGEND, T, HFMEIOEE TS L0.03~0. 04 Y L, KPFRC
B HEBEONFHEI2ERTH LETRKRERBEEL I DI,

PVT x b A= 2 —OBRTE, KEHFEORMITHAFEC X T, v v 7 3 b2 —2—0DF
BRI Eh5BENC L2 Bad OBBROMME MR T ERL, 2T, BHICETS, £
vFare (B, McKee and Cox, 1974) FIVWTHEBELD Y I = LV — 1 YEFTTo\N,
VYT ¢ P A= X —ORBRACEEND SERELOE 5 & A L.

PVT P A X —-OFRFIEMAL2 OB TS, £ T, MBRTKBHTRACAETICE 2
WEFDOREPNC AT HBEDLE, b LEEED SO TEREANCKEBET ROz 51.2° IMc#
AL TH R ET D MELLRFIE LI, OB, KGO BAELL MBI Takano and Liou
(1989) 77 LAERBE (Cs) =7 A 2H Lie, kEL, &oTiAR (3 wuEl He
L, RS OHRIIER Lic\, VT Ve EORBEROWTE, (VEERY OFEHEL O
&ﬁ,@M%ﬁﬁﬁ®"%ﬁﬁ&ﬁ@—Kﬁﬂﬁ@ﬁ&D%&JSWMMQEK;6Lﬁ?'T
ME75 9 7 ADFEHEEDWE, WXDF=v 7 Uik, ¥, AFETECKHTHICROAS
WEBAAN, £ORER, EERS, —KBERS, ERE - TREY 7 v 7 Ak, KBXEA
0~T75"C, slant-path DXFEME S (=HERIDIFHWE S X KRIEE) #30.5~6 OFHE T
i, AR (FERER) OBRENSKENTD S Z LN D bhi, ¥, AFETFHIT
1 FETIRIENET SR, BEY LTS5z 3 FRBELETHHZ EAbh-1DT, B
TOviarv—va VTCRELY BAATETFR 4 FESE 21,

KEEEMN 0", 307, 607, 75" DEA/WCKT LT, slant-path DHZEMEX0.5, 1, 2, 4, 6
KOWTEHE LR (Fig. 34.1), e Ehs28EEE (MRS OMCB) 1, slant-
path DXFME I TAT 2 — 2 {LTEB T LBb oz, (D=7~ —Z[A U slant-path
DHHEME I b D4 DOKBEECOWTEHE LIEROFRAME L R/MELKEAILSDT, £

% HBEEHE (M. Shiobara), HBFIFE_ (S. Asano), ##HIE&E (M. Fukabord) , WILIHEE (A
Uchiyama)

—210 —



SEMEAERRE $205 1992

1oy aaa]

TRANSMISSIVITY

0.01

T T TT1TT1T]
~

T
—

0.001 IR I TSRS ISR SR NN T S RS B

OPTICAL THICKNESS

Fig. 3.41 Monte Carlo simulation of solar transmissivities for various slant- path optical
thickness when a sunphotometer has a half field-of-view of 1.2 degree. The
direct (thick solid curve), the singly scattered (dot—dashed‘ curve), the secondary
scattered (double-dot-dashed curve) and the scattered over three times (triple-
dot- dashed curve) and the apparent (thin dashed curve) transmissivities are
shown. The cirrostratus model presented by Takano and Liou (1989) is employed.
The thick dashed curve shows -the apparent transmissivity presented by Raschke

and Cox (1983) where water clouds are assumed.

DENTHNEICBEIZOTRLI), ¥, KEZ{EE L TFHE L7 Raschke and Cox (1983)
OBFEIE (R ORI 13, &2 TORBCESTHE /IS WELE-THD, Kife
KEDBENMHER OEVERIL TS0 EBbh b, bisiic, Takano and Liou DELEL
AR X B &, RIABAELAL. 2 IRICEEL I b 1 RBELGIEEEELA b1 5 HHELAE D
@%K%?%o%@tb,1&ﬁﬂﬁﬁfﬁk,?fkRadhaMCw@E%b%k%{t@
B, B, AV Iab—vaviKdh, BEHEIAIL L s & 2R ELOSERALE
(Mo SR & = R8I 28 1 kEBELE (—A8#RE) ERM5Z & bbhotc, Tinbh,
PVT 5 b AR —BE Y > CEEORFHEIZRDBHEATIL, FREOXEDOEALELY
HV TR RS I 25T 5 BALE O SR 2 AT 5 BEAD 5 & L AR S hic,
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J, =—m Y ADLSCHFNEIGEL, WHAKALLKREERL BVL 58S (Thbb
VYT 3 b A= X —DRREDOHHTOFEHRET) ORINEDOHFEL AR, BELOEE
FEHTELZ bl oT,

¥R, BRIC=-rYAOLTHhOBRIOWTH, ¥V 7 i b A& —JEC LD R0
DHZEMEI v* LEOKEMEI r OBIRIL, AR THERTE L Z Ldibh o,

T*

TIT, oREEELT - F, PAQ BEBE U BEN B O R 2 HEA B ¥ T
HAES LEET, kX THE2ON5,

8
PAQ= 0P(®)sin0d0 3.4.2)

ETELRBSEEFGT, 19894 6 A22A % X 030 HIC B S Wi B BED ot O X2
EE3hbOEOKHEMEE (JEES00 nm) R>AFERY Fig. 3.4.2(2)% L O Fig. 3.43@1R
T,

HWEEBTOTREHH T 5 » 7 AW TIE, WG-305 7 4 L& — - F— a%E D M1 KF
T H 415 (EKO ; MS-801) 1= & b, 1£0.3~2.8 pm DL KB HELHE L1 (Fig. 3.4.2 (b)¥s
X0 Fig. 343 b)), £ LT, KR LM TOHHEY Fo=1318W/m? (0.3~2.8pm) L LT, X
BB 7 v 7 AERE T KA X hRD 1,

2

Focos 0

T, Fs BRI hi -2 RASE, RE 03X OROKRBGHIRFER (ROUEM) BIOKEB
KEACHS, BSDESRhET S » 7 ABEREBBEOKLHES & OB LT
i3, 3.5 TEET 5, |

—F, vV av - F—asBokakaEr (Eppley ; PIR) X b, BE 4 ~50 g m DRI kst~
5 v 7 A%PE L (Fig. 34.2 (c) ¥ XV Fig. 343 (), L, TOBUETE, FIBSETD
F— aREMHEIR TN, WIEER F—20HHS R L 5EEYEATHS (H
B, 1990), FBEDKE JTASC LD ¥V — ARE LROERTKFT HH, BBEOLHAIIE
Kig L BERBEOTEBEOYDREND B & H7c B bIE, KNPRINMEIZI~20W/m* BE
BREML B DD EEbh 5,

e, FAHRBEHRERT (Minarad ; RST-10) 1@ & b, RIEFGEH 5 OPRI.5~11.5pm D
B & IE L, ARABSHRET ORE AT 2", e THEREREIZ—50~+50T, fHE
1XE0.5CTH B, WELBEHREY BHEBH LA L TRECHRALCS O (REOHIET
2 DBREHIAESNRS) % Fig. 3.4.2 (d) % X 0 Fig. 3.4.3 (d) 7R3, 19894 6 A 228 OBHI

T = Fs- (3.4.3
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Observational results for cirrostratus on June 22, 1989. (a) Cloud optical thickness at the wavelength of 500nm, (b)
downward flux of solar radiation, (c) downward flux of infrared radiation, and (d) zenith brightness temperature at
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T, WDODDAAL ZIREKERBEEXRL TV BDE, BEEO T D - 1K E OB
EXPKEMLZ BB LAEOLDTH S, ChHOBRD S5 5 R KB (G55 H
) ok, FTIR OBMHTFT — 225 4 £ —BHI5 ~ 2 L e THRECEET 5,

3.4.2 FAMmE (FTIR)

B LOFRABH O =5V F ~2ERT 5 7cdc, 7 =) =FHREFASEHES (Fou-
rier Transform Infrared Spectrometer : FTIR, Digilab FTS-20C/D) % i\ CRKIEH a5 5 ALk
TEHEERVRZINDLDOHHARY P A 2BIRI LT, Fig. 344 k’.@iﬂ“%ﬁ@ﬂ%%{%?o

FTIR
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mMCT
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3
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TRANSFER OPTICS

'Fig.'3.44 Schematic diagram of the observational apparatus.

KRIEF R D AT HEROKRKRD SO =2 ¥ 1%, EEL150 mm OFEEE & #if ¥
ZEACCFTIRCEAIRS, COHBzRAX T, =47y YETEHEALTAL Vv
ﬂ—7¥nf§A&Lfﬁﬂ$?ﬁwéhéo@%ﬁmmmumﬁﬂwﬁﬂﬁﬁmﬂﬁFiﬁA
F A (MCT) v e, B Ui MCT ORSEEZH0860 cm™ X )RR CATICET LTl
Bicdiz, #860cm™ X D EFFEMOBM R =2 b v OREE MBI i U RS ETEA
Chb, BRI IHE=F A F - HHEECERT 5720, BHEFEAVWTRERZTR-
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foo BAFSMCEEN = b ABEY LTVW5, REFBIKTHE, KESREE» HEE
fHEE TOTEALDNT, 1~ 2B TFlkof, MCT DAMBRNTHH IDOY =7
V74—, KRS DERMT  TRERREORHEMAN TEHR CTH - o, BUHV - FTIRIZ,
V=3I VT y TARPEREHNDHBARE, RABRENCH T B LER %R L,
COHAOEL, BEEERECHE L THIBECRSSANDol. TODI, RAHH
NN T AHDHER LTS EHE S hicBarid, RFBHRIL T2 BGHRER
DD EBSHBEH OB EHFCTFE L FTIR O O R A RD CRMBH I OBE ST
Inote, BUKEEL, BRI EET 5 23860~1200 cm™ O THEIK TH 5,

A7 Y AOBRNE, 19894F L 1990FE DWW TEFRFRIE cm™ & 4 cm™ D4 fREETFT
Ttote ARZ PADS/NEFAEIRDLDIT, 1 VE—T v 2T AOBERI6ETTE -1,
T ORERBUEERL, HFEI6cm ™ & 4 em DBACHLERERSB LI TH o, A
7 M ADEENE, BET Y Y FEME RO NOAA #iEBEIARE 54T, 19894 T 5 4
1, 19904 CIz105 IR CHi7 » 72, |

Fig. 3.4.5, Fig. 3.4.6, Fig. 3.4.7, Fig. 3.4.8 RV Fig. 3.49 i +hFh 19864 6 H22H, 6 A30
H, 19904£104 296, 118 1 B, 115198 CEHM E 1 z800~1200 cm™ RO ER O ASKH H D
AT P AERT, KR UCBEHEE Y, BEREHEZHVCTHELETH 5,
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Fig. 3.4.5 Emission spectra over the spectral range 800~1200 cm™ observed on June 22,
1989.
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ig. 3.4.6 Same aé Fig. 3.4.5, but for June 30, 1989.
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Fig. 3.4.7 Same as Fig. 3.4.5, but for October 29, 1990.
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Fig. 3.4.8 Same as Fig. 3.4.5, but for November 1, 1990.
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Fig. 3.4.9 Same as Fig. 3.4.5, but for November 19, 1990.
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WO BB DORER? HFERBOBORHNEE ORHEILLBRIT 556, HHA <7 FLOH
ER GO R OERFERIETIT S C £ E LuWEHM S s, BAED FTIR ) HRELYESD
LAV E—7 2w s T A07— ) =FRIKEHEPDN D TE DD, @ s-OmRERHIERD
BRI HR VR H S, ZOREEZBRT S0, BHRAESTRETY — ) =EHlmOH
HIcHFRAPHHEFOBANLEEND,

z2 £ X ®
BREH, 1990 =7V —FABHFOWUERE. BAKIRESHETRE, 58, 125
McKee, T. B. and S. K. Cox, 1974 : Scattering of visible radiation by finite clouds. J. Atoms.
Sci., 31, 1885-1892. _
Raschke, R. A. and S. K. Cox, 1983 : Instrumentation and technique for deducing cloud optical
depth. J. Clim. Appl. Meteor., 22, 1887-1893.
Takano, Y. and K.-N. Liou, 1989 : Solar radiative transfer in cirrus clouds. Part I: Single;

scattering and optical properties of hexagonal ice crystals. J. Atmos. Sci., 46, 3-19.
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3.5 XEOH A"
(Data Analysis)

Table 3.1.2, Table 3.1.3IC/R LIt X 51, BT — 2 ¥ kD EH-T\51989%E 6 A22H, 6 A
0HD T — 2 BT LT,

3.5.1 R&HER
(1) 19894 6 A22H

Fig. 3.5.1 12 19894E 6 A22H9:00 (JST) (00Z) D#h - R& X% Fig. 3.5.21c GMS O A & st
DEiz R Lic, BHADOREE L, RILESHEECED SR ITRAD 5. R OILH
DHROEBEIL, BKHGEKEOHMOMRELIEATHII LRI VAETLLDTH S, BRI
ik, 21~23B 2 TH300 km/BOEA T ELTVWS, 2D X5 REDOHFT, 2IF
(36°03' N, 140°08' E) TiX, BRAKCEL oo T FEEAXEH L, SRR, FEE
THEUBIEbh T, BT, PBCEREND D BAED L2242 @8 L,

Fig 3.5.1 Surface analysis at 09:00 LST (00:00 UTC) 22 June 1989. The front line was
moving to the northward at a speed of about 300 km/day. The observed cloud
band was moving northward as the front line moved. The cloud observed at

Tsukuba gradually became thicker.

k  WILBE (A. Uchiyama), HEES (M. Shiobara), B#IEE (M. Fukabor), BEIE— (S.

Asano)
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(2) GMS-3 IR (b) GMS-3 VIS
1989 June 22 12:00LST 1989 June 22 12:00LST

30N

130E 140E  {50E

130 140E 150E

Fig 3.5.2 Satellite images from GMS-3 at 12:00 LST (03:00 UTC) 22 June 1989. (a) visible
image, (b)infrared image. (These images were offered by Japan Meteorological
Agency (JMA), Meteorological Satellite Center (MSC).)

Fig. 3.5.3 1Kl &L WEDIRE S A A /R Uiz, SUREI0E/ 3R], WEX10%/ 3 R oE & T
ENTHLTHD, WEETER 0 CLLTORBECK UK 5 HEE /R Lic, BIEMT CHE
BESACYER AL, B E & SRBENTR - TW5D, HARNBERE, BEOTTE10~20%
THHDOH LT, BN TRACE 85, BEMTKBACHTHETIONULE, £0 EDER
TiE, 80~90%TH 5, MEL, KETHBBBMTEA L T2 » — KV REF TR D
LOT, BEEH TESEDOMICAs I L, —ACUTTHEN L WA DS,

(2) 19894 6 H30H

Fig. 3.5.41 6 A30H9:00 (JST) (00Z) mib ER&KM %R Lic, Fig. 3.5.51 GMS O uJH &k
P OFE TR Uic, AN OFRHICIEZED B b 30~40km/hour THALFICHEA TV 5, KEHES
B R R CIERBERRR A E OR200km { B VWO E T ST\ 5, I ERENT
BRI h T iew sy, EREOTILEIIC 5 BEHE, ZORBRHEEEA T LRRIC L
THECLDTHSD, Fio, HBOMALZ OFTHEDOK400~500 km JLicfiBELTHD, 6 A
22H ORFRINTRRE & LT RIe B 5, H b Bk, 22° e =R 27, BMEBBRTAS L, THD
SR DME S R OMERE BN & WO BCEBEDHHEIL - D B2 %, BRI,
FEETEABRTERBHLI TR, BT, hEyEREE S L,

Fig. 3.5.6 KB L BE OWPE S LR Lic, L Fig. 354 EMUETHD, 6 A22HEMU
BRI EEA R % 5,
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Fig. 3.5.3 Time series of vertical profiles of temperature and humidity. The rawinsonde
released time (LST) is shown in the figure. Each successive temperature profile is
plotted on a scale reflecting 10 °C /3hours offset with respect to 02:30 profile.
Similarly, the humidity profile is plotted on a scale reflecting 109% /3hours offset.
The relative humidity with respect to ice for T<0T is shown. The temperature
inversion occurred at the cloud base level, which level gradually lowered. As it did
so, the high humidity region also gradually lowered. The humidity below the cloud
base is 10%~20% and the humidity rapidly increased at the cloud base and
became more than 909%. In the cloud, the relative humidity is 80 to 90% . The
hygrometer used in this observation is called the “carbon” type hygrometer. It has
a characteristic of the under estimation by several percent in the region of high

humidity.

3.5.2 ERFVLTFTHEINI KRS

ERFV vy HYVIS) T, @F0V vFCllEIRAERE - BEOHRESMOMT, K
DREE, WEN T E DROMHEEIUSN D GHITL. IHR S, 20218, ABNOHT
i, ZOWYEBEC OWCEEBRE B LN TELH—DRBTHSD, TOENTF YV VT
oy, BRZ LR, WEHEO 7 4 v s BCAE LI T2 €5 A0 b BICsE LTL 5,
EE LT BB TEL D, —21R7 4 M AHOEEERT, &5 —DXBEMEEE (%
HHI 515 ThB., FIHE, 100 pm LM mm OKEZDOSDET, HEIL, W0 gm »d
B100 pm DR E S ORFORIHATETH B, BT ORMIRKE, 10 mBEOR T TH0.2, ¥
MmO b DO TH0.8TH B, 4 TOMWBTRMESNF D Lis - 7220~50 pmBEDK T , s
XL DIERT B, B &N EFOFELHRTE 1,
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ﬂw Sy T 308 6w

Fig. 3.5.4 Surface analysis at 09:00 LST (00:00 UTC) 30 June 1989. The atmospheric
depression was in the south of Kyushu island and moving eastward at a speed of
30~40 km/hour. The warm front is analyzed and depicted from the center of the
depression to the ocean south of the Kii Peninsula. The cloud band in the north-
east part of the depression is accompanied by this warm front. The jet core is
located at 400~500 km northward. The situation is similar to the 22 June 1989,

and the cloud observed is also similar.

(@) GMS-3 IR (b) GMS-3 VIS
1989 June 30 12:00LST 1989 June 30 12:00LST

40N

30N

iy " : o ‘ v ‘ . - ;
130E 140E 150E 130E 140E 150E
Fig. 3.5.5 Satellite imageries from GMS-3 at 12:00 LST (03:00 UTC) 30 June 1989. (a)
visible image, (b) infrared image. The typical cirrus characteristic can be seen in
the image over the observation site Tsukuba; the lower reflection of visible
radiation and the lower brightness temperature. (These images were offered by

IMA, MSC)
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Fig. 3.5.6 Same as Fig. 3.5.3 but for 30 June 1989. A characteristic similar to Fig. 3.5.3 can
be seen.
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Fig. 3.56.7 Maximum size distribution spectrum measured by HYVIS on June 22 and 30,
1989. Size spectrum is derived using all level data to gain the sampling volume.
Maximum dimension is adopted as size parameter. Open symbols (A, <) are data
on June 22, and closed symbols (A, ) are data on June 30. The triangle (A\, &)

data are drived from microscope images, and diamond (&, @) data are derived

from close-up ones.
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19894F 6 A22H, B IV 6 ANHKBMLER, AEROKGELL> Tz (3.2
B, MHOEGYBT L TBLIDINESME Fig. 35.TICR LIz, AEOX6H22H, AL @
126 B0HDLDTH B, LKL, T TRLENESHIZ, BOLBELILEETHS, A
LARESGEEE, OLOIBEFTEGOMMMLLB/LhICLDOTH, EHEESG & BEFEEOD
W%OME&&DEkéwomnﬁﬁmﬁT@EEEDﬁkkofxb,ﬁ@&fﬁﬁmmﬁ%
DAABPONTNDZ 2D, 6 H22A & 6 A0HDHE & HIFER UoME LTW5BA,
CHEFHE LU LS IRETRO ERRK CHR I hicicdTHAH 5., ZORBEFMEH LT
Heymsfield and Platt (1984) i2755 - T, power low (n(L)= CL™*) THEM L TEE %KD
feo FV TV Vv IBRENDHE LT, ENREEG, BEEGOBIINLBONIREBED ) 4 X
VAL, FRERE.0m~ym™, 0.02m7pm ' BETH LD T, HEELRDIBFXIZThEh
135 um, 680 um LLT OWMERRD F — % DA L1z, '

6 H22H, 6 AR OBAMEDCEE %2 % LD % & Table 351D % 5%, FHHRIL, a=
3.24T% 1 Heymsfield and Platt (1984) @ cold cirrus (@ =3.15~3.85) WK\ METH 5,
Platt and Dilley (1981) OS54 ¥ —BEW X 5 & T=—40CHEL B HZHNBEIKELRE
o T\ 5, Heymsfield and Platt (1984) D ¥ &SI RES M T=—40CHEE - HBALN
%, ZZTh T=—40C kI power low DFEZX % RDThiz (Table 351), Z DEPHFHIT
2, T>—40CTa=3.17T, T<—40CTa=3.31TH b, EELERILLhEI T,

3.5.3 FAH—CLBEE BEEmE

S XL BB, BE - ZHAE, ZORMENES, THOXEWEL, RCHENE
HHOKFEEKFEORG, KEOEFIRR LT MB LD FEAL TS (3.382R), Fig. 3.5.81
6 228, $ X0 6 308 OBMHIC OV THRIHALL, GEITBELRE/ 2K T O%RITHALGR
B OEOREELELR L, 2RO TFORIMALLE O EE, 9:00 JST) OHEERHM D
F— 2B U, BITBELLOMER, BREORAS 52 IMCASET 5L 587 ry FLTH
%. 6220, 6 A30HE S, EREL 9~10km & » FHICoWTiE, 3 E A EBBEMEDRT
Wighy, B3 THENORTWD L5, HFHMEINIBENU ETHDH & EIHO K
ThHBH, LHL, 6 F22ADHTIR, BESRRE & DX TkmpHERAC TR T {BFEFIE X
S bbb, T, BOFBIHCOWTSHENBIRELORT IS,

3.5.4 AHITTvIREH LT PA-F—DHRFHMESE »

VYT x b A= —ERACTELI S R OBEREN LHEIAM TR LI HIEL L > THE
BALOBBEYERTH L L DAHOKFNE I 2L Z L/ TER,

Fig. 359 B 500nm TONFEWE X, R R TORBICH T 2 EZBRY & - TEHN
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Table 3.5.1 Size distribution parameter measured by Hydrometeor Video Sonde (HYVIS). The
size ‘distributjon is approximated by power low ; n(L)YdL=CL = dL. C and a are
determined by least squares method. Using the data less than 135 g m size for the
microscope" data z;md less than 680¢m size for close—up data, coefficients C and «
’a'\re determined, because sampling volume of HYVIS is iow for particles greafer
than these sizes. Judging from sample volume, noise levels are about 6m™ xm™
for microscope data and about 2 X107 m™® gm™ for close-up data. C and a for
atmospheric temperature T >—40C and that for 7<—40T are also shown in the
table. Platt and Dillely (1981) found the large difference of = optical property

‘between 7" >—40C and T<—40C cirrus. The size distribution parametrized by
Heymsfield and Plétt (1984) also show large difference between T > —407C and
T<—40C cirrus. There is no remarkable difference between the size distribution

of T'>—40C cirrus and that of T<<—40TC one in the present measurement.

(n(L) =C-L%) (T2 -—40°C’) ’

C a . C a
1989/06/22/11: 05 | 0.981 x 10° | —3.31 1989/06/22/11 05 | 0.117 x 103 | —3.02
1989/06/30/10: 44 | 0.635 x 108 | —3.14 1989/06/30/10 : 44 | 1.353 x 108 —3.28
1989/06/30/12: 54 | 0.429 x 108 | —3.28 1989/06/30/12 : 54 | 0.429 x 103 | —3.21
0.682 x 108 —3.24 0.615 x 108 | —3.17

(T < —40°C)

c «

1989/06/22/11: 05 | 1.103 x 108 | —3.27
1989/06/30/10 : 44 | 1.203 x 108 | —3.24
1989/06/30/12 : 54 | 0.666 x 105 | —3.43

0.991 x 10| -3.31

BRHOFTNTOF — 2% 7y b L, ¥V 7 4+ b 2 —&—TRBHFHE ST KESLETH
b, BT LLATPHAC—ETRVENST - 2RELOERDD, LoL, ¥V 7 x
FA—x—LARAHSPEASLRLENC LY, BBEOKBHCNTE 75 v 7 AHBRE
EMERONME I OBIGREL LN TR, HL, T TD7 5y 7 AHBRERL, BBE
FEDRKEERCHT HWRE.3~2.8 tmIBOKBBEE 7T v 7 AT HETH S,
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‘Fig. 3.5.8 The time series of the vertical profile of back scattering ratio observed by lider.
The length of 5 minutes in the abscissa corresponds to 1 order of backscattering
ratio. The signal above 9~10 km is noisy, and no information on the upper part of
cirrus can be obtained. However, the change of the cloud l')ase height is easily

caught from these data.
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Fig. 3.5.9 Plot of cloud optical thickness by the sunphotometer against solar flux
transmittance during the whole period of observation. Plot points are scattered
because the optical thickness derived from the sunphotometer is that for solar

direction and the cloud is not horizontally homogeneous.

R U1k OJE#r#1E Warren (1984) DETH 5, KEBHSEEDFIEIL, Asano and Shiobara
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THELLLDTHH, +1%, asymmetry factor D &% Takano and Liou b{[ﬁ&l?ﬁIE LicboT
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Fig. 3.5.10 The size distribution used to compute the solar flux transmittance. The size
between 4 and 5 gm is constant, and that between 5 and 200 £ m decreases
according to power law n(r)dr=Cr *dr(a =3.5).The above size distribution is
adopted on the basis of HYVIS observation. The size distribution observed by
HYVIS is extrapolated to the small particle region.

TLAZAHBIHE Henyey-Greenstein B§#CE L L, £ ® asymmetry factor D BT, BB T
BEEREYE S 2, §£&0.5 pm T Takano and Liou (1989) @ asymmetry factor DEIZRT 5
WS 12T MHIET %, Fig. 35.11 (b) 12 6 A30H OBMME L EELOFEME (6 A22H D44 T&
) w7 Ry b Ui, KGREER22H E0ATUTWRZE 6B D, ©=3~100FHHT 6 A30
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NRIcD, ¥lz, SAF-DLORFHEIL, W3EBLHE5FEIRKELLV B.2HBR).
IRHDOEBMAS, MEOEMET, BEAE—HK LT, KBREDORE 11 00~12: 00
(LST) ORI > THNE, 6 H22H OBEXRZHCEV- O THRNEX XS Z L1 TE
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Comparison with theoretical calculatioﬁ and observation. The observation data
are plotted for the period 11:00 to 12:00. Theoretical calculations were performed
on the following conditions. The atmospheric profile is the aerogical data at the
station Tateno at 09:00 LST (00:00 UTC) 22 June 1989. The solar zenith angle
is 13 degrees. Lambert surface is assumed. The albedo is 0.08 for less than 0.7
¢ m, and 0.13 for greater than 0.7p m. Henyey-Greenstein function is used as
a scattering phase function. Therefore, asymmetry factor is given at every
wavelength interval. Circles with dot are the values calculated by assuming ice
sphere. Pluses are the values calculated using the corrected asymmetry factor.
An asymmetry facto; g=0.75 at the wave length 0.5 m is used on the basis of
Takano and Liou (1989), and the sama wavelength dependence with ice sphere
is assumed for other wavelengths ; the ratio 0.75 to 0.87 is multiplied by the
asymmetry factor for other wavelength. The theoretical values calculated on the
assumption of ice sphere is greater than the observed values by more than 10
9. The corrected theoretical values are coincident with the observed within

4 9% transmittance in the region of optical thickness 7 =3 to 10.
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Fig. 3.5.12 Time series of cloud optical thickness derived from sunphotometer measure-

ment (dots) and that derived from lider observation (diamonds). The optical !

thickness greater than 7 ~ 3 cannot be observed by our lidar system. The
cirrostratus on June 22 and 30, 1989 are so thick that the two optical thickneses

could not be compared.
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CCT, Ip(v)iZtRTOBMBHE, lan(v; 0, z) ZEE 0 ~2 OB DO KK D DHE,

L(OWV)REBETO TFAEBSHBE, T(v;0, z) REE 0~z O0Bl0EEECcHS (Fig. 35138
i)

°

EROBANT, BAHWHIEA v TEHM I BDT, FORIIUTO X513,

(V) Ips(v)dv =\ ¢(v) Iam(v ; 0, z)dv+ | d(v) I (v)T(v ;0, z)dv,

Av TAv T Av

2T, (DT YV —OREBRBCH B, L (v)ik, HBRIHEF - B SRR T &
RVOTLTFOREERL TS C Lt B,

S $(v) I (V)T(v ;0,2) dv

-
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Fig. 3.5.13 Schematic of infrared radiative transfer. The observed radiance [, is a
summation of /.. and I;-T (0, Z) , where I.. is the emission from the
atmosphere below the cloud, /; is the radiance from the cloud, and T 0, Z,)

is the transmittance between cloud base and surface.
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BEREET RN, T PHAR TR ED 28 O KE TR, BELARIIEOH LhvE
BLicholc, REDOBHEE LTI HO, CO:, O:hEf LT, $ETAOREE A k-
BAAEDRTE TH -7z (Lacis et al., 1979; Hansen et al., 1983; Lacis and Oinas, 1991), =iz X
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Time series of effective emissivity. (a) June 22, 1989, (b) June 30, 1989.
Effective emissivity is defined as the ratio of cloud base downward radiance to
blackbody radiance with cloud temperature 7.. The downward radiance at cloud
top is neglected. The‘c‘]ownward‘rad‘iance at cloud base is estimated from
observed radiance by subtracting atmospheric emission and correcting
attenuation between cloud base and surface. The cloud base temperature is
adopted as cloud temperature 7.. The cloud base height is derived from the
vertical profile of lidar signal. The vertical profile of the atmosphere is
interpolated from the rawinsonde vertical profile, and surface conventional
observation. The mis-corrected data are in Fig. 3.5.14 ; radiance from the low
level clouds is corrected as the high level clouds. In the case of June 22, most
of the data are near 1.0. On the other hand, in the case of June 30, effective

emissivity is between 0.5 and 1.0.
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Fig. 3.5.15 Effective emissivity spectrum in the region of 860 to 1200 cm™. (a) June 22,
1989, (b) June 30, 1989. All data are overlapped. FTIR observations were
performed every 10 minutes. Effective emissivity depends on the wave number.

Its dependence is caused by that of the radiative properties of cloud particles.
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Fig. 3.5.16 Plot of the optical thickness derived from sunphotometer and effective
emissivity for the whole period of observation. (a) from 10:10 to 14:00 (LST)
June 22, 1989, (b) from 10:20 to 14:10 (LST) June 30, 1989. In the Fig. 3.5.16
(a), the mis-estimated data are included. The relation between optical thickness
and effective emissivity is rather scattered than that between optical thickness
and solar flux transmittance. The width of scatter is about 0.2 for the same
optical thickness. One of the reasons for this is that the sunphotometer
measured the radiance from the direction of the sun and the infrared

radiothermometer measured the radiance from the zenith.
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Fig. 3.5.17 Same as Fig. 3.5.16 except that the data are for 11:00 to 12:00 (LST). The data
v ’for the period that the solar altitude is high are shown in the figure. In both

figures, effective emiésivity is divided into two groups for the same optical

thickness. One of the reasons for this is that the iﬁfrared optical property

reflects more of the difference -of size distribution due to the small size

parameter, (which is the ratio of particle size to wavelength).
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EO-kBEEOHEIE, KBEREEEL T -, ¥, BELOMHEBERE LT
Henyey-Greenstein DBAEI % 1 o fo, SRR TEATRIRIC AR 4 X85 2 =25V &,
WAL B B Tt HEEL D e 12 ST 5 Z &, Sassen (1981) DEBREREZBE, 20
IOER L, Baid, OB T—kRELB OFHE & B A3 % 5 EE
BHECARTAESA A LI, T2 TR Lish o7 (Asano et al., 1990), £43#R& LT
DER T O—vkEELE L, HY VIS DBEICE S\ T power law (n(r)dr=C, *dr) #{HE L CF
L7, power DI a & LTIk, 3.5%f -7, power low DHE, NEDCHM L 5 x 2 LEH
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H%, HYVIS 3+~ CORPEAD K & X O FHE - T BbIFTiRAEWOT, FROME %
T, FTIR DA=2 }A45F0% & < BT 5 S OR BT Lic L,

(2) KFD¥ A4 XH5HE FTIR DAY + A4 F

6 A22HD11:30, 12:00, 13: 00 (JST) D=DDBEEDF — 2 % F;~%, 11:30, 12: 00,
13: 000, zhZh, KFNEIBREVWRE, FRECES, BULHACHE LTS, Ny
EBRANT P VOBIHREFRNDDCKRD & 5 e itk -Tc, BORBESAO TR (n) %
n=0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128 pm L& T KMABLHE L TH X,
HEZRNEI R EL THUARZ YLV EFHERARZ P A2 BB L, XBENE X, 955 cm™

(10.5 pm) TOX¥HNEIR =1, 2, 4, 8,16, 32 % %7,

Fig. 3.5.18, Fig. 35.19, Fig. 352012 Eh11: 30, 12: 00, 13 : 00DFHEA N2 b L &5
O R Lic, BRESME, FEEEBHECEZDOBROVHOFEHR TR LL BE=
S LB —LOBRE) /N e BBUImW/(m? st cm™) TH B, BEDOHEIL, 860~
980cm™, 1080~1200cm™ OF — X DK THE Lz, 860cm ™ LU T IZBRHI B D RREAE < K2
BB 5O TR, 980~1080 cm™ 14V v D9.6 pm HE At D THU e,

11130041 Tix, ZZCTHEAK (n, v) OMER THEENR/NCL B BEHEEROT BT &
 BRTER T, HEARZ PR A=0.5, T =320MEXEREL L bR L, 860~920
cm™ CEHAMES, FmW/(n? st cm™) BT E WAL, Vv 09.6 tmEERSHTH LS
HHLTWS, 1080~1200 cm™ O RIEOEBIC X5 A2 F AOMMG X BRI A
T\ 5, BEIZFEHTLAmW/(m® st cm™), HXEBEDOBEDOFHDOFEFIRT2.35%TH 5,
920 e LITF D RMAVISERZ DRI, HETE Ty, G2 NESHBE DL, —KEK
HEDEFANEVWDD, FTIR OBAESE DD, B EFAE - e ZERIL DB D
WNENDH, Eﬁ%ikfohéﬁifhﬁiﬁ?@#%\@& ZAGMBII,

12100061 Tix, n=4, t=8DFtEMELBHMEE Vo L xR L L, 23 FHT0.87
mW/ (m? st cm™), 1.93%TH 5, ZOFNE, + Vv D9.62mErd & TE60~1200cm™ D&
B I<ERLTVS, BESANERALE, 77 VHOEHBELZETHETIE, BENESZ
T U TRERD B, BWESADFENCH LTUIREINNI W ER/D1 5, i, KZH
BT HREDENBEINEL b LB BB BTN D,

13:00D% Tk, n=16, =2 DFEMEEBAMEE V> L xR LI, REXFHTL. 2]
mW/ (m?srcm™), 3.49%TH 5, ZDHIS, =V VD6 pmER BRI, HEME L BRED
I—BLT\ 5, COBAE, KEHCH, BOSIBIEL ) LOPBLEHDT, TIT
B xfet VB TRTSBEBETERVOE L, * Vv ORI OWTiX, Smith et
al. (1990) OEBC X - T b EBME & FHEECITK X IR B D, v D964 mE OWITRRD
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Fig. 3.5.18 (a) Comparison of the observed and the calculated radiance at 11:30 on June 22, 1989.
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Solid line is the observed radiance, diamonds the calculated radiance. The radiance
calculated on the condition n=0.5, 7 =32 is shown, where r, is the lower limit of
power law size distribution and © is optical thickness at wave number 955 cm™' (10.5
um) .

(b) Error map of radiance. Error is \/ > (Ii(computation)—I,»(o‘bservation))z/N. Data

between 860 cm™' and 980cm™, and 880 cm™ and 1200 cm™ are used to calculate error.
Data less than 860 cm ' are less accurate due to the low sensitivity of the detector. The
! is the ozone 9.6 ¢ m absorption band. Radiances are
and 7 ; n=0.5, 1.0, 2.0, 4.0, 8.0, 16.0,

32.0, 64.0; 128.0, and 7 =1, 2, 4, 8, 16, 32. Except for less than 920cm ', agreement

region from 980 cm™ to 1080cm™

calculated on some combinations of 7,

between computed and observed values is quite good. The error is 1.46 mW/(m’ sr

cm™') and 2.35% . The depression area cannot be found in this error map.

TSUKUBA
1988/06/22/12:00
T

TSUKUBA
1889/06/22/12: 00

| ()

s vl

(am)

RADIUS

| N T S T OO VU S N S SO SO T 1 f

800 800 1000 1100 1200 10° 10!
WAVE NUMBER (cm') OPTICAL THICKNESS
Fig. 3.5.19 Same as Fig. 3.5.18 except for 12:00 on June 22, 1989. The radiance calculated

on the condition =4, 7 = 8 is shown with the observed values. In the region
of 860 to 1200cm™', agreement between computed and the observed values is
quite good. It is good even in the region of the ozone 9.6 gm band. The
observed data below 860 cm™ havé large errors due to the low sensitivity of the
detector. The error is 0.87 mW/(m® sr cm™) and 1.93% . The minimum error

8.

occurs at the combination of =4, 7
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Fig. 3.5.20 Same as Fig. 3.5.18 except for 13:00 on June 22, 1989. The radiance calculated on the
condition r,=16, 7 = 2 is shown with the observed values. In the region of 860 to
1200 cm™' except for ozone 9.6¢ m band, agreement between computed and the
observed values is quite good. The difference in the region of ozone 9.6 xm band is
due to incomplete information on the vertical profile of ozone and the atmosphere.
The error is 1.21 mW/(m? sr cm™) and 3.49% . The minimum error occurs at the

combination of =16, 7=2.

T A= R HEEND B AREERD B,

=0DOF LA EISEH L Cwign 2y, HYVISOBRIER HE T LT E 2 @0, 54X —T
WEShCEESE, BRI X 2#HERE - AEKOM, BRFORETHE Li—KkEBE
&, Henyey-Greenstein O#ELAABIS A HICFHE LiciRkAH0 pm BO AR 27 P A FOHEHE
Loz, 1.5mW/ (m® st em™) DRTHBHZ Ebholk, L, BENEX, XKEiX
KB THHDOT, EBOEF A% TR S SRED € F Ao 5E LR TED
EEOIREND Lhin, '

F7c, 12100, 13 : 00DHITiX, power low D FIR&ZE % fous & FTIRD A= 7 } L4 % FH,
THZLEBRTERNZEIY, FA0 pmBMO AR " ABRFTRE Z LWL - T, WAL
THEENMBL IS T L o T, 121 00DBICIE, n=4 pm ¥ CERTHBERDS C &
L0, KEOWELER 2 pmBEDNE DO F THET 2HERD S,

(3) log-normal 4#5c X % FTIR A< } L OFEE

power low CHES % 5.2 5 & X%, FiRn, EBrn, Hlarbx s Liis, S
BRI B B 7e HIEMH 5> BDEAD 52, BEHBRIC & o TEBEAMER L EAC LicBER
el T A - 2 ECHEULBEBE CRESHPEUTE LB, Thux s> HFrEMTH
%, 10 pmRTHE, BO—KRBEEZnEEL TP EO0ELLIZ L&, KEVGRTFOREE
WD PI LD, RITBT2HEIIHE Disv, L L, power low i X BRIEES AT, B
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Fig. 35.21 Same as Fig. 3.5.19 except that single scattering parameters are calculated using a
log-normal size distribution with v ,;=0.1. The minimum depression area occurs at
the combination of r.,=16.0, = = 8.0. The error is 0.94 mW/(m* sr cm™') and 1.90%.
Even if the log- normal size distribution is used, the observed radiance can be
reconstructed. Considering the difference betWeen power law and log-normal size
distributions in the region of large size, this means that infrared 104 m radiances do
not include information on large size particles. Therefore, the estimation of cloud ice

content may be difficult from infrared 102 m radiances.

SHEE LR & OBIfRE R T eI IS Eb R B FHFED I b EKFTHDOT, fFLicl
W 7o, NEUT ORI b BB AT B SR e

Z 2T, log-normal 44 (55 2 EORK (2.5.4), (2.5.5) &R Z{fi-kcitEEE FTIRD
BMARY P AR ERTHRI, DHADENDIE, vy=0.1&1, ry=0.5, 1, 2, 4, 8, 16,
32, 64, 1284, t=1, 2, 4, 8, 16, 20MARTARY M RFHELK,

121 00DBEOFEME L BEE, BEHAN %L Fig. 3521 WA L, BEOR/NMEWE ry=
16.0, 7 =8.0CTHo7h’, ry=4.0, =4 0CHDBREOHHRCLKBEARBDH D, + 7V DI.6
pmETEDTELZD Ery=16.0, T =8.0DFHEMA <7 b AIE, TOXOE, EFML
LIRS A S & 21 X > THBIANY FABKITE, r,y OER S D ) BRHR L
T BRBESACONTDERNE SN BD, 7oL, log-normal 77 & power low A7 DRI
FORECKBEBETOELELDHE, ZOZ LX10 pmIROPEIZT 25 TR, KEWHTOF
HFIBESNLWZ LD, Tihbd, KKEDHEZL ML,

(1) WHEHELEEhDER
800~1200 cm™ DA ARy PR EET B L%, FHEKMEYET 0T, HKTHARs b
NEFEEEZ I EOBERTI, £ ORERE0~980cm ™ D7 — # TH860~1200cm ' &%
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ot l & LA URSEMESLRD T LA ok, Eh, 1080~1200cm™ OF — & & ff 5 & ¥
BTERD EHH 2~ 3T BE LR BB, EROFRCEILT, £AX2 L AR TH
R ABENMROBMED  BAREERT WD, LidoT, —RIERMEN 5 KRL
1080~1200 cm™ 1& & R DHEWAE & T B & & BD o 1o,

(5) FIRDOKFHIE S LHNDOHFHE S
FARDNERE X OBFTFIE, 1200213000 2 FITHIVD, vV T 5 b A=K —b
B5R720.5 pm OHAEME X £10.5 pm OFRANDOIEME L & i,

“Tis/Tos=8/4.5~1.8 for 12:00

~2/1.0~2.0 ° for 13:00

10.5 pm DXFHE R, THOXFHEIDK 2/ TH D Z B350 o T, BHFIBRD I D
E, BESTROT — T AP OCHEBCBNTEED D BERD 5,

3.5.9 BET—%&

BES -2 L EBEORIGEF S, 6 H22H13:00 (JST) @BEwHA LB L
7o NOAA-11E £ %10 pm DERFROBU T — % LHBEMET HE LI,

ng&%mAme%EM§htdLMDnﬂmAmi®h®®ﬁﬁE%%Lkoﬁﬁ
12, DR IEEREEL3 N~3T°N, 139 E~143 EOHEBTH S, RICIZFEME V- L1 I
AUTz, #EE, 6 A22H9:00 JST) ORBBIIER M\ 6.5~12.0km ORI —HRITELE
T ot FHEMER, KRS ROMETH S, power low O FRIEE, n=4, 8, 16#mEEXT
HE LI, 2L DF— 23 n=4~16 pm OHWEOBZ ML T5, HYVISIK & - T, max.
dimension T20 pm BEDON THHER I N TE D, kK, HWTE CATn = Ta(ch. 4)—Ts
(ch. 5) DAEELXHHTHLDTII/NI BN FOFEENTFHEIN T H (Prabhakara et
al., 1988; Ymanouchi et al., 1987), HENCNITENFOFEE KE AT DHEIXBEFEL T
5, ERITbR T e 57210 pmBE E TORTOWE & BHORKEN LTS Z LN T,
EROFRIBAPNCHER S hicZ LIKis b,

Fig. 3.5.23 12 HIRS @ ch. 8 ® Ty & ATss = Tsp (ch. 8)—Tss (ch. 10) DEMR %R LIz, T—
RIAILCHRIBD n=4~16 pm OFFICT — 2 B3 LTH D, AVHRR oD L[ Uk
BrEshiz, 20X 51 AVHRR DA77 5F HIRS 45 2 — 2 OB L 5 T & 35
Dote, HIRSIE, X D& DF + VERANRS VMOBERBIZOWTLECET AV THATE D
PNEBRFAERDLEND B,
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Fig. 3.5.22  Scatter plot of Ts and ATss in the region of 139° E~143" E and 35" N~37" N
over the Tsukuba area. The abscissa is the AVHRR ch. 4 brightness
temperature TBQ and the ordinate is the difference of T between ch. 4 and ch.
5. NOAA-11 passed over Japan at about 13:00 (LST). Solid lines with diamonds
are values calculated theoretically. 7, is a radius of lower limit for power low
size distribution. Most of the satellite data lay between »,= 4 and r,=16 lines.
The. analysis of HY VIS data shows that there are small ice particles which have
an order of the wavelength 10 to 20 g m. The large difference of Ts between
AVHRR ch. 4 and ch. 5 was theoretically predicted. Observation which
measures the microphysics of cloud and the radiation field at the same time has
not been performed yet. Using HY VIS, FTIR and satellite data, we observation-

ally confirmed the theoretical prediction of large AT zs.
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Fig. 3.5.23 Same as Fig. 3.5.22 except for HIRS ch. 8 and ch. 10. The central wave
number of ch. 8 and ch. 10 on NOAA-11 are 90051 cm™ and 795.69 cm™,
respectively. Most of the satellite data lay between r,== 4 and r,=16 lines as in
Fig. 3.5.22. This figure shows that HIRS can be used for cloud parameter
extraction like AVHRR ch. 4 and ch. 5.

3.5.10 &8

BRFV VT, FAKX—, V7 5+ A—2—, FTIR, KEHSIE, BET — 22802 E6b8
FBBEOM LB Y AT ARIEDZ ENTE, BudDin - RERNTRIC X 5 F — X DL
B/BMRTEI,

E|R TV VT (HYVIS) 2254k, BBEXHER L CVARTOFERRET20 pm~ 1 mm DR
BOFOBHRAE DL Z LN TER, 198946 H22H, BIU'HE6 A0AOHTIE, ENFIIER
AARERDOKETH o T, KEDH A X5 A% power low (r(L)ocL™) THEMTH T LANTE,
FOEEIIFETCa=3.2TH -7z, T>—40C TiX3.17, T<—.40°C TH3.3ITREMRETAL
Rt te. HYVISIZ, KEWS & 7 4 0h T3, EYBEELHHE—ORNBETH S5, KHE
DEHOEE A ED 51013, BUEEYTE LI, KGOV V7Y v 7 Ea T TEE
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2B E—BOREPLELRD, : R

HVTx b A= - TKEFRAOKELRET S L X b, TRROIVEBE ¥ TONXFHE
BERWETHI LN TE, KBFHROKHEIIT, i DLEBILRINEETLTEY, 5D
MEFEXRFE L, ARCHELLTRERE 7 7 » 7 2 LWHONFNE S ORGRYESL
ERTEI, TAZKEY S v 7 A LURONFNESOBGY, BRAELHBR LER =
3~10D0HFHHM THEBEK 4 KU T—H LTz, BRFEOEe7 VL, HACHBEE X
Henyey-Greenstein Bd%{(, asymmetry factor 13500 nm C Takano and Liou (1989) ® g=0.75%
FOEREKFIRNTFERELCGHE LS DR -2, BEROHML, HYVIS OB %Hic
power low CiTfEl L7z,

FAX—DXFMEIL, IBEFCLAIETE T, SEHOBIIEEHCEVEBEDE
WTHSIDTHETHZ ENTE oz, $V 7 5 b A — & —DORIEME & M7 ZE Lid
Tt M xR L,

10 pm BORABH OBR, 74 ¥ —DOBESE, SBEMN, HEBHNOF — 2 2fliabe
BIEWLY, AROHEHROHELITH ZENTER, ¥, THEOXFEMEILELRATWS
DT, 10 pm OFHHHEREARONZWEIOBGREED Z LN TE R, ZOBRKL, H3h5
HRTO.2REDWAD ) BCHRLLEND 5,

FTIR® X 910 #m (800~1200cm™) DENHHTEIBHD AR M &2BEDH T ENTEI,
CDARI M NAFHRETNERND LI LD FENADOKENES, NEHFMOBHRLBLZ L
MCEE, HYVIS 5 HELRIKES % b L1, KES % power low TR LSO FIR,
HZWE X B 2 BUE & ETEERY Tz, XFEHCEWEE, PERECHS, HWBE0=H
DIDWTIRTHERH, #BE GEOREOTHDOTFHE 1.5mW/ (m® sr em™) BT CHRIE
LR —H I D T LT EL, FECHCRHSME 7, —REE B Henyey-
Greenstein @ﬁﬁlﬁi*ﬁ B, BREIF A {K%E L CE L7 single scattering albedo, asymmetry
factor CHSWT W5, ZOBREDEFLIC L - THH0 pm BOBENIN e hHRATE S Z
EBbh oty $lo, HBOTEEYEXINNCEARY FASHABFATERNZ L LY, ZDOR
R7Z PABLRESMOEBRIBELONS Z Edbh s,

log-normal 475 > C FTIR OFMA <7 A OFBW R TSI, VE— b2y vy 7O
HxEZ25E, ADERTRBAINDINEN MRS Z LAEFITH S, LOBR, B>
{ power low & [MRBEDBX THRYEREREE TE 7, log-normal 577 & power low 3D K &
WHIRBDERELDE, TOZEXI0 pm OREKET 5 TRAEVCRFOFERIIDE VED
hignWZ Ewinsd, Tisbt, KKBEOHERLTH LV LIS, ¥, 860~1200cm™ @
LAY P AREPTL T, 860~980cm™ DARZ FARHS L TCRUBRIABONDL
Lo i, ‘
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(Theoretical modeling of cloud-radiation processes)

4.1 AIREHOERRRSTHE

(Radiative properties for broken cloud fields)

4.1.1 Lol

B3, KPEFAOHR? A TBEREBHERDO S DHT DI b, BERIAESMC—
WIEHR > Tw53D, BERINIWAL - L DOELLESbDOFRT, EEOKK TR, KX
T Ay —Abs b RD EBRA—RECIER - T BHIIATEL, %L DBENSIREL SR D T T
Wh, TORICHEERER LTSN OB R MBI, 3SKRTBUHEREARR Y ML &%
EodbbH, L, kAR INTELBEHEENBERR, KFEHRAC—HCAER - 1282 CHT
¥W§)%ﬂ%&br%b,ikxﬁﬁtﬁw%&ﬁx%—AmﬁEﬁEﬂm@%%@%gﬁﬁ
Sicd, HREROBSREYE, FIIENHE (R) BZREKRORZRDLH T3,

R=R. (1—N) + NR, 4.1.D

ZITT, R, RL, BREROEREDKHETHROBIEEAT — 20 6KESD, Nk, EE
RT, COELE, T TREATHLER (P-PiELD L8, Monte Carlo #ic & bkt
HRERORHEORERS D, & OWAITBAC X D50% L EOBEE L85 & L ABE I T
% (Hl2i¥ Welch and Wielicki, 1984), '

Harshvardhan (1982)1%, AREMOMHEY X ) EHEETLODCEHERD 5\ T FMER

(Effective cloud fraction, N,) &8 L7, Zhix, 4.1.1) KON DORbLHI N, CEEXHE L
THEBEHROKEER YR TS0 T, EREFORHMEKL qzﬁ?ﬂié%@ﬁ@l:b& LTEZ2D
h5, TN MA%ED DR T parameterize TEXNEBFLHICHEREFHORHRIHEETE B0,
BERE L o N, ¥ETRAENE I T 5 (Harshvardhan and Weinman, 1982), L2>L, &
OBIETEFINTD V AREFHOBGHEEXRDOL2ABNREOMALEETH S, ST TIX
N, & thsd B HAWIL T 2 —~ 2 2B T 5, '

4.1.2 H*k
SRIEDHHBE Y HETAFED I DEVTF AL ERD S, hik, XK&brEb5b
photon ZEEAT Y ¥ o L— M5 b O CH BRI 5 N ERLBEOWT LR TCHET

% /A (T. Kobayashi)
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BHEVCOIBBMI DD, KBS 5D photonid, B F & BHEL LE A e HAICEL - T, &0
AL A48 D3 LT photon AERAHC H B BN Eh B % TIEBHF LT\ <. Photon BTN F &
s EcoER (O RUBEA (0) BKROKCERIhD,

Rn = exp(——&;Bds) | ’ 412

Rn( 6,) = 2% X:’P(G)dﬁ 4.1.3)

I, R0 1 O ST BELK, BIMAFHELIRE, PIEOMMEE TEN
T OXZFHBEHRONES bR LR S,

CETAVWKEOBRINERERE FC I 05T bh, 7Y » PRIEEFNRERI—EL T S,
o> CTHEBOEINITHD L EEFENORD, BOBIERD 5 WITERCHE T2,
Fig. 411 CAWEELEEZRLTH S, ’

REGULAR ARRAY Composite Pattern Random Paltern

odoad oorgo o
oo oo ooo2o o
00 dd oooono o
O0aoaQ Coood O

Fig. 41.1 Cloud fields used in the Monte Carlo calculations.

EONREME X, 19K 04.9LF%, #ELE, Henyey-Greenstein fL#HEE% (g=0.85) K O*
Cl ¥ 7 (Deirmendjian, 1969) (¥%K0.62 pm, JEHE1.332) K> bDET 5,
HRZHISHTEREL R DAL, EOUHEOHFECDH S LFbh T 5, HREFTIZK
BXixES LEo A LTI BHET S A KBHERE, Enhanced illuminated area, K;), ¥
, ERTOBFEIAES D LT CITEBOELHEMEHA TS5 (HEEARE, Cloud-cloud
interaction, 1), Z®D 2 ODMENEREFHOKMHFERICKELHEELTVEEEPATHS
(e. g., Welch and Wielcki, 1984), ZD7%®, EHEELX ZhHDOHREOBHELETALEZ AT,
KL S5 ETHRAAER (Har‘shvardhan and Thomas 1984; Welch and Wielicki, 1985), & Hiz—#
HATHEFHZBNCERR LT A BE I TW5 (Joseph and Kagan, 1988), %7,
HREFHOIHE R (bef)) RMIZEDORHFER R(D) &£ 220HENHLRD LD LTHHED
#% (Kobayashi, 1988), Zh bo®EL, FREOKHFEM %% 2 5 LT ELOREIIEKRIIC
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BETHHELXRLT5,
KHLUT TR, TV F I e X b BRBHORSER 2 TRD LK 25008 RE2 AT
EREBHDOREHE S 2 2 ) ¥~ g VEFNFORBEYRNT S,

4.1.3 ®E
(1) RIS ER LSS
(1) BRERO SR

EYT AN RER X HHRERORGER L P FREOKEEO I Fig. 4.1.210R77, BixE
BR 7x k& XD regular array (Fig. 4.1.1) 3 X OF checkerboard “C*,‘lzlﬁlﬂ@ﬁ WNo) IBIZEsEh
HEOEERLT W5, MEREMNAIER L 5, 8HLIZ, H-GAHEBIK (6=0.85) &> &
T5, KBPREOHEEREG T EHIL L b/ S WREHKE B (Fig 4.1.2-2), Zhig,
HERETIXEDMEA HHIF TFT< photon DD T, BORSBLILVEFLOHRITAE L, —
7, KESRIER 0,=60" Ti%, HCHREBHDOHAAE (Fig. 4.1.2-b), Zhit, BOMMEIZA
BB AHT HIRBHDRIC LD EEL DR, PIVERRI OBABRBDBRIIKE VD
HbERKREL ST WD, HAREVETHTE, 1.A5TTOHEP-PIENIE% S KR Y
WA B & LTl B, ‘

REF (BCF)/REF(PP)
REF (BCF)/REF(PP)

02 0.4 - os 08 o2 0.4 0.6 o0
CLOUD COVER CLOUD COVER

Fig. 4.1.2 Ratio of reflectance from broken cloud fields to plane-parallel cloud for regular array of
cuboidal clouds as a function of cloud cover at #,=0". Nc is the number of clouds. X

indicates the ratios for checkerboard patterns.

Z OARBF O KRS KBHPRECE VR P-PREEMC ), ThA TR E w5
BT, RTINS WSS ) — BT, o3 (Random, Composite patterns) T
BmHrhT\wb (Fig. 4.1.3), BT Composite EZLTHBDIX, RicHDKEIDOENLR DB T
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Fig. 4.1.2-b @ e_HiZ 27 b /N, SRR KBHB RN I b2 T, Thk X b B
WELEDOMRFig. 414 TH5, BX A4 ODOKREIDELEHEA TS (Table 4.1.1), KBXKIEA
60" CIR B D M B, DZ LI B < HE LT B, & ORICR L E 35k (4.1.6) RCEHL
T HCTWS, BEOREIDELDERKE WL E /ML HBDE N,

I.S T l T ] T
1.4 —
’ Random i
T 1.3 —
2 = i
w 80=60°
W2 : —
= Composite
L
Q|-
@
w — 90=30°
& 1ok Random .
~ Random 80=0° 7
0.8 1 | 1 | !
0.2 0.4 0.6 0.8

CLOUD COVER

-Fig. 41.3 As in Fig. 4.1.2 except for §,=60" .

(1) ARBHORKHEEDAFAZYE—v gV
Ne&oST 2254 T BIDd, ARBHOKHE RGch)) HNROBCEIRD & ET
%,

R(bef) =1, E; N R(1) (4.1.%)

CZTRM I EBEDORHFET, T CRIHROEEH VS, i, L RO E kR THE
Ehb L RET %,

L= R(bef)/R(1)/N, ‘ for 6 o=0
U La( 800=0)—1ILR(pp),/R(1)—1ILR(pp, 60=0)R(1, 60=0) ], for 8,0
(4.1.5)

— 254 —



[BMEAHNRE £295 1992

£ — KA F a5 Ri-E8
T HLtns R EE 4.1.6)
T2, R (op) AT FREORGEELRT, (4.1.4) RTIIEDKHRLHOMCIET 5

LDTH5,

2 T T T I T L T ¥ I T T i T |
LA REF(BCFIREFIP)
| ——
T ]
— ¢ PATTERN 2
2 ~--UPATERNY
EF ]
1k T
la
T I N S B T
10 15

NAXIMUM DIAMETER

Fig. 414 Ratios of reflectance from composite patterns 2 and 3 to plane-parallel as a function of
maximum cloud diameter. The area enhancement ratio (£;) and the interaction (/) are

also plotted.

Table 4.1.1 Composite patterns 2 and 3 are composed of four sizes of clouds (Di-Di). N, is the
number of each cloud size. The total number of clouds is 49. The cloud covers are

0.2 and 0.15 for patterns 2 and 3, respectively.

Composite pattern 2 Composite pattern 3
Cloud diameter (Km) D, D, D; D, D, D. D; D,
(a) 0.5 1 1.5 2. 0.5 1 1.5 2
(b) 0.25 1 2 4 1 2 3 4
(ec) 0.125 0.5 2 8 1 2 4 6
(a) 1 4 8 16 1 4 6 8
Number of clouds (Ng) 13 12 12 12 23 16 8 2
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b
T 1.2 T T T T T

) ] Composite 4
_' LR A rye— —
Lol : _Pey O 1
OF ———— 5] L 08F-"" 80=60° .
z 08 __-——77 - Q12+ -

o - - Random
= < L i
5 ohn z /””—\
— w I~0 | R R T DT P PRSPPI
E 0.8 a ]

1.0 -
0.9

02 03 04 05 06 07 o8 0.2 0.4 0.6 0.8
CLOUD COVER CLOUD COVER

Fig. 415 Deviation of reflectivity from Eq. (4.1.4) (solid lines) for regular array of cuboidal clouds
and that calculated by Monte Carlo method at ,=30°. PP indicates the deviation due

to the plane-parallel assumption (dashed lines).

(4.1.0) KEev T Hr ey Wl LIRER % Fig. 4.15-alcR T, 3HELMH2Fig 413 &R
UG, deviation!d (4.1.4) RIC X BRHRE £V F L nfEROLE LTERSH T 5, Hik
D7z P-P LD deviation (P-P 3ELIC X LRMETvFALE) TR0, FLTHSD,
A.1.O RiZ, P-PHELUI D I BoTW5B, B P-PHEEBPIIVERETENNAT A XY
¥ = g VIEEBANOKEW A7, '

Fig. 4.1.5-b 13, Random, Composite patterns @%ﬁ"é‘, Fig. 415-a X h 2 kK&t
deviation %23 P-P il X D BFNIAERE R LT\ 5,

(2) HERAERHOFE
(i) HIRERFO K

CHE TARRIHERIL, RARHIMEVCELXREL i, L L, FEBEOAZIECR
SR A RS RE LB LT B, KB WETERE TR R §HI5R 80K R
HELRESIE . BICEEORIECKERDBE, TOMBYEET 5 LATES, Ch
wxf LEREOSE A, EEHELEFICHFRICEET S photon 23 b, FOFBIIEELTEX L
(Kobayashi, 1989), = & Ti%, %@TKE& DUHELFED Lambert i BE, T052 5%
e FND, '

EBOH T regular array 755, HIFICREROEN Y #EEL Tz, L LI 2 TIERI
B TWBbDETSH, i, MHBEIRE, Cl ZRESA (Deirmendjian, 1969), JE =
0.62 pm, JEFHE=1.3327C Mie B LB L DE A5,
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Fig. 4161, N/N % N OB & LTl + OBMEBRHRKICOWCTT 5 5 b L O RT,
M%(B@,%%%%Eé:mﬂumﬁbgﬁw%m%@%éfbéok%ﬁ%ﬁw@aﬁ
R,%E%ﬂ%ﬁ&%@%gd¢évoL#L,k%%ﬁﬁm%wvmﬂfﬁﬁ%ﬁk%<&%&
N/N BBHEC 15, N>0.3Tit, P-PEBTHREA SHBED I Ebn 5, HicHE
b%?@%@%%@i%<,ﬂ%ﬁﬁ%%ﬁo#B&W«@%M?%PPE@@%ER%L(%
w35,

1.6 As=0 REG.ARRAY

CLOUD COVER

1.4 » REG.ARRAY
1=4.9

CLOUD COVER

Fig. 416 The ratio of effective cloud fraction to geometric cioud cover (N,/N) as a function of N
for regular array of cuboidal clouds with an optical thickness of 49 over a reflecting

surface.

(i) WEMREOEEBDOAF 22 YV E—v g v
TAFREBC BT, K (A) 2O OMEEC L 0NT 58 (B—mER) ORH=R
(0R) B;koFEELHN 5B,
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R=A.TT/ (1-A.R “4.1.7

TR TREORHE, BBEEIObT., ZORIT ROROAHAKEEYERA LTS
DEFERETIZFOEEINIIVWESbhTw5, HEERC BT 58N (IR (bef)) dRKE
HARTEINDETS, HL, R, TOAFAKEEEERL T,

dRMcf) =NT(8y) T/ (1—NR) (4.1.8

EET, 2T, T(00) BAREOKRBICHT 2EBRK, T, RIZFZMES D ORHIITH T
HEOFMRE, KHEYERT, 0, IKBREAYRT. U.1.H XefVv5 &, 4.1.8) A

ORGbcf) = A(1—L E; NR())(1-N<IL.E; RD>) / (1-A N<I, E; R(D>)
4.1.9

Ligh, ZZI< >iE, ¥RETAHAFEERABZEXERTS, ZEOHEFEALZZZ
Tk, I, & N2 linear TH B Z LR RELTKRANORD B,

I. (00) =1+ [R(PP,@O)/R(L 00) _1] (4‘1.10)
IHIFZBEL >ELEDHEDI

R(pp) =a+b[1—cos(8y)] 4.1.1D

R(M)=c+d[1—cos(8y] (4.1.12)
HRET B EfER 0 R(bef) 1
OR(bcf) = (eN+gN*» E; (4.1.13)

LERIRD, ZZTa b, c, d e glTHBIRE,

Fig. 41712, (4.1.13) R X B 0RMbcf) LEVFIANRER I HEXHELTHD, BT
EvTAhLE, BT (4.1.13) R IBETOLBAFMEL TV 50X EEO D >TH
frfa=0 (KR OABEATHLILE RVl Ldd, Lrl, EvFaiatklo
ZTN I, '

() HREEORIEDSAT 2 XY H e gy
HEFRH OB A OHIRERDKEE L 6 R %\ CHEERKIO B 5 B4 DB O KM

BHEL, EVFAhLalEE BT 5, Fig. 41.81%, regular array DI > THER L1z
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T | | T ] T

REG. ARRAY

DELTA R

CLOUD COVER

Fig. 4.1.7 Increase in reflection due to a reflecting surface as a function of cloud cover. Solid
lines show Monte Carlo results. Dashed lines denote corresponding results using

parameterization.

DT, deviation 13 Fig. 415 LM EVF /5 28V ¥ —v 5y, w5 /P-PFEL, & LTH
BDTHB, NS CHEERHETIE, P-PHELOEERSE D B LVORHL, <52 %)Y
¥ - g VIIHEEREE, ZECHIbLFRIE—EOEERLTWS, Fig 4193 4HE4E
% TEHE LT, regular array KBS FACFA45°, bar RDEDS, BRCHINO D HHEL LT
B0 size 445 (composite pattern 2, Table 4.1.1) IEDWTRLTH 5, size H A TIRERIT
0.15, THLISHZ0.2E LTHB, KBFA AL L5 0k, BraET L bR Licss
TIRBHDEDKE DR S KE, W size FAH TIPS CRHE LR T B, B
WRTHICP-PELNE, BORBEHCAEEETEORR LT 2 2 Y £— 5 v OKFH
S, L L, HEEREEAAEL /RS & P-PHEAD 1 CESEBENRL RS,

4.1.4 HBHYIC
EREFHOOEERMSEENE VT AN e EOFERIOART ARV E—Y a VX DY
Bz o, Tabb, FREH TIEOME Y KB BH T 5 RKOE L EOROHELIE

AN, BT PREBORN & 02X AR THANREE LR L, BRellmzReHT 528
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REBEFEF RS $£208 1992

CLOUD COVER

Fig. 4.1.8 Deviation for regular array of cuboidal clouds.

T T T T T I !
2| 0=60 .
e REG. ARRAY |
Para  "TTte--- p=45
1 [ o
S~a 1 |
ST LONG BAR |
| -
-1 SO
e REG. ARRAY
T w=0.99
1.5t A
COMPOSITE
1 t'—_j:-"_‘__f__ ““““““““ EEBRBRRREEEEE —
L ] 1 f . L L
0.5; i 2 3 A

Fig. 41.9 As in Fig. 4.1.8 except for various cloud models.

SURFACE ALBEDO
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ﬁk%h:&ﬁﬁmoto:@N?xﬂu@—vavn%ﬁbﬁ%mﬁ@%ﬁ@ﬁ%xé%ﬁ?
B, UL, FORBEBRITICHA 28T regular array SR cIFBRERBETH Y, EBROAZKIC
RO B EHTE COENPENPZEREN T, LR IALOBRFANDELRbh 5,

2 £ X ®

Deirmendjian, D., 1969 : Electromagnetic scattering on polydispersions. Elsevier, 290pp.
Harshvardhan, 1982 . The eifect of brokenness on cloud-climate sensitivity. J. Atmos. Sci., 39,
1853-1861.

and R. W. Thomas, 1984 : Solar reflection from interacting and shadowing cloud elements.
J. Geophys. Res., 89, T179-7185. '

and J. A. Weinman, 1982 : Infrared radiatiVé tfarisf,er through a regular array of» cuboidal

clouds. J. Atmos. Sci., 39, 431-439. '

Joseph, H. ]J. and V. Kagan, 1988 : The reflection of solar radiation. from' bar cloud arrays. J.
Geophys. Res., 93, 2405-2416.

Kobayashi, T., 1988 : Parameterization of reflectivity for broken cloud. fields. J. Atmos. Sci., 45,
3034-3045. ;

, 1989 : Radiative properties of finite cloud fields over a reflecting éurface. J. Atmos. Sci.,
46, 2208-2214. )

Welch, R. M. and B. A. Wielicki, 1984 ! Stratocumulus cloud -field reflected fluxes : The effect of
cloud shape. J. Atmos. Sci., 41, 3085-3102.

and , 1985 . A radiative parameterization of 'stratocumulus cloud fields. J. Atmos.
Sci., 42, 2888-2897.
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4.2 FHERBREOKSGHIMGE"
(Short wave radiative characteristics of horizontally inhomogeneous

stratiform cloud)

4.2.1 FLslc :

EOREHRMEE, T EFROFEETHEbh S Z L0305, FEROBIAKFHGMIC—R T
. Fig. 4.2.11%, 19894 3 A30H DEHKFERIT TR OLNIEKEDOKFELEH TH D, RBDOH
P2 OZIEEN >0 BECE—RERBREC R 1 ent, WBOBKE, AFHEICEL
VERDD T L bbb, O X 5 REAEOIE—REMNE OB BB RIS T A S
THI L, BOYE— by vV STHERER DI T B FATFARR DB O O F 24t
ﬁ«ééxfiﬁtckfé6 EHHRDCEATEERD BT, RGEROEEY 5
AZFAXLTROYALBLERNELETHS S,

ST M SERIES OF L.W.
e 50-12:58 1IN CL@U
(12]
EAO M
&N
?0 120 00 240 00 360 00 480 [o]1]
SECOND

Fig. 4.2.1 Time series of liquid water content from aircraft observation on 30 March 1989.

4.2.2 FTHEZEOERHIE

TNEAROBES LR, BHEEIBROBLRDLHEL, Ev 7 rekic X
LHEERELORD, WMEZEDHETEIRLHRBECE W CHEREDEALORARD D, —
i, BREOHETHHE, KPP0 2HAOESR 525 EXARETHY, —B—E1 D5, K
HREGERC L HBBL, /KD D — BT eh 572D T, IPFHMER<S,

k EF#H= (Y. Mano)
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(1) ZEAFEX
HHOE 2 RTOBEHEEESBENIT,
a 4
ucos¢ [—I— gi kl+fi§ do’ SI_IP(,U,¢Z,U',¢')d#'

+-iﬁ-p<# 6 1o, $0) FCuo, $0)  (4.2.1)

I HKEANERCRETS &,

2M—1 am+1

D) [K(n m; n,m—|—1) [" +K(n, m:n', m— 1)61,,

n' =0
al"‘+1 oy

+K(n, min, 1=m)5— + 201+ 8mo) Lln, m;n' )5

1 (ntm)! m 2

(4.2.2
il
Kn, m;n’, m’) ES VPR(p) Pe(p)de,  Lin, m:n) Eg v P () Po(p)dp

phase function 1%, Heneyey-Greenstein ® % 1 &AL, 0-M x5, 6 -M &L,
phase function % 6 B & 2 M— 1 R ¥ CORBBREMAOFE LTHRY, BiELOFH - — 2
BPRICEKBE T HHDTH S, BEDFHEIL, Heneyey-Greenstein @ phase function & € — #
VERFELVEWOILHBI L > TED D, EROHERIE, M=20BRx -7, EOL
H, FECHTBEREHE, BOAR AT BHALATEL L LT, Marshak 08 R 4bk
TS,
ERKFHACTHETH b1cd, MBEBED A5 4~ 21k z HACELT S, Lizso
<, LRt FEEHOBMTRBS HRR LD, PAEROSACHA SIS I 5 bl
ﬁ&m%véc&ﬁf%mvo%:@,ﬁﬁﬁ&f%<%§ﬁbbo

&) ﬁ@%&

£H, Eﬁ%?f%btb FIACET Rk IR ARG R RV 5, ﬁﬁﬁ®ﬁyﬁm
OEERILIZI, ZHELET7 - ) =BREOLELLTH IV, T TRESEYHV, $HEN
FCBE L Ci, BOREME THRABNBBCELTHL2ER LT, EORFMITEHICE
BT o EEERECERLTHE, SHROESEL AV, o '
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0z _ 1 e
9¢ 1+(jﬁ—&)

FERA BEML LT T # 5 B — SRR H T~ | HRRED KBRS 25 0T, #0
BLHEARAVSZ ELies, B0 LEBEL LC, B4E, periid & 5 is AR O R
DIBEN L VDR EH, M= 208560 FOFBRCHEAT S L IENEL , B AKFEH A
DARBENE AR AT, IRAE E A ST B X 5 e bk, ABOME
A LCHESE, DR (dynamic relaxation method) DINKAHE < , REBEEOBWEEITL
MBS Ui o DT, ThE v, '

(3) FEm ‘

RO, WHERRA k= k- (1 +d coswz) O &5 ICH— I TRI S BB DFER
R Fig 422107, d2 00 L EFFFRETSH D, ds LIS  Coh CRYEM % <
fe B, PHONZNEXZ16THS, Fig. 422 T3, d=1DBEDT7 T » 7 ARMHFTEHFE
RE (d=0) DERICESTISYBREBIES , FIGEMOPBRI—BICIELT 5 = LR TR
W EBRRERT WS, UL, REOCBKER, BHEOBMRE LTOPRGTERE,LD, FEE
DML LTOAREE COMCAET 50 TH Y, EREOTHHEOBESMRIC & > Thb
RITVIR D, MR ERG CREN O S ME L5 0 & 5 ORI FF o LATERL,

1.0 . ~
Ho=16 Wg=16 H=Ho(1+d cos @X))
| . —_— a .
| , — 2
0.8 b
08 o T
0.4
02 04 _ 06 o8 1.0

Fig. 4‘2‘2‘ Flux reflectance of horizontally inhomogeneous cloud. a: Monte Carlo result, b:

Numerical solution, c:local p.p. approximation.
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4.2.3 MZHBRAOHR LR > -EOTHEM
(1) 19864E12H 248 Dl
EXFFTHO flight path T - L BKEOELY Fig. 423 RT, ZOMCEER, ZEH
HEEE TRS0m LR Lic, v 7 ) v 7HRIZTH L TRSOM TH 5., 7ois, BARDZM A
i, 1 kmAREIE E— 7 R RL, FRE DA AT, BROR— 1 FIC AL
fﬁ&bfvtoit,%mﬁouzrfiAm,¥%ﬁ@&b@ﬁ#ﬁ%f.%ﬁ§ﬁk%<»
kb&ggﬁm£b5%%ﬁ¢é<&%:a%itfmé,:@:&@[ﬁ%ﬁﬁé%zéaz
TERODHEHREELOR D, 3T, MMEROEHELINEKEDZME L KT 5 &7
EL, MEAROZEMTHEY 2/100m). LIgELT, Fig 423 FIR LKE (2.5 km)
DE(LA RPN DT & > RO BEME A EH I Lie, Fig 42410, =vFaialkl, 2
WP EUO BRI ORE LT, MEDRRIE L —B LT 5, KBBIENEBE (s
=1.0) ik, KEFRZ, RIWCFTEBROENE T > Th L EFH LI RKHREBEALRALT
HY, TITHELRBOSGERIL, MAROHAFHAOYENFT I EE2RLTWS, IiEL
T o7 — 2 D225 A %muT@z&—»@Eﬁ#ﬁihfu&vp&k&ﬁﬁéh%m%
%, KBBEME e BIohT, E%zmﬁﬁ¥ﬁ$ﬁﬁw®ﬁ%$kmﬁLT&%kk%<
kb,ﬁLé—%k%@ﬁ%%mﬁ<toho:@;5K,¥n¥ﬁ§&@£mbﬁ%ﬁﬁ&
FoTwb I LRI hi, 2O O TRABEROBBIGKISKBETH), BHLE
IRWKEITH T,

Liquid Water Content 24 Dec 1986, 11h40m-11h53m

10 20 30 40
Distance (km)

Fig. 4.2.3 Time series of liquid water content from aircraft observation on 24 December 1986.
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g=0. 75 a=1. 0
(an)
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COS (35)

Fig. 4.2.4 Flux reflectance of cloud of 24 December 1986 case. a.plane parallel approximation, b:

numerical solution, c:Monte Carlo result, d:local p.p. approximation.

(2) 198943 A30H

Fig. 42113, BORHLKFERT LBEOBKEOEEH TH S, KING DEKEF L ERT L
7 A BEEEOBRME TIXEKEDERRK S FLULEDOERD L DT, HECIIFELD 55,
PRZELIAETLSRB LT, ZOXSRBRKEDEBSN EOBRERMAREEY DD
o, Fie, HEHEIOR(LICRET DV TN B DA E 5 1w RO GFETHN,

King (1981) %, ';filj\]b diffusion domain IZ ¥\~ T, LA & intensity & A& intensify D
%, Doubling DFTERER % Fﬁ W T single scattering albedo W BI RS 7z, & T TiL,
6 ~Eddington % T, _I:["]%?7 59 TR &—Fr]%7 S 97 K@bt’:‘f%?—ﬁ’]g‘é &;EE%«;H*

'3§'|7~]0) diffusion domain T®, 6 -Eddington & D #IX,
i) Conservative @%A

Fi _ (1—g)(H—7)+2/3(1/1—1)
Fl — (1-9)(H—71)+2/3(1/7r+1)

4.2.3
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r= (I_Ag) / (1+A5)

ii) Non-conservative D4

F1 _D(1—eexp( —2k(H—7)))
Fi  1-D*eexp(—2k(H—7)))

(4.2.4)
D= (1—s) / A+s), E= 3 U—0) (1—0.}*
s={4/3-0—wy) / (—w D}

¢e= (1-A/D) / 1-DAY

ei2L, H: BONXFWES, A, WETRHE, 7 IKEE’@J:E#B@ﬂﬁiﬂ"JEE%E, g:
assymetry factor, , : single scattering albedo, ‘ ‘

King (1981) %, F1/F | BRI 5EERE (A[H) T conservative #EEL, (4.2.3) Ric
MY THHERERE»S (1—gH—7) RDL, (1 —g)H—71) BEECIEEAEEKE LR
WOT, MOWRKET HEE LTCHEHT D, (H— 1) &, BHME»DEEE TOXFNIE
HArEHLLTWA, 22T, 0.5 pm O Tconservative ¥ {REL, ¥z, TOFHEEME T
%ﬁ#4fmﬁ?bg@%ﬁﬁﬁwéb;k#&gz&%%ﬁ%b,Mzﬁ)ﬁﬂ%(H—r)%
Rebte, DX S LTRDI (H—7) DERII% Fig. 425 10m3, BAROELE X 6
LTw5b, FIF] B, BKELEDORIGHECDS, UEDOHEEAWDZ LIC L - TEKE
LORENESPCT 5T, REL, FAPREMEHCTWS S L, BRTRHHT T » 2 2
DEMCHETE T B0 E S hEOMENE > T 510, KHENE S OHEILERICEET
5ifmu§ofm&moL#L,%Kﬁ@%kﬁ%ﬁ&f@%?%ﬁ%@%&éﬂﬁLTma
ZEMD, BREOELABZED & EHERET T T RE T FY Lic BO 22 bic
RIET B & LRSI, |

FoT, BEREOBINBOLENESOBE(LERL TS bDLEELT, FYBEEDO M
AEETR, THRARSBEOBMERC RIETHE LRI L, Fig 4210 LIcKROZ
L XFHEIOE(LE LT, FHOXFWESII60EL T 5, RINAEAHEOHERRY
Fig. 4268 WR3, NABEOREHEL, —#ALBORMHBHE L TRXA 8 BRE, SEOER
DEEDOKEGRIEA TIE 5 XBE/NE 785, Fig. 42.1 1R L KB LA B/ S WX
ThHY, 2EXBOELE S L, NOEROMEBIIILIKEL LS, HFit .6pem) TH
BHERRI0 pm DER YA AHE L CEROFELTe) &, REFBRITFEA EFE T
B, WILRCHK S BEEOHMALE U, Chik, TOWEEETIE, X%EHEI60EDE(L
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WX LT, RERTZERRN LTS DIonss, RINKIIEEHNE X OZLOHELZT B\
kB, '

COBITIX, bl h—REBIRETH D, »ORENCHIE ) Eh s bbb T,
Fig. 423 R LIBEOFENFM I hic, Lics-T, —RICEBO BB 5 RIgEN%
DHBIMEATERVHDL LTIHRMEEED TS DLERDA S,

TIME SERIES OF H-TAU
12:50-12:58 IN CLOUD

. 150.00

120.00

80.00

60.00

3IU.UU

0.00

1 I ] T 1 I |
0.00 120.00 240.00 360.00 480.00
SECOND

Fig. 42,5 Time series of optical thickness between aircraft and cloud base estimated from flux

ratio.
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T T T T I T 1
0.00 0.20 0.40 0.30 0.80 1.00

CBS(S)H

Fig. 4.2.6 Flux reflectance of cloud of 30 March 1989 case. a: plane parallel approximation, b:

numerical solution, c:local p.p. approximation.

2 £ X ®

King, M. D, 1981 ! A method for determining the single scattering albedo of clouds through
observation of the internal scattered radiation field. J. Atmos. Sci., 38, 2031-2044.
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4.3 53R L7z Voigt 7 % - 7= Line-by-Line E(C & D ARDOBIN AR Y LD
B
(Line-by-Line computation of the atmospheric absorption spectrum

using the decomposed Voigt line shape)

4.3.1 F :

ARDOFERBEBIL, KET ADOBFIy ELBHEEOMBEC B TEARN LT A -2 TH 5,
% < OFBREOTI D, KTHSF0 S B CHIE S TR, Line-by-Line i X 5758
BIBOFEIE, MOHECHAND LB RA, BV FHIRIEN L AR RO REMGE BB L T
5, LU, BFEOFERORERL, JWMCRILEE %, Line-by-Line JROFHIZ X v ERB D
DLiEhoOBs, 1960FEROBEEND, HTORIUED AT 2 — X DF — & ~— AVFRL L FH
DIchH L DEIINIEINTE R (McClatchey et al., 1973 ; Rothman, 1981 ; Roihman et al.,
1981, 1983a, 1983b, 1987) , THIC X DRIRD T 2 — 2 BFEVR TV CEBE I TE
#z, ZOHH, Line-by-Line HIC X 5 HABHICTE HRIAE D 2 Uiz, BBELRIGED
A7 b L DR ICARIC KT B BRI, RE D B CRABCE M REO S HBOMEL L bic
BWICHZOOH B, S 51T, Line-by-Line $iid, AKWEER L HICBIFE Lic 4B BC,
RREOIGHRE 2 DD, ChALDOHFCL, VE—tevy vy, HESSY, AKOER
DOYIE, RRIZCTOSKHAEBOMNT, THEEFNVCET HHHAAF— 2 DR ERD S,
Line-by-Line =5 /Wi%, BRICE < OPFRFC X » TEFEI T\ % (Drayson, 1966 ; Kunde
and Maguire, 1974 ; Scott, 1974 ; Scott and Chedin, 1981 ; Smith et al., 1978, Clough and
Kneizys, 1979 ; Clough et al., 1981, 1986 ; Sasskind and Searl, 1978 ; Karp, 1978 ; Mankin,
1979 ; Shi, 1981 ; Aoki, 1988 ; Edwards, 1988), Zh5®EF 1 Dicid, AFGL © FASCODE
(Smith et al., 1978 ; Clough et al., 1981, 1986) DR CETWB Db H%, Lorl,
T 2Tl Iblack-box] & LTHEFDEFARMES ZE 2T 570D, TEFLVOLEREVEL
oo ThETOWRDE X, Voigti@WORE R 7 = 7' 7 A DFIRL, BREKIC BT 55 v
7Y v ZBIROEBIRCEE /bR T3, ZCTHTELRTH VT Y v SOK ST
LB HHIES T, ZhF TOLine-by-Line ® AT, %V 7Y v 7R AERIVICHE X
NTWLEEREL T, T, BECDILDFEHOXHEELFEHR LD, Voigt BiK%
Doppler & Lorentz f# O — kGG TR LI D T50DBEENE LTz, 2T, ERcHk
DEBERYTELRETR I OIBBLTET VRIS T,

A DHELWHICEND LRD X 51l D, BIUEIK % BMEOFMBIBIR (sub-function) ~

sk WL (A. Uchiyama)
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SRL, WIS S sub-function ~DZEF 5%, sub—function DIK I U T 24 7x fIfR CFHE 3
%, 43 Utz sub-function 2> HAE H ISR D A <27 P LA EREDE T, SHOBRINHRR
DARZ P AKED, TOEZHE, KEWCIE, BIVREAOE BRI BIEDE 5 &f <
DRMGEDE L% Fl 2 5 ET 5 HER U THB, Clough and Kneizys (1979) &, 2D %
HaREC R IR, D1k, Lorentz §#J¢% sub—function ~43## L7z, FASCODE iZ %5\
Tk, Voigt #J¢% , Doppler & Lorentz #0O—k&s S T Voigt B2 EBRTHZ Lk T
DI EEFA LTz, Bk, Voigt i@k 58T 55 LU Hikw IR Lic, B, MEOKB VT —
EERFELTRVGHEROT — & LELGLEEITS L&, ROHROT -2 8FTHE0F = v
73HZ LR LI, ThiZk - T, WHRHAERITS &£ &, TRISHEXZThTRES:, HFEED
AEAROHIICIL S,

4.3.2f5CE, BADHHBEC X HRINARY P A OFEHE, 4.3.38 T3, =2 THEIhi
Line-by-Line &% , BIXA <2 tov, BINGEE D54 (k=540 , BAHEH - nBR O ILAEM D
B LAy RS,

4.3.2 Line-by-Line ([C&3HEH*
(1) —iER
W v TORNBRE (v, $TRTCOBRIEOFEL AT L TKRD L S5 1ET 5,

N :
MVF=§mﬂﬁW)MmJ ; ‘ (4.3.D

ZZTC, s (D 3, BET CORIGRREE, f; (v) XiFZFBORIGROBRIETE, o (m)ix, B
B m: OFETH D, RINFRIZE, EHROFE, Doppler IR0 EWC X - ThH B, HIKK
DOTFEFRTE, BRCIBENIVIEZENTHS, Zhid, Lorentz MBI I - TIKFEHZh
Z)o

aL

ai—l—( )J—}Jg)z.

ACvy==1 4.3.2)
T, aytk, Lorentz BOFEE, v ldPLERTH S, RIED wing Tk, BRI
i, HFCE > TGEVWADSD, Lorentzi@HIC X o TTFHIIREBD I D RED o b, N2 o
Teh$5H, TORRIeEE, BBRWLGE, x(v), EBATHI LI THETSZ L85,
FEJIAMEW R Tk, Doppler R L HBRIBDOIAH D 2ER LicHhiXis bicw,
Doppler ##i, RO 52 bh b,

__ 1 _(v=vo)’
fol v = ——— exp ) 4.3.3)
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ap=v, ( ZkB’I; )%
mec

4.3.0

ZZC, kplX Boltzman DEH, T XHEE, mZH5TFOBEE, c3NHETH 5, Lorentz ##] &
Doppler §#F URREEK 72 5 BHEWE, 4T ORB, OBHIC & - Tl 5.

Lorentz #7% & Doppler # % EE L7z Voigt 1T, KREORINDE L DEFITHELTH 5,
Voigt %, RO L5152 bh5, '

— (4.3.5)
foCv) P K(z, v).
T,

e (=9
K(z, y) =< —_—ezﬁp——-z-dt, z, y=0. : (4.3.6)

ZJ-w y+(x—t)

_ vV —Vy
xr = “a (4.3.7

_ e

Y= e (4.3.8)

B K (x, y) 1%, Voigt IR & LTaIb, HRERBBEDOERERWTH 5, Voigt BABIL, BHTHY
WERRATEY, BHEMNCHME LT hiEe b, 2ROFTERELEIR T 5258 (Amm-
strong, 1967 ; Drayson, 1976 ; Pierluissi et al., 1977 ; Hui et al., 1978 ; Humlek, 1979 ; Whiting,
1968 ; Kielkopt, 1973 ; Smith et al., 1978 ; Clough et al., 1981), Zh 5HDHEDH L Db,
y<1, z=1 DMK THENEL 72 + OFR, Drayson (1976) DHEAHYTH -,

(2) Voigt #¥ D5 1#

Doppler ##® wing £87° Lorentz f#E D wing S R THBD CHLEINNEZ LB DT, 1o
Lx, a,/a’1TH-Th, Voigt D wing TiE Lorentz G CHELLTE 5, Voigt B0
COMEHRFIFE LT, Voigt D wing 8%, ZE®D sub—function ~43 &+ 5, v,.% Voigt &
J5% Lorentz S CHETE BUHE T 5, BRIV HBT B L&, UTOFMHLHETC LT
T5. '

(i) - sub—function g(v — v )ik, BEKE T35,

(i) WRINEE DT sub-function D—E# DEIZZE & *3’"’75 o

(£5).- =0 489

(i) P v, TOD sub-function D—fEHD DfEIL, Lorentz B O—EMH OEICE LW EF
%,
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(Se), .. = (22, = (92),_... 4.3.10)
) ¥ v, TD sub—function DfELL, Voigt %&%@1’[@:@; L35,
g(va) =fv (va). (4.3.1D)
BUDD_ODEMEHICTHEEE LTRDOIDEMES & LILT 5,
g.(v) =a.(v—v )+ b, (4.3.12) .

ffa, & b3, =FBH, NEBOLENDRETHIENTED, ThHDHEMIL, sub-
function DA RZ Y LR ERTELERDARIZ VA EBONCTHIDDLDTHS, ZO
LT, Fig. 4.3.1 @R LIcRRIC Voigt $%1%, =2 @ sub-function ~pETE 5,

Ve Fv)=1{,(-9,v)

—
F(V:O):Z'gn(vn)

Fig. 4.3.1 Schematic representation of a line shape decomposition.

fo(v—vo)—g.(v—vq) for| v—vol < | va—vel,

F.Cv)= (4.3.13)
0 for| v—uvol| > | va—vol.
g.(v—vog) for| v—wo| < | va—vol,

Frv1(Cv )= 4.3.14)
foCv—vg) for| v—vol| > va—vol.

sub—function F, (v) & Foy (v) 1%, ROBELEEHEEF-> T35,
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(df;i”))uz,n ~0. (4.3.15)
Fasi(v=vy) ~2e(v=1v,). (4.3.16)

EOWEE, =SHFEOEKUHENPLWNLTHD, BEDHER, |v—vil>a, DL &, fu(v)=
W) =ay/z - 1/(v-v P THBHI LI ORED, BEOHWEIR, F.u(v) DEERELR
Clv—v, | THBZEXZERLTWS, #- T, sub-function I3 5 WILEAE D I H ik
BBV v IHERE, DB EE | v,— v | DEFREFZ 5,

EDOFEEHEVET L X 5T, Voigt 8L, BIEH OB X G U THMD sub-
function ~p I N5,

Z @ Line-by-Line & F AW Tk, v, KO L.

n—1 , — — —
4 dap for ar>ap
Va— Vo | =

—l o (n=1,2,+) 4.3.17)
4 -Sap for ar= ayL

TR, VL EE AT TEICEERY 4512 L sub-function® ¥ — 7 {EiZ, 165D 1 EAE T

Eins,

(3) v vy v IR

H v 7Y v IHERORERIL, BE Scott (1974), Clough and Kneizys (1979) & X » THNXD
hTuwb, Scottid, HEIEDMHK o THMEBEBORAMED & ZH 2RI, FEI L%
ALTWw5A, i, Cloughand Kneizysit a/ 4 THNIELTCORFHRYREETE S LERST T
b, CNLORRICHE ST, 22T, FEBO4HD 1, a/4, BRDBLLETE, Fxbh
RE, EhobLTak LT,

ap - for aL>ap

a= ' (4.3.18)

ap for ap=>ar

LB, ToT ALk aplE, EXTWHERXEIOFHD Lorentz #§ & Doppler I TH %,

1) HaxDArRZ M ALOERDHE

BHOBILA<7 i, BRI OERADRIC L - TED, BEORRARS b
NEBLEE, BEORNARTZ b AE, FROHVWARZ PAVERETALZ LI VES, £
DEE, b LERORG A L A OERRE EHESh TR 5, HOEED 2~ 27
FADZ Yy FREECAE LY, SOFMELC L > TR R TONFEIERE R, REDO A~
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sum__ f\ | /ﬁA ﬁ\

/.o.\ P ..\./..‘ ~e-
—/./\ .\.\__./. ! / \

linterpolqte
7 OOV gy OO XK gk

sum =
L4 °

= | _ =@ OO~

-0 ——o_ e
— =X oy X=X O
1 ] L 2 ~x.)(‘ x L/ 1 I N 1 1
lnot—interpolate linterpolate
[ = O lo} x/ o) @ O O e Qe @

1 | 1

Fig. 4.3.2 Schematic representation of the procedure to obtain the final absorption spectrum.
Superposition and interpolation from the course resolution absorption spectrum to a
finer resolution are repeated. Closed circles represent the absorption coefficients
originally calculated. Open circles represent interpolated absorption coefficients. Crosses

represent noninterpolated grid points.

7 P, BINGEROE X CeBMY R TEOR L S &EICie s, EHKE, Tl X - TEr
BERODRABYHNTAZENTES, COFIREEAMICFig. 4.3.212/R Lic, BIRO HL
T, o7y v 2HEREERS, BRIGRO wing AT, 7l Tw5,

(5) AHEXR

WEHF AT, TEELRTIBERBEAERS &L > GET 5, BRIRASZ bvid, %
hEhOBELBER UCHET S, BERHRE, —RCTERXRTREL, LBORIERDH
OHE TRV, RSB RRBCT T2 H8BRE BT 5 L &2, b > THEDEDZ Y » F
HA R T 5 LI X - THRBAOER IR RO TH »Tc, @D 7Y » PRI, HED S
Uy FAFIOMRE HE Lichi s, BUKEAEDO Lkl £BO Y » FATORIGRE
DR, WBERBCTHRINGAREPET L2 & X > CGHEL

4.3.3 BRBIOHER
(1) BOARZ + v

280~380 cn ! DEFERICOWT, P=1013.25mb, T=260 K D KA DBINA 27 + 1% Fig.
4331R Lz, Bz, 350~360 cm™ OFEBICOWT, kL, 2L TELRE 4 D sub-
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Fig. 4.3.3 The H,O absorption coefficient spectrum from 280
to 380 cm™ at P=1013.25mb and T=260K.
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Fig. 43.4 The H,O absorption coefficint spectra from 350 to
360 cm™ at P=1013.25mb and T=260K. The thick

solid line is the final absorptioh coefficient spec-
trum. The thin solid lines are the decomposed
absorption coefficient spectra. The final absorption
- spectrum is obtained‘ by superposition and interpola-

tion of the decomposed absorption spectra.
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(2) BINGRE DA (k—5370) ,

bﬁﬁ&,&W%ﬁ@%ﬁ%$5ﬁ®%%Fg4&5&Fg4&6m%h%h%LtoEg
4.35 ® g(log WX, 52 Sl BB ERREst L log £ & log k+d(log k) DRIIC b B HER %R L
Tw%, Fig 436 CRShic, BREHEIMIT, KORIC L > THEL bRb,

1 FRGM 280.0 TO 380.0
10 ]| q

P=10.0 P=1013.25

Cod ol 1nE

PROBABILITY DIST.

9 (lfog k)

ABSGRPTIGON COBEF. (cn’/mole)

Fig. 4.3.5 The k-distribution for H,O from 280 to 380 cm™ at T=260K é;nd P=1013.25, 10 and
0.1 mb.

FROM 280.0 710 380.0
1.0 v

CUMULATIVE PROB.

G(log k)

0251 (:—]251 0241 0231 6221 [-)211 0201 [jlgl 0181 017.1 (jlsl 015
ABSORPTION COEF. (cn’/mole)

0.0
1

Fig. 4.3.6 The cumulative probability distributions for H,O from 280 to 380 cm™ at 7=260 K and
P=1013.25, 100, 10, 1 and 0.1 mb.
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logkmax

G(k)= Slgk g(log k') d(log k™)

0,

logk

=1- g g(log k" )d(log k")
logkmia

(3) HRETINER - BHK ’ }

Fig. 4.3.71%, 280~380cm™' TOHEEE (McClatchey et al, 1971) DL 5 KESD
A INEL - BHETH S, T Line-by-Line tEiC X A BEHERETH S, —H, AN, Ok,
BA k-4 #ik (Hansen et al., 1983) @ X 55tEHITH D, ZDOFD X 5 iz, Line-by-Line 1 X
HRERE RPN TR BECH 2 5,

WN= 280.0 -- 380.0 E WN= 280.0 --

:II lll llllllllllllle :1 LU ' T LI E
~F 40. 3 ~F E
£ E & 3
X E x

3 30. E - 3
e E w r 3
a 3 Qa r 7
ok 3 E 2k ]
~F & 20. 3 T E 3
— F 2 3 — F ]
I B 3 .
< E < E

3 10. 3 - 3

E|||||||111|||vn|1111|1||1|y|5 EIII!IIIIJIIIII!JAI:

-1.0 0.0 1.0 -0.2 -0.1 0.0 0.1 0.2
HEATING RATE (K/DAY) ERROR (K/DAY)

Fig. 4.3.7 The H.O heating/cooling rate without continuum from 280 to 380 cm™ for mid-latitude
summer conditions. The solid line is the heating rate calculated by using the Line-by-
Line method. Open circles are the heating rates calculated by using the correlated k-

distribution method (15 terms).

(0 FrEREH

W OPDOFHKIER LT, BRNARZ P AEFHET 5 DI LB s CPU time % Table 43.112
Uiz (8%, mili-second/line/cm™), $FEI%, T=260K, P=1013.25, 100, 10, 1mb T
o tc, BB, HITAC M-280D ECff o7, & OFEBOMEA Y — Fi, 13~14AMIPS T
%, 20 CPU time 1%, A F LMD THVEF > O THIWA, FlEK, k-9, BENE
 BHEDF IS EE I TH B, Voigt & ET 5 dic, B iEEY bk
Do tedy, BIEH O ES TR3THhE CPU time # FICEL TE 5,
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Table 4.3.1 The CPU time required to calculate the absorption spectra for various gases.
1013.25mb 100mb 10mb 1mb
H,0(280 ~ 380cm™1) 0.053 0.076 0.22 0.21
C02(630 ~ 690cm™1) 0.063 0.088 0.15 0.15
03(1020 ~ 1080cm™1) 0.047 0.064 0.10 0.10

Unit : mili—second/line/(cm™?)

4.3.4 F&& ,

L\~ Line-by-Line ® 8w BAR Lz, ZOHEIB\TIE, Voigt % EEHME D sub-
function ~5f#4%, £ sub—function %, %h%hﬁﬁﬁlﬂﬂﬁbﬁff%%ﬁ? %, sub-
function DFERF L LCL, 2ROBEEEFHES. Z OBEBDEAK X » T sub-function D
B DR LEY , BHCHETE S, Thif, BEEROY v 7Y v 7 HRE2 SRBRICHRD % 2
Biel 8%, REKMHLRBIRARZ AL, ThZhORIRARZ P reBELREb®LZEKR
IotHEbhs, 0L &, v Y VIHEROT — 2 2TWNT, L, BRINRBEAFTH
hiE, BVCREROFT—2D0ARZ PARIDSY » FENHELRV, ZThitX - T, Bk
AR ET, TREROERIC LD, '

¥t L\ Line-by-Line th %, WIRA <7 + VOFHE, k-DMOFTE, HKEHmE - HHEOHE
EDWL O ORECHER Lic, TORER, HRKSBHO ST T2 5 2 &R hie,

E £ X &
Aoki, T., 1988 : Development of a Line-by-Line model for the infrared radiative transfer in the
earth’s atmosphere. Pap. Met. Geophys., 39, 53—58.
Armstrong, B. H., 1967 : Spectrum line profiles : The Voigt function. J. Quant. Spectrosc. Radiat.
Transfer, 7, 61-88.
Clough, S. A. and F. X. Kneizys, 1979 : Convolution algorithm for the Lorentz function. Appl.
Opt., 18, 2329-2333. ‘
Clough, S. A, F. X. Kneizys, L. S. Rothman and W. O. Gallery, 1981 . Atmospheric spectral
transmission and radiance: FASCODI1B. SPIE proceedings, 277, Atmospheric Transmission,
152-166.

Clough, S. A., F. X. Kneizys, E. P. Shettle and G. P. Anderson, 1986 : Atmospheric radiance and
transmittance : FASCOD2. Proceedings of Sixth Conference on Atmospheric Radiation,
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Williamsburg, VA (American Meteorological Society), 287-304.

Drayson, S. R., 1966 : Atmospheric transmission in the CO. bands between 12pand 18 . Appl.
Opt., 5, 385-391.

Drayson, S. R., 1976 : Rapid computation of the Voigt profile.A J. Quant. Spectrosc. Radiat.
Transfer, 16, 411-614. '

Edwards, D. P., 1988 : Atmospheric transmittance and radiance calculations using Line-by-Line
computer models. SPIE proceedings, 298, Modelling of the Atmosphere, 1-23.
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4.4 REARBERETFTILOI=HDOKRAMH R F—L*

(An infrared radiative scheme for general circulation models)

4.4.1 @FL®IC
FABHIKZAEROAZEE IO 1 2THh, FOHBIZEFAVKRRECKE LFEL L
% 5% (e.g., Ramanathan, 1983) OC, EEDORWA¥ — A% ANLLHERD S, L L, Kt
BHOHEIMOYEERCH~FTEREA L VO T, BREEDOAF — MIGFHEREORAZD
T KZABRE T VCEBAIR T ioh >, KRAEERET v (GCM) HDFHRAMBS A F —
23FE 4B D (e.g., Stephens, 1984), [KHHRA * — &, WEIWA ¥ — 252D B, HIHZIIIEHIK
OFRBAE, WINE, HHELHRLBEBTELUT S S DT, HERED D o0 THER A
7 T, $E 13 Goody ® Malkmus ® 5 v 55“1». RV FPEFAEFE - b (Morcrette and
Fouquart, 1985), k-2fiitk (Hansen et al., 1983 ; Chou, 1984) %\ 7c D T HbDTH %,
Fy 75 -8R & 5 BRIFRDIED 0 232 EH s ERRERER O LB T D AF — AT
ERLHETZDORE L k-DMEQRDER Y% LUK TED), Line-by-Linetk TF @5t
BHLTHEWHBEK OF %L V- 551k (Schwarzkopf and Fels, 1985) #3E&CH % 25, (L
REOI5pm LA TREBR T,

LE, ABIAFAT A -5 VX AEFA (Aoki, 1980) XHWAHZ LIZX-T, BBE
(RFTEEERE LA %2 575km (~0.05hPa) LI FOREIK) TH v s b, KRAEREF AT
% 513 & RO RN BEETE % BI% Lz (Shibata and Aoki, 1989), ¥72, £F LDk T
RIS R T ABICAE LR TV, RABEAF -2 CBRTS2-7"0 » F/ A AOBMHELH
Z L7z (Shibata, 1990), AR ZhHEBHEECHEITHLDTH 5,

4.4.2 RILFINNFGA—RFELETFTIL
HOLREEMP IR TS EAE, THEHEHEYF v 7 AXKRTELDRS,

F1(P)=nB(T(P))+[ nB(Tg)—xB(Ts) 1t (P, Ps)

T .
—STdT'z'(P, P )(d/dT" )= B(T'(P)) (4.4.1)

Fl(P)ZEB(T(P))+nB(T(O));(O,P)

T
—gﬂoﬂrf(P,Pﬁ(d/ﬂr)ﬂB(T(Pﬁ) (4.4.2)

% 2H¥EZ (K. Shibata), FAMAE (T. Aoki)
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BL, #BMIIBPEEERL—k TESINCRET COF7v 2775 v 7 A, TONXAK LW
WE, Tg, Ts 3IHER TOMMRE & AKKDORE, <P, P)HE z (P, PHRRERP & P D
@ “Planck-weighted” 5@E% cEHRIT, v

ke
T (P, P')=g dkzi(P, P') Bk(T)/S Bk(T) ' (4.4.3)

~ kz
7 (P, P')—g det (P, P )Bk(T)/E dk B:.(T), 4.4.9

ThhH, EEERESFMEBCATSE (4.4.3), (4.4.4) OFEBBIFIE Yamamoto (1952)
DHEHRDEh E—FKT 5,

WEHERRE L DT D0 E LFHERBC K E L Bb > T 58, ZZTRBRINOEL Y
%% L C20-550, 550-800, 800-1200, 1200-2200 cm™ @ 4> L=, Z#HiX Roach and
Slingo (1979) &M CEESETH B, BV FIZARKOEESE 6.3 ptm, —B{LEED
10, 15 ¢m, *# Vv D 9.6, 14 pm TH b, KEKOBFERIZ LR AhT,

Line-by-Line ¥ (Aoki, 1988) T 1lcm™ SEHOBKEOEBRYFHEL, Chi b hrEEDK
FE, BE, RIIWEEBCER L TEL, ohnd (4.4.3), (4.4.4) R CTERINBIAHEHE
BB T T B, DRMERBE R E B 5 DI Aoki (1980) DBIRE LI~ A5
A—xT VA AEFAL (MPR) WCAKADMERIE & 41 & 5 BT Lo 7, MPR DB
BB,

~IntP, E, T, W;c,..., Ciz)
= [(c\' Pe)*+c, exp(c:X+c:XD ]2 — ¢, Pe + ¢’ WPe + ¢y’ WE (4.4.5a3)
c’ = expledt),
¢’ = ¢, expleittcest?),

¢ = eXp(Cmt), t (4.4.5b)
¢’ =cn expler (1/T—1/298)1,

Pe=P"**, X=1In (WPe), t=n (T/Ty),

AL, WRBIWERE, T,=270K, Ebi?kiﬁé—:«ﬂiféé KIEK O EFR I Line-by-Line #&
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(LBL) CBEKRGEIMECTH 5 Clough et al. (1980) 2> HEFHE L7z, MPRTIZ Roberts
et al. (1976) DIPEIBWLBERTFHR (c’ BB Eff-1.,

MPR O Rz ¥ RBIFNC MPR OBRBIBAHE AT 5 X 5 Wi/ 2 RETHRD L, BEY
LT B REY 4 oD% (0.05-6.91, 6.91-58.89, 58.89-407.60, 407.60-1013.25hPa) &
B, FRICH TT 450 MPR OO % I Lt (Shibata and Aoki, 1989), = DHEEIC
X 5> TMPR OFERBEROREEIZR D, FixiX, 0.05-6.91 hPa DHIF T MI{LRE D15
pmAE, AV VD9.6 pm 0L x ke AHEFRBIK OBEITE h£Hh0.9979-0.8854, 0.9997-0.954
3TH b, MPR OEZIZFHFh0.0030, 0.0007TLARTH - 7.

4.4.3 THEXGOSEEE

BRI OWTIFR Lz X 512 MPRIZ X » THRENEFICE W FBBIH K E B 2, B
RORPARKKE DWW TR T h 2 FEfi /e BB ARCER LT LEBEREZHE L ik b
Vs, 255 4 — % 5y & A% 5L Tik Curtis-Godson FELM & < Hbh 5%, *+ 2 v L
BETIIBENRL L\, T2 TikGodson (1953) OHEH M- T 5, LT, COHExHN
T5,

BWE2BNLRBTRHEREIYEL D, ThEhDBOKES, RE, RINWEER P, T, W,
i=1, 2235 (M4HE, KERDOEGLRIUIE X2\, £ 1BOFERRIL,

t=1 (P, T, Wy, ] (4.4.6)

ZZTTIR (4.4.3) 3Lk (4.4.4) ATRHAIWHSBHEARKOBHEBEABTH 5. Godson
(1953) X 1BL2BE2FEAHEEERLRD L ST BT, -

T2 =T (sz‘ Ty, WE+Wo), 4.4.7
HL, W 3EMEBEIWEET,
(P, Ty, W) = v (P, Ty, WH), : (4.4.8)

TEH#EXIN B, MPR OFEBENIZ (4.4.5) RECRIND X5 BELBEETCELVWOT
(4.4.8) RIIBHOTRG T, FHEREOE» 2BV E LHENILETHS, $2T, RD LS
IR L FER VWi, BRBEEEY 1 vElE v 4 vI7BesrC,

t=t'P, T, W) v (P, T, W), ' (4.4.9

¢ = exp{{(c/’ Pe)’+c; exp(csX+csXD)1?—c,' Pe}, ‘ (4.4.10)
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7% = exp(ce’ WPe), (4.4.11)
ZMRINHEEL ThEth Wi, WY EHET5,

T8 (P, T, W) =12 (P, Ty, WE¥), E ) 4.4.12

en Py Ty W) =t (Py Ty W), (4.4.13)
(4.4.12), (4.4.13) RIZFRNFRBHNCIRT 5,

#* =exp{—{e;—[ci+4cs In[(Un (v %) +c'Pe)? — (ci' Pel/c.' 11/ 2 ¢s}/Pe,

(4.4.10
Ws* = —In(z¥) /co Pe. ~ (4.4.15)
FIRBLE2BOWHBLEAIERRIITA VIREY 4 v I OB TE LR S,

T2 =7 5(Py, Toy Wi*+Wo) 78 (Py, To, WEr+Wo). (4.4.16)

Y4 v IRONENEIRIRINYEECH L TRIETHHOT, 1,09 4 v I7PIIERBRERG
5,

T8 (P, To Wit +Wy) = expl—cs’ (1) W, Pe(l)—cy' (2) W, Pe (2)]

=" (Ph»Th Wl) T (Pz, T,, Wz) (4417)
KEZDEHBRINE ANDE, ¥4 VIROZIELD,

Ty (P By, To, We*+W))

= eXP[_Cs' (1) WiPe(1)—cy' (2) Wy Pe(2) —cy’ (1) Wi Ei—ciy' (2) WL E,]

= (P, By Ty W) T* (Py E 5 To W) ' ' (4.4.18)

Godson (1953) DHEFEBE LICBEIMETE L WA THER E F L AKOBHR DM
75y 7 ADHEREBCIREER L Ut s 1oy, STEREXIECER I,
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4.4.4 FRERONEHES

MPR A - 7c it 7 5 » 7 A3 (4.4.1), (4.4.2) RCHETHR, ZhboRhOPRERS
ERBEBOEC KX ST B & 2GR LY, & Z T, LBL (Aoki, 1988) it - T
HZBHNTOBEH Y FE LTHES Lic, LBL TRHEEOBHAOREGER, 2% v, HEEKS
exp (—cW) WHATS (TR, RHVTwb, MPRTIZ2-1%F 2 -2 DTV ELEF N
DEREIUROBIRR, B, FHBREIHA exp(—cd W ORIHIT S (cix2B), 2AV5B. £5F
5L, MEETIENINCKRDOL>TKRES,

M i+l -1

AT @/ dT") BT') = 2\ 4T c(d/dT) BT)
j=kdJ

_ Vappy It Do (e D
j=k In"7;1—In"7;
T T DENEELTL %E (4.4.19) RIKERHEBREZXAELBHDT, v,./7,>0.990
EXXEBEMAREHE - o, FRINEOBIRK, A, FBEBEE exp(—cW) TS (cidE
3, TAVCKEBALARLS, BEIRL b THRMAL TIICEL KT,

RSO X 5 EREVETHAT (4.4.19) RE>5L2-70y F ) AXBETLBE
Lhb5, ORI, BERTAVSLVTHE B Sh2OCEM75 » 7 Ak —7 v
XAV THEIND D TH D, MHETED 77 v 7BBE 7V VL ORENLWFE I hic~—
T URADBETIHHINEDT, 7ZVVvNVDREI2-7V » F /A XB B EEEL VS
BELRAC =7 VL DRERRDDT, BEOCFECBHY 7 v 7 A% 525, Thzil
AV DORED S5 vy B O Al TR kv, Fig. 4410 X 5 IchiERFE DY
L, N—T VL jH1/207 F5 v 7 ABKOFETE 2 Hh b (Shibata, 1990),

4.4.19

Ft(i+1/2)=2B(j+1,/2)[xB(Tg)— nB(Ts) 1t (LT+1,/2)

LT
- {[ ®B(i—1/2)— n B(i+1,/2) )+ 2B 2 Pl L/2)
=71 |

'X[n3<i—1/2)~n3<i> nBu)—nB(zH/zwlﬂ/r(iH 2/ t(i—1/2)
InP(i—1,2)—InP(i) InP(i)—InP(i+1,/72) 11+ V7 (Gi+172) /c(i—1/2)

[lnz'(z—l/Z) 1]1(:—1/2) [1n‘c(1+1/2) 1]‘5(1+1/2)
[ 1(1—1/2)—ln (i+1,72) ]

(4.4.20)

FlGi+1/2)=1B(j+1,/2)—zB(1,/2) 7 (1,/2)
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j . N . . N .
+Z{[ ®B(i=1/2)— 7 B(i+1/2) ]+ UZ1/2_InPCit1/2)
=1

[nB(i—'1/2)~7rB(i)_nB(i)—nB(i-l—l/Z)]1_—«/r(i—1 2)/ 7 (i+1./2)
InP(i—1,2)—WP(i) IWP()—IWP(i+1,72) 11+ z(i—=1.72),/ 7 (i+172)

[lnT(z—l/Z)—ljf(l—l/Z) [lnf(l+1/2)—1:|7(1+1/2) (4.4.21)
[In’7 (i—1,/2)—In"7 (i+1,/2) ]

Fig. 442 (), 0L 2-27V » F /7 A XDOFlERTHDOTH S, Fig. 442 )ik (4.4.20)
(4.4.21) KAV TRDICHEDIRFHRE C©, Fig 442003 (4.4.19) ROEHZE > TR

btﬁ%ﬁﬁ?@ﬁ&#%Fg44N@®ﬁ§%§Lﬁbt%®(299;%/41)155
Full-  Half-

Level Level

1/2
1
11/2
2
2 1/2
1-1/2 Ft, F¢
{ ————— ith layer — T, (3/3t)T, W
1+1/2
LT-1/2
LT ’
LT+1/2

///// Surface /////

Fig. 4.4.1 Vertical arrangement of variables. Dotted and solid lines represent half- and full-levels,
respectively. Downward and upward radiative fluxes, F T and F| are calculated at
half—levels,"while temperature T, temperature tendency (9/dt) T, and absorber

amount W are calculated at full-levels.
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RAD-CANY EQUILIBRIUM RAD-CBNY EQUILIBRIUM

L I e o e e e o T T 0.1 T T
. N N ]
0.5 | 3 0.5 | 3
£ 3 E 3
1 = 3 1 =4 b=
= C ] @ N ]
s 4 s t 3
Cw E = ¥ o = 3
€. 10 F = = =

:
0 L _ 4 L R
o o
. 0. — - (-9 - ¥
so [ . so | .
100 F E 100 F E
i ] N i
500 | ] 500 | E
111 T L1 1 = 1000 E—1 1 =
1009 (5760 180 200 220 240 280 280 300 320 340 - — : 15
TEMPERATURE (K) : TEMP. DIFF. (K)
(a) (b)

Fig. 44.2 (a) Tempeérature profiles in the radiative- convective equilibrium. Circles, triangles,
pluses, crosses, and rhombi represent the temperatures in 81°N, 63°N, 45°N, 27°N, and
9° N, respectively. (b) Temperature differences between the two schemes with and

without the “correction term”. The meanings of symbols are the same as in (a).

4.4.5 Line-by-Line £t 8 & O L%

EF VKL McClatchey et al., 1972) % PY*-C0.05hPa 2: 5156 ¥ CA0BIC %] L TS
L& SEDHHE (MPR) & Line-by-Line #% (LBL) (Aoki, 1988) & CilB L7z, US ¥k
%, KAFEEHKE, BHAKROKKESHEWMO (1986) DRMAK T 1205 & » T, —RE
KT DR 2330 ppmv & 5 72, Fig. 4.4.3()~(NBHFRZD 4 DOBEHIK & LROBHK LR
3, Fig. 444 (a)~(e)iX US BEXRILE DWW TORTH S, RFTBFHEAR D250 km (~
1hPa) X » FTit MPR OHERARIZWTHDEFALKKI $300 hPa i FDERE (BEik
Line-by-Line tk & D), 9 hPalC ADEERA LB, Hid/hE < ThEh0.2K/day, 0.3K/
day AT TH %, 50km X v _ETIRRITETFEIIFHNIED 548, T5km (~0.05hPa) % TilE Ll
HIZ iz 5D C (Wehrbein and Leovy, 1982), LBL ®FEIZZ 2 TRIEFELWE Risd, ZOH
B®C1X MPR OFGERKE (o83, HATH0.8K/day TH Y, FFHHENRV. KKO L
W, FHMTD7 552 xf&é & Table 4410 X 5icis b, MPR O 1 W/m* CHIRREELL
0.5%UFTH%,
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4.4.6 L&

BB DRRE TH X 5 ERE - BEROFIABHEFTEAF - 22X L, RO A
% 20-550, 550-800, 800-1200, 1200-2200 cm™ ® 4 D41}, KREKOESHERIN, Elixs: &
6.3 xm, “RRILKFEDI0, 15pm, &V VD96, ldpmEFThEFhAhl, BWEARDOBEBEY
TNFRGRA—RFVEAETFATERL, THE XK AT Godson D FEXBIELTHEAL
oo BRETFTNVRROBSGHEK, 75 » 7 A% Line-by-Line it E L L5 &, BHIRDHE
IR 0.2 K/day LUF, BB T0.3K/day AT, 75 » 7 ADEXEZ 1 W/ m? THh o1,

~ TROPICAL ’ TROPICAL
0.1 T T 0. T T T T T
!
L. - - R
C . - e ']
o8 = 0s : Vo
E = = [
e F 3 e F [
1
- - - | A
-~ _ | - ~ 1 -
T 5o | E £ s ; : 3
Ao B E Y oo E < 1 3
> 2 1
v v
n . - " (. H -
w w
o« o ]
o = - a - -
- ~ - S
50.0 - s0.0 b h -
- 3 - ! g
100.0 E { 3 1000 < =
B ] . 3 .
C ] C 3 0]
500.0 - 1 00.0 |~ ‘} [l
E | L - 3 E . | . i3
1000075 9.0 -7.0 3.0 NN 1000-97% -2.0 -1.0 -5.0 -3.0 -1.0 0. 1.0
’ HEATING RATE (K/DAY) R HEATING RATE (K/DAT)
L 1 L - 1 J L 1 1 ! J
-t.0 0.8 0.0 0.5 .o 10 oS 0.0 0.8 1.0
ERROR (K/DAY) ERROR (K/DAT)
20 -~ 550 (CM-1) o MPR . 550 - 800 (CH-1) o MPR

(a) - LBL (b) © & LBL

Fig. 44.3 (a) Heating rate profile of the LBL method and error profile of the MPR method du‘e to
H,O in the spectral region 20-550cm™ for the tropical atmosphere. Triangles and circles
indicate heating rates and errors, respectively. The scale of error is shown in the lowest
line. The dashed line indicafes the zero heating rate line. (b) As in Figure 4.4.3a except

for 550-800cm™ where H,O, CO; 15 #m, and O; 14 ¢m are included.
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Fig. 4.4.3 (Continued.) (c) As in Figure 4.4.3a except for 800-1200cm™ where H,O, CO, 10 #m,

and O; 9.6 ¢ m are included. (d) As in Figure 4.4.3a except for 1200-2200cm™" where

only H;O is included. (e¢) As in Figure 4.4.3a except for the entire spectral region 20—
2000cm™.
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Fig. 444 (a) As in Figure 4.4.3a except for the U.S. Standard Atmosphere. (b) As in Figure

4.4.3b except for the U.S. Standard Atmosphere. (c) As in Figure 4.4.3c except for the
U.S. Standard Atmosphere. (d) As in Figure 4.4.3d except for the U. S. Standard

Atmosphere.
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Fig. 44.4 (Continued.) (e) As in Figure 4.4.3e except for the U.S. Standard Atmosphere.

Table 4.4.1 Comparison of radiative total fluxes at the top and surface for the major absorption

bands.

Type ‘ F1(top), W/m* = F | (sfe), W/m?

Model
Atmosphere MPR LBL DIF MPR - LBL = DIF
U.S. Standard 263.32 263.32 +0.00 282.60 . 282.47 +0.13
Mid-latitude 283.22 283.11 +0.11 346.02 346.87 —0.85

summer ,

Tropical 291.64 291.44 +0.20 393.78 394.30 —0.52

Absorption due to H,0, CO, (10 and 15 #m), and O, (9.6 and 14 ¢ m) is included.
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(Satellite data processing and utilization)

5.1 NOAABETF—XAEB705 7 LEFRAE"
(TIROS-N, NOAA series satellite data processing)

5.1.1

B E S RHITROPKELSH TUEL RNHEN O LTV B ERO—IK, BT
BEYIEROFPHETETH D A DT BN TES, 2D, WCRP (World Climate
Reserach Program : - RSEFEETED) OhTlL, BOREHR & EEEHOLKER OE & KB
S - MRS OMEIFAORET, EEAREL LLEST SR TV 5, COREDETD
7% , ISCCP (International Satellite Cloud Climatology Project : & EE R B E) ,
GEWEX (Global Energy and Water Cycle Experiment : £8 = % v ¥ — - KGR )
% HRCE 2RI EAEST - HHEIR TS, ChDOWRHECS VT, HEEED
BRI EROWBELT — 22 G TEHH—DFRTH Y, BET -2 OFHIEEREL x-
T3,

SEMRCE > TOE-JHDT 4 — PRy ZEEREFOISRFRAL TR I 4o T
Wiz, TBERCFERID ] BEBSHINZOTFT — &2y 702 &SRO HER L P
TwB—REEL bR, B, BDOAF4—xE LTI, flziE, ISCCP TR EE, EHG
B, BEHEE, (THO) XEHEIRENFALAIROThZR 1 F + XV VOERET — 20 b
HWH XN TW5 (Schiffer and Rossow, 1983), T BIITEETHHH, b2 L, £EE
e o MBI OFHEC AT 5 TH B, BRI IEHEC BERL) REhERT
A — 2 DHMHIPEER TS,

B RIFse [EORKSHERCE T 5ERBAR TS LOWR] TR -Th, HEF — 2 OF
Aaetl Ui, —ouk, BZESERNECH FEI T, BRI OEYEFN: & BURFED
BUCHEFIT BB THB, b5>—oit, HHE7 L, KEABEETF L OREROF — X OfF
&Kﬂ%?éﬁﬁfééoW%@ﬁ%ﬁ%%#%@U%—b-%ﬁv?4vﬁkﬂ?5&ﬁ&m
5 bbb, BEOHREETERIND T — 2 CYBRNWERY 52 52 Lciesh, KT
RECBVCCOHET — 2 OFIL, WIHOFIBEITO CENTERREDT B EBNTERS,
EFALEHBTED X5 e BRMERIEAOF — 2 OERICEEL I » 7z, LasL, NOAAH
BOF— 2007w 5 s i\dh, BHEFATES X o51ish, SHBIKVFAR

%k  PIUBAE (A. Uchiyama), HARBE (T. Aoki)
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MEEns, v A
ZDOETIZ, NOAABERE RO T — 2 OWE, AR THEINIAE T = 75 A DFE, Fi
AR, '

5.1.2 TIROS-N, NOAA > I) —X&E ‘

TIROS-N, NOAA v V) — R#EI1X, kENOAAK L » T, Ib EFbhEAIRTWAH%E
HOSEHETH S, 19784100 1 TIROS-N, 19794 6 A1c NOAA-6 23T+ EiF S TLk,
4 HETCHECBOMEIER I, BIZE NOAA-11, NOAA-12 BRI ShBILE ST 5,
NOAABERRBTREHE L Vv Z — 2 EDENCHIEEZEBE LTV HRAD D, BHE
F— 2R AFTELHETH D Z L LIVEY Ficb e » CH UEEO © v+ — CHAE M L <
B, KEHROT — 2 2FRT2OCHELLHERETH D, i, B, L hVWHEEROB
BHfT-TED, L& OBEROMUOWREESED D, ZhHOHEEND, NOAABEDOF —
FHEREMRETECBCTCHFATESL LI LT HILIERTH B,

TIROS-N, NOAA #EHEH OB OV TDFBNL, Schwalb (1978, 1982) 1 L » T L
AR EhT5, FIFATESF — 2IDOWTiE, Users Guide (Kidwell, 1988) =ik~ 5 3 T s
%, £Z Tk, AVHRR, HIRS, SSU, MSU 2o\ CHBIZ R~ 5,

(1) Advanced Very High Resolution Radiometer (AVHRR)

AVHRR 2, BE®HB5-DDWHTH S, KEHEOBWIE K% Table 5.1.1 R L1,
DOFfE% Table 512 /R LA, AVHRR ¥ — 21X, APT (73 w2 75727 3)) R,
HRPT (High Resolution Picture Transmission, ¥ &5 —~%). & L CFIFTE 5, AVHRR
v, EEFOHEIE T Table 5.L1KR LI X 51 4 ¥k 5 OERIMCHAM L TV 5, TIROS-
N, NOAA-6, -8, -101% 4 v v &, NOAA-T, -9, -11,-1212 55 + VH AL TH 5, BT — 4
TH 5D, ch. 3~ch. 5EFIH LIcBEAROHEE R, ch. 1 &ch 2T X BMESMOIEEL EE
B b fEbh T %,

Table 5.1.1 Spectral characteristics of the TIROS-N/NOAA instruments.

channel no. Band width (4m) - IFOV
TIROS-N NOAA-6,-8,-10 NOAA-7-9,-11 | (milliradians)
1 0.55 ~ 0.90 0.58 ~ 0.68 0.58 ~ 0.68 1.39
2 0.725 ~ 1.10 0.725 ~ 1.10 0.725 ~ 1.10 1.41
3 3.55 ~ 3.93 3.55 ~3.93 . 3.55 ~ 3.93 1.51
4 10.50 ~ 11.50 10.50 ~ 11.50 10.30 ~ 11.30 1.41
5 ch.4 repeated ch.4 1epeated 11.50 ~ 12.50 1.30
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Table 5.1.2 Instrument parameters for AVHRR.

Instrument parameter Value

Calibration Stable blackbody and space background for IR chan-
nels. No inflight visible channel calibration other than
space.

Cross-track scan angle +55.4 ° from nadir

Line rate ) "~ 360 line per minute

Field of view 1.3 milliradians

Ground resolution 1.1 km diameter at nadir

Infrared channel NEAT* <0.12K at 300 K

Visible channel S/N** 3:1 at 0.5% albedo

* : Noise equivalent differential temperature
* : Signal to noise ratio

(2) TIROS Operational Vertical Sounder (TOVS) ‘
TOVS 1%, Z20MHR» D ->Tb, Thbid, KROHRERE, ARG DR ATD
b, TNHLDO=2IF,
(a) High resolution Infrared Radiation Sounder (HIRS/2)
(b)  Stratospheric Sounding Unit '(SSU)
(¢) Microwave Sounding Unit (MSU)

Thhb. o

(a) High resolution Infrared Radiation Sounder (HIRS/2)

Nimbus-6 K%ﬁ?} Hh7-HIRS/ 1 #HRE L2 DT, 190FIMKOWP R L 1 DO AR D Kbt
HET L EBEHOBEHTTH S, CO, D15 pm#F, CO, D43 pm#H, HO D6.3pmHFDOKRR
B DHE R IR LT B, Ch b ORI D, BTREN, ARASHLUET S
B OMETH S, AEME, £49.5 (£1120km) T, 154 V5625 » 7 THEM L TH H il
BROKELS A B A —LTwB, Table 5.1.31 SSU, MSU & L bt g D4 % R L7z, Table .
514 g REkEE R LI,

(b) Stratospheric Sounding Unit (SSU)

SSU i3, #ETHREShAWETCO, LM WhBERINCBRIRS D HEE L - T b,
weighting function @ &'~ 21%, & HD CO DEMIC L > T E . SSUDF v /5 1 Otk
# Table 5.1.51C7R Lc, WHOFMA Table 513 1R LI,

() chrowave Sounding Unit (MSU)

MSU, ZBEDO <A 7 v BEBRAFTD 2, 55GH@@M$@&M§%:@&H% EITOH

HEESHOH#ECHFERIN S, Table 5.1.3, Table 5.1.6 K%Hﬁ%j‘ L7z,
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Table 5.1.3 Instrument parameters for TOVS Sensors.

ITOVS Instrument parameter HIRS/?2 SSU MSU
Stable 2 blackbodies, | Stable blackbody, Hot reference body,
Calibration space background space space background,
scan cycle
Cro:ss—tmck scan angle from 1495 ° 4400 ° +47.35 °
nadir
Scan time 6.4 sec 32.0 sec 25.6 sec
Number of steps 56 8 11
Angular FOV 1.25 ° 10.0 ° 75°
Step angle 1.8° 10° 9.47°
Step time 0.1 sec 4.0 sec 1.84 sec
Ground IFOV at nadir 17.4 km 147.3 km 109.3 km
(diameter)
Ground IFOV at end of scan
(cross-track) 58.5 km 244 km 323.1 km
(along-track) 29.9 km 186.1 km 178.8 km
Swatch width + 1120 km + 737 km + 1174 km
Data rate (bits per second) 2880 480 320
Step and dwell time 0.1 sec 4.0 sec 0.1 sec
Table 5.1.4 HIRS/2 spectral characteristics.

HIRS Channel Half © Maximun Specified
channel central central power scene NEAN
number wavenumber wavelength bandwidth temperature

(em™) (um) (em™) (K) (mW/(sr m>cm™1))
1 669 14.95 3 280 3.00
2 680 14.71 10 265 0.67
3 690 1449 12 240 0.50
4 703 14.22 16 250 0.31
5 716 13.97 16 265 0.21
6 733 13.64 16 280 0.24
7 749 13.35 16 290 0.20
8 900 11.11 35 330 0.10
9 1030 9.71 25 270 0.15 -
10 1225 8.16 60 290 0.16
10a 797 12.55 16 290 0.20
11 1365 7.33 40 275 0.20
12 1488 6.72 80 260 0.19
13 2190 457 23 300 0.006
14 2210 4.52 23 290 0.003
15 2240 4.46 23 280 0.004
16 2270 4.40 23 260 0.002
17 2360 4.24 23 . 280 0.002
17a 2240 4.13 28 330 0.002
18 2240 4.00 35 340 0.002
19 2660 3.76 100 340 0.001
20 14500 0.69 1000 100% A 0.10% A

" Channel 10a and 17a are used on NOAA-11.
Channel 10 and 17 are used on TIROS-N, NOAA-6 ~ -10.
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Table 5.1.5 SSU channel characteristics.

“channel Central Cell Pressure of NEAN
number wavenumber pressure weighting function (mW/(st m? cm™?))
(cm™1) (mb) peak (mb)
1 668 100 15 0.35
668 35 5 0.70
3 668 10 1.5 1.75

Table 5.1.6  MSU channel characteristics.

Instrument parameter Value
channel frequencies 50.3, 53.74, 54.96, 57.95 GHz
channel band width 200 MH:z

NEAT 0.3 K

5.1.3 F—20OHH - ®IE
HRPT 5 — & 5 HEL T — 2 O - IF@>\Ti3, Lauritson et al. (1979), Plenet
(1988), g - FAAMBD B IN TS, 22T, BHECHRNS,

(1) F=2DAF

A AEPICH4 HRPT B2 T & 5 32, KEFELER e 2 — 2 X LDBATib 5.
EEANCZE LTV AL, KREHE Y % —, BItARARBHFEAHBEAT R 42—, K
AR S0 S B, ThEn, BELTWAHHRPTF -2 D7 + -~y PIEWL
BhHh, FRCELTIEESLETH S, APRTIE, KEMEL Y& —, FLkSE, E#
HF R DRAET — 2 AN LTAET 5 7 m 75 A %% Ll (BRI TOVS S —
2DOR), HEIEAEEHHRTOT — 213, BILKEDT7 +— < » PNEBRAETD D,
HRPT DAY SFAF—2iZI0E » /17— FThHBH, EORFETF -2 bZERMBET, 16
Ey b/17—F (24 1+/17—F) REBRLTHS,

Fo2DAFIR, KEHEELVE—FE, FIRKENDAFTLONEL THD, KL,
SEERevE—13, TEBOBERED S b—O LaRE LTk, —J, BILRFETIX, FCH
A LR EETAREOZEZE LT EDTETOT —203H oI TR, ¥k, F—
2 DOBRMEIET VT 4 7 TR TEVEBEDOT — 2 ORBRLTA LY, £OMDF~2DA
FHEE LTix, NOAA Satellie Data Service Division 2» bE#AF NEZLDNRDL, EBRIKD
F o g zonTil, ENEHFATI Y B L TCAFTE S AVHRR QEBREBR LT — % &8
%. HIRS, SSU, MSU 05— &%, 9V 37— 2 %FATE %,
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(2) F— 2zl

HRPT OF — 1%, bE 2108y }/17— FTHBHH, BERMTIEE y 1/17—F (2
AL F/17—F) CEHBRIN TS, 1 HRPT minor framett, AVHRR®D 1 5 4 v 5%
5, D5, 5207 — FIZ TIP 5 — 233 A - TWw5b, TIP ¥ — %1%, HRPT major frame(mi-
nor frame 3-2) WTWRRLF — 2B A-Twb, HRPT minor frame D TIP ¥ — %X 5D
@ TIP minor frame K LT\ 5% (?f;b%, 1047 — F¢ 1 TIP minor frame % %), TIP
dataiZ 8ty +/17— F¢, HRPT minor frame WA g s & X, LSBAlC2E » FF—
2w MAMINT5, HIRS/ 2%, TIP minor frame % 1 element & L C64HD elements T 1 5
AVHDOF—22BRL TS, ¥4V 7 V—va VADTF—21%, 40541 i< 18 (256sec 15
W) FHZER, NEMERZ -5y b, IBEERS -7 PR 1S VISORELTT - 2 2 g
T5,

MSU @ 5 — %1%, TIP minor frame iz § ¥y + 7V — F\"C“4"’J@Z>° MSUF— %8¢t » b
DF 5% = DHDBETIBE » b TV — FThB, 154k, 5127 — FTHHA, 1127 —
FEGHERT -2 THB, 8V —FTILIZA—TEHRLIAIN TR T4 v YT 5,
12, 1I3FECFEZME, A& —7 9 DT — 2B A-Tw5b,

SSUDF— i3, 16€w } /7 — FT, 150 TIP minor frame HIC 3 2F — 2 2855, 1 &
* 5 VIZ328h3h b, 1 TIP major frame (320 TIP minor frame %)) OF — 2 BNNETH 5, 1
54 %, 4% d dwell period T 8 4T 5, TIP major frame 0 & minor frame 0 TIX U % %
FAVE, ¥+ VT V=Y a VDT — 22 lBTH 54 VTFHEMROAR L - » T 2@
W35,

(3) F—xuE

SefRE v 2 —0 FACOM 230-75 D 25 & (19874E 2 H % ©) T S T\ HRPT
7 — 2%k - BUE. (NVAO0D) 7'm 275 2 KEWRMTHEMTEL L5 L, KEHBE LV
2 —DREFAHRPT ¥ — 2% AN L, #E LA AVHRR © 1 &+ v &/, HIRS, SSU, MSU ©
F— 2 Ol - BIEXT> (Fig. 5.1.1 2R,

SEEREEVE - LEET — 2OAFRTELLERORWOT, LR w75 Al
DS w75 AEVEFR LA, AVHRR 5¥— & OfhH - 81Fix, HRPT ® minor frame 231 514 VIT
FELTWBDE, 108y /1Y — FOF— %16y }/17— FREBLTHAHDTF — &
B IIR & A ERIER T,

TOVS ¥ — 2 DMETIE, AFELFT - 2BEHRPTF— 2D 7 4 —<» FRTIPF— 2DV —
FRBAGES DT, ¥ T TIP ¥ — 2 OfiH 2 VT h DD 7 ~ 2 LB % k& L (Fig.
51.228), TIP ¥ — % Ol OBz, HRPT minor frame W T, A UF — 22 DEIh 5
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Q ___>. HRPT data ——
editing &

calibration
HRPT data AVHRR data
Radiometer ) []
constant ) TOVS data
SYSIN data

Fig. 51.1 AVHRR and TOVS data extraction and calibration processing for HRPT data archived
by the Japan Meteorological Agency, Meteorological Satellite Center.

TIP data
Extraction

HRPT data TIP data
TOVS data
—p | editing & —
calibration
Radiometer ' TOVS data .

constant /

Orbit calculation
—® & FOV position

APT
information

[ ]

SYSIN data

Fig. 5.1.2 Diagram of processing for TOVS data extraction and calibration. Tip data are extracted
from HRPT data before the processing of TOVS data extraction and calibration.
Satellite orbital data and the table of FOV positions are added to TOVS data.
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DTCF—BDF = v 2%175, Fl, TIPF—%%, LSBHic2 ¥ 0 (1 ¥ v PREF
1) L, even parity D5 — 2 L L THBHDT, parity DF- = v 7 %175, “D LS LT—EH
HLiETIPF— &% AT LT TOVS 5¥— 2 DHH - BEIER4T 5,

(9 #aEEHE

HEEBOZ vy — RN EZER T L0 EMB LD, HENCDEZLHENEND
BHRADETH S, NOAAHEOHERER (APTHH) 13, GTSEE @ UTKED NOAA »
BREIh TV, SRR« % —T, FOF— 2 REEHFE LT\ 5, HEOMEL,
APT HFHDOH D Part IV O#E 6 R A VT, NOAA Technical Memorandum NESDIS 16

(Nagle, 1986) @ Appendix C (Brouwer-Lyddane model) # iV CHETEB L5 LTz, &
DEFNC X BEHER, B &L APTHEHNO 6 BEREABEE LTV IDETOBRERD 5,
D7D DFIEF D Nagle (1986) K & » TREN TV B, Nagle DHETHIERTT-> T, APT
MO Part I OFBEEREHANITHR TR, HEXT->TIZELIBERALETS WS T LT
b oleDT, T TRECHIER TbiR,

CETHRE LT v 7T ARBWTL, APTHERR2ILKFHELFEMELE VY —D
FOV DB DH#H %Y HRPT b Lic 7 — 2 3z 5 — 2 FIROBEOFIEEY K - 7o, B
BT, 10MEROERMESY 7 — 2 MLz, FOV OfBi%, AVHRR 041005 1 v
KWL FA VIO 7 2 LWTCRHBRHEL, F— 74 LTF— 2L, BEME
DR, FOV ALiE D PfE ik Appendix 5.1.A, 5.1.B #&2B I hic\y,

(Y

51.4 # B 6
(1) AVHRR, HIRS D #ERHE]
tRRoF e 77 k5T, HRPT PHBIEHEATFOV OMNENFETESLT 22y b3S
T&5, ChbxFIATAHZ L > CAVHRREG L EXBHCHT 5, 7427 -y 7H
WAVHRREDF ~ 2 #ERTHT v 7T AR{ERLIcDT, ThC XA NH% U TIRT,
BBz A% » VAR, Bl 5 1 VA% & - CER LM Fig. 513108 Lic, KICE&E
REREERTCRR LTSS, FOVOREDT —TAeflioT (54v, ¥2reL) & (&
B, B OEBRNATELOTLOT — 22 EROBRCERTERTAHZ LI TES, Fig
5.1.4 119894 6 A22A D135 00 (JST) K AA 1227 s HALKCIEHE L THF - %= NOAA-TTIC X
% AVHRR K 0* HIRS DR % I E TR L,
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880330
AVHRR CH.4

(a) ch.1 (Visible) (b) Ch.3.(3.7um)7:i (©) ch.4 (10.5 um)

Fig. 5.1.3 Examples of AVHRR image. The abscissa is the scan direction and the ordinate is the
direction of satellite movement. The brightness levels in the images are relative values.
(a) AVHRR ch. 1 (visible), (b) AVHRR ch. 3 (3.7 zm) , (c) AVHRR ch. 4 (10.5
#m) . In the image (a), the darker parts mean higher reflectance. In the images (b)
and (c), the darker parts mean lower brightness temperature. Latitude and .longitude

lines are drawn on the image.

(2) BEAMES =25 aOF B
HRPT 57— # ik - MIET » 77 2 L L SAFR LCBERR 7 = 75 BRI ThizER
_IEWHEIEIETE 50T, HZEEKEN, H EBROBNOAA OB, HEERE, Bl
OFRCHH LB O STEDOREDERIC Lz, FlxiE, 19894F 6 422H O NOAA-11 OHL
& (sub-satellite point DfLfE) %723 & Fig. 515D X5 1ins, EHTHE h-EHRIZ
AVHRR OB, B CH % hicSIRIZHRS OBRKTH 5. HOHORKZIZUTC ThH 5,
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Fig. 5.1.4 AVHRR ch. 1 image and HIRS ch. 8 image. The resolution of image is reduced to

LATITUDE

0.25" X0.25 (longitude X latitude). The images are projected onto the geographical

map. The (line, pixel) position is converted to (longitude, latitude) posi!:ion using the

precalculated table and the method shown in Appendix 5.1.B.

g0 NOAA- L1 -
- SR -1 S |
y ’,\’ \\02:30:00 \\
40 M—X e
ok |
3 e o=
\ A
20 /Z/ ‘\ ouns:ou‘)‘lj
1ohv
P00 110 120 130 140 150 160 170 180
LONGITUDE

Fig. 5.1.5 An example of NOAA-11 orbital sub-satellite points once every minute. The unit of

time is UTC. The area enclosed with solid lines and broken lines can be observed by
the AVHRR and the HIRS sensors, respectively.
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515 & & &

NOAABE DT — 2%, BHLAFTE, MU B D, £F + VX LVDF - X THHEDF|
MDY, TORSFHAEZND & ERKRBEHRICE > THETHHDT, TOF —22H 5 1
DT v 7T ADEMEET T,

BAE, AARENTHRPT ¥ — 2 DAF OV EROAE S LRGHE ¢ v & —, FILKEXREHEE
ByBIIpIIE € v & —, ENCRTSEET O HRPT OREFT — 2 DN TE D L 57 (o
L, ENCBHEFRERTOF — 212 TOVSUE D %), RKC, FOVOBMNEBEYFHHE T 5007
w75 AbBFE LI, ZhiX b, AVHRR, HIRSZDF — 2 ¥ ERHCFIFATE S Z Ll -
o S, T THREIh SR ST AR IATF - 2 EDLLERD S,

Appendix5.1. A BEMEDOARE

Bl 6, &t DERME R Vs, Ve &350 6 & 6 ORERIRIE, B\ &35, BLOEEE Ve
LV kB UTHET B, WAL (<t<t) OEEDFEIL, Vs ke A 0 B BHETE L CHE L
EHEET B, AL, Ve &V Dis T ARBEICHASRRST 5, BEEES, BECE
LTI ST 5,

Fig. 5.1.A.1 Interpolation of satellite position. Vop is a vector perpendicular to the orbital plane.
Vg is the projection of Vop onto the plane of the equator. Vy is a vector lying
along the intersection of the orbital and equatorial planes. The direction of satellite

position Vsur(t) is calculated by rotating the Vs vector by A 6 on the orbital

plane.
BEREORBERL, KO XS LTITS5, BuBMCEEIR NI bA Ve RRD IS5 LIS,
—VE: _ Visr1 X Vs
| Vsri | - | Vsrz |
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Vop DFGERIN DR & VEg LB E, KOKXNTERES,

Ve = (Vor(1), Vor(2),0).

FRAETH & BB DSTARDTT N, ROKNTEES,

— % —
*’VX _ Vor X Vg
| Vor |+ | Vig |

V., Vop CEREMEMAZ P VL, KORTHELDN5,

Vy = Vop X Vig

A, Rot L FD X 51kt 5,

Vx(1) Vy(1) Vor(1l) cosA 6 —sinAf 0
A=|Vx(2) Vy(2) Vor(2) |, Rot={ sinA 6 cosA 8 0
Vx(3) Vy(3) Vor(3) 0 0 1,

Thbaf-T, AELCHANL, RATELLR 2,

Vsar = A - Rot + A* - Vsp,

T, ARTIADEREBITIITH S, Ak, KATEX 5,

_t—h
A = to—t1
0= cos ‘ Vsr1* Vsra .
| Vsri | | Vsra |
BEBERX, KARTHEX %,
r= = Ve | = Ven 1) :
lr—s ST2 ST1 + | Vs |

Appendix 5.1.B EBFAHEDOAE

HE (FOV : Field of View) JHDWHEIL, 10071 vE XKL, 1514 vHih 0BREDO L
2K LT FOV OfiB* 3B L, 7 —7AELTAVHRR ¥~ 2 7 » £ LIEHT, £DF —
TAEWFETHZ L X > TFOVORERZHET S, 1 V7 2B FOVOAEY EHECHE
T5Z LR D EEKTHDLDT, 7T AERFET S,

54 VEOPNEIBRBET > CHOREIMBEC L HBE T, A%y vHRAOMEX, %

— 306 —



[EMEATIMRE H205 1992

PTREETD, LAV EDL 7w LEIZwLDBOI 7 v ADKNBYAFETS &
5, MROPLEFEYRS TR EHIKOPL LMK ED FOVOMEY RS TRORTHAY
B EF B, o BU) HERI FOV DA% NFET S,

r _ BD=BL) r2 BUD-BU)
Iri B(I)—B(L) |rz] B(L)—BCL) |l

BUE, 7 I FALEBEERE, BEE LTV AREINOEEEEL#\, HEEER & EE LT
BONUDHELTE, COFECLANEEET] €7 e Dl ThD, '

SATELLITE

~

B(I)

Fig. 5.1.B.1 Relation between the satellite position and FOV on the earth. B is an angle between

the satellite position vector and FOV position vector.

2 E X ®

g - EAREA, 19830 HRPT 57— 2 O - BEIE. TOVS 5~ 2B v R 7 A DL (58 3
%), KEWE v v & —HilimER IS, 25-48.

Kidwell, K. B., 1988 : NOAA Polar orbiter data (TIROS-N, NOAA-6, NOAA-7, NOAA-8, NOAA-
9, NOAA-10, NOAA-11) users guide. NOAA NESDIS, National Climate Data Center, Satellite
data Services Division, Washington, D. C.

Lauritson, L., G. J. Nelson and F. W. Porto, 1979 : Data extraction and calibration of TIROS-N/
NOAA radiometers. NOAA Technical Memorandum NESS 107, NOAA NESS Washington, D.
C.

Nagle, F. W., 1986 : A description of prediction errors associated with the T-BUS-4 navigation
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message and a corrective procedure. NOAA Technical Memorandum NESDIS 16, 28pp., NOAA

NESDIS, Washington, D. C. . ‘
Plenet, W. G., 1988 . Data extraction and calibration of TIROS-N/NOAA radiometers. NOAA

Technical Memorandum NESS 107-Rev.1, 120pp.,, NOAA NESDIS, Washington, D. C.
Schwalb, A., 1978 : The TIROS-N/NOAA A-G satellite series. NOAA Technical Memorandum
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5.2 HEOHFINEDRRETHI-E" ‘
(Infrared view of clouds using the instruments on NQOAA series

satellite)

52.1 &

EBELY LBOKELHE L Lo FEHITE, BRAER L L 212, NOAA %S0k RE
T2 RIE B L, BBEEILD LR EBRHOBEEEZHEN, ZBEORGEHAOEBIES R
TEET — 2k, BORMHERYHLNCTEDIEF TR, VE—F - %YV, VI7OH
WOHEPER L BB, B, BOF 2 -2 L LU, #lziE, ISCCPTRRER, EEEE,
EEERE, (THO) KENEIREBFRNETAROTREN L1 F +» VIAVDOHET — 20Dl
H &R T\% (Schiffer and Rossow, 1983), — iz, HENLDLDOV E—L - U V5 4 v 7T,
BN R DN FAIMEDOECEFHLTT 5, BECIET 2EWHIIIMEEL T &P THE
| - ¥, KRR ETSHWE, KKREMEFALRALHERECHETS, TOd—HREE
FTREOLE OHEY I D R CRIN SIS\ TR OEHE T3 - & ZHETH 5,
X DIEHC X 0% OFEREHE S CRSPRT L 2BHHBTRARTH S,

T T TN, 19894 6 A30 A0 FEBIOBIE S h i NOAATEDF — 22T, E&H
TN OFIBRFEE LC NOAABED VY vF 4 VIZHDF + VEALTIRED LS CRL T W5
B, Thbb, FAEOLWR X HENEC ZOWIEY O, M K - X)), B - BkE
HE) OBGCERBLIEMI IR T BNE S0 EVIEET, FAF v+ VEARL L BTN
5 A — Z DRI O R EEMIE DO TR,

5.2.2 NOAA LV —X(CEBENTLBH 77 4 & ARSI OB

S vy 4 v 7O, TOVS (TIROS Operational Vertical Sounder) & X =2
BHELR>TWBD, FhHD=-kE, HIRS/ 2 (High resolution Infrared Radiation Sound-
er), MSU (Microwave Sounding Unit) , SSU (Stratospheric Sounding Unit) TH 5%,
TIROS-N, NOAA > V) —RXDH Y vF 4 v 7 HOBMHOEF + VENDEBBIC DWW THEK
¥ L@l D2 Table 5.2.1 (Smith et al., 1979) TH D, ZhHOREID & b LBAROHE
BE - KBGO WETDDOERTHD, ThALNRTRNTEART A — X DREBRET Db
Feizisv, MSURERCOHERESFOHE s, ZOFELHE H TRV, SSUR
BEBEORESHDHEDIDDOHBTHHDT, 2 TEMSU & SSUDF — 22Tk
g,

%k AWUBAE (A. Uchiyama)
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HIRS @ ch. 1~ch. 7%, CO, D15 pm HOHLD 510 pm DKKRDBIZ T T CO, DRILA
RATZAGEL 5% X 5 CEENICRERESMHEEROF + v A1 TH S, Ch. 81, FKIHEOK
KOBDF % VEATHY, ch. 93+ YV VDI 6 pmEEDF v v 3 A TH%, Ch 10~ch. 12
i, KEKOHMES M E CO,DF + VH L, BOF v VEIACHT 5 KEZIDOBEDIDDOF +
VEATHB, Ch. 13~ch. 171, CO, D4.3 pm BEDHLND » TRINAKE 785 & 5
NICHERESAEEHDF + v 21 ThHB, Ch 18, ch. 193, BIRODIETH DA, Arh
BREBHOEEYZT 5, Ch. 201X, THKOF +» v L TH S,

Table 5.2.1 Characteristics of TOVS channels (Smith et al., 1979).

HIRS Channel Central Principal Level of

Channel central wavelength absorbing peak energy

number wavenumber (um) constituents contribution Purpose of the radiance observation
1 668 15.00 CO, 30 mb Temperature sounding. . The 15-um band channels
2 679 14.70 CO, 60 mb provide better sensitivity to the temperature of
3 691 14.50 CO, 100 mb relatively cold regions of the atmosphere than can
4 704 14.20 CO; 400 mb be achieved with the 4.3-um band channels. Radi-
5 716 14.00 CO. 600 mb ances in Channels 5, 6, and 7 are also used to
6 732 13.70 CO0:/H,0 800 mb . calculate the heights and amounts of cloud within
7 748 13.40 CO3/H,0 900 mb the HIRS field of view.
8 898 11.10 Window Surface Siurface temperature and cloud detection.

.9 1028 9.70 0; 25 mb Total ozone concentration.

10 1217 '8.30 H,0 900 mb Waler vapor sounding. Provides water vapor correc-

11 1364 7.30 H,0 700 mb tions for CO; and window channels. The 6.7-um

12 1484 6.70 H,0 500 mb channel is also used to detect thin cirrus cloud.

13 2190 4.57 N,O 1 000 mb Temperature soundmg. The 4.3-um band channels

14 2213 4.52 N0 950 mb - provide better sensitivity to the temperature of

15 2240 4.46 CO:/N:O 700 mb relatively warm regions of the atmosphere than

16 2276 4.40 CO0,:/N10O 400 mb can be achieved with the .15-um band channels.

17 2361 4.24 CO. 5 mb Also, the short-wavelength radiances are less sensi-

i tive to clouds than those for the 15-um region.

18 23512 4.00 Window Surface Surface temperature. Much less sensitive to clouds

19 2671 3.70 Window Surface and H,O than the 1i-um window. Used with
11-xm channel to detect cloud contamination and
derive surface temperature under partly cloudy
sky conditions. Simultaneous 3.7- and 4.0-um
data enable reflected solar contribution to be
eliminated from observations.

20 14 367 0.70 Window Cloud Cloud detection. Used during the day with 4.0- and
11-um window channels to define clear fields of
view.

Principal Level of
Frequency -  absorbing peak energy
MSuU (GHz) constituents contribution Purpose of the radiance observation -
1 50.31 Window Surface Surface emissivity and cloud altenuation determi-
: : nation.

2 53.73 0. 700 mb Temperature sounding. The microwave channels

3 54.96 0, 300 mb . probe through clouds and can be used to alleviate

4 57.95 0. 90 mb the influence of clouds on the 4.3- and 15-um
sounding channels, -

Principél Level of
Wavelength absorbing peak energy :
SSuU (um) constituents contribution Purpose of the radiance observation

1 15.0 CO, 15.0 mb Temperature sounding. Using COs gas cells and

2 15.0 CO, 4.0 mb pressure modulation, the SSU observes thermal

3 15.0 CO: 1.5 mb emissions from the stratosphere. ’
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fTEBI% (weighting function) %, Fig. 5.2.1 (Smith et al., 1979) DRI 5 TW5H,
HIRS @ ch. 1~ch. 3, ch. 174, BREAE L v E2DHOFENR KX { REEOEOBHICILE
RISV E EAHMTE D, Ch. 4, ch. 5 ch. 1272 213, FRICERS T HRITEI\C Lic
18508, TOZLTHC, THECEND > TLLOREBYZT 5 L LBOELG#EHT
xBrricnh, | |

NOAA-11, -10 ® AVHRR & HIRS D& F + v 3 AL DRVERIH (responce function) % RR3
% &, Fig. 522 (a), (b), (c) D#IC7e%, NOAA-11 ® HIRS @ ch. 10 & ch. 17 1%, Table 5.2.1
DRLE L3 > T ) LN ERBERKTI6 cm ™ (B 12.6 pm) & WH2416cm— QEEA 14 4m) D

3
LANLL L B B S B B 0 At B B B s e B e

MIRS SHORTWAVE % 1.0 7
2 :v:s c‘;&':fn?\.v: 2 €Oy /N,O CHANNELS : - -
' . Q0.8 -
3| =z .
ot 4 2 0.6}
I N 0.6 ]
5 | w I~ -
of o ] Q0.4 -
£ d E =
0| 19 an S o -
& 0.2 : :
20 20 &g, s N -
30| or 3000 2500 2000 1500 1000 500
40
;g: 50 WAVE NUMBER (1/CM)
s o (3) AVHRR ch.3, ch.4, and ch.5 on NOAA-11
sof
100f mF 1
. 19 1817 1868 1211 S _810%
200} 200} =} 1.0[:
sook 300 160, -
. o . -
;gg: ;3: t1si ES 0.8 |
€00 ooy W & 0.8
200k 800} (13)
E Nt N W I
A L] . Lo
° 2 ) 3 2 10 0 2 ‘-z-' 0.4
0 — S o
8'3 0.2
. w r
2 MIRS WATER VAPOR AND &~ g.g IR N R YA WAL
. :;" ;m::;.: LONGWAVE WINDOW CHANNELS 3000 2500 2000 1500 1000 500
£
o HAVE NUMBER (1/CM)
3 (b) HIRS channsls on NOAA-11
8|
10}
- 19 18 1712 121110 _9 8
2] S 1.0 (
by -
:‘;: Lz-’ 0.8
b = B
o L oo.6f
nof w -
100} ;’ 0.4}
3 -
200 % 0.2}
3004 & 0.0 e .
00 3000 2500 2000 1500 1000 500
300
sook HAVE NUMBER (1/CM)
00| (c) HIRS channels on NOAA-10

Fig. 5.2.2 Response functions of the sensor
on NOAA-11 and NOAA-10. (a)
AVHRR ch. 3, ch. 4 and ch. 5 on
NOAA-11, (b) HIRS channels on
NOAA-11; (c) HIRS channels on
NOAA-10.

Fig. 5.2.1 Weightings function of TOVS channels
(Smith et al., 1979).
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2.2 LI S S N S A R I M B A ) L B B B

| N T T N e |

(=]
T T T T

INDEX OF REFRACTION

]
0 lllnlxnnxlnunillll||||1|-1
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i

v
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T T
sl

Fig. 5.2.3 Index of refraction. The upper is the real part of refractive index and the lower is the
imaginary part. Thick solid line is refractive index of ice (Warren, 1984) and thin solid

line is that of water (Hale and Querry, 1973).

MBI HS (TIROS-N, NOAA-6~10i% Table 5.2.1 DFLETH %), AVHRR & ch. 3~ch. 5D
JSEBIS b % Lz, ch. 312 HIRS @ ch. 1912, AVHRR @ ch. 4, ch. 5% HIRS @ ch. 8 2124
5,
EORFHIUBEXRDLERD—DOTHHK - KOBWHREHE (BEITIL, BREET5
&) % Fig. 5.23 W/RL7%, AVHRR ® ch. 4 & ch. 5 OfriE X, BHIEIKE S ELT S HERC
bb&kb%+V*WT%ﬁ%m&#5Km,ihﬁé%ﬁ%é;HmS@dLM%h7ﬁ,?+
v AN OBEHERRHS DK &K TEFEDOLELD LaichE S DT, KEEKEOF N &
WCAL2hy b Fh sy,

5.2.3 LRI (19894 6 A30E)
19894F 6 F 30 I 13W52540 68 (HARSED) HA L2 HH S~ L NOAA-11 Dfhcous

THEND EEDOXKENED I SCRZB20HN%, ORI, R TEBREOH LB ZIT -
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THD, WK L% 20 HAMECABENTT A, Fig 524 (), (b), (0 1c, Z0k
® AVHRR O ch. 4, ch. 1, ch. 3 DBIRMELX R ER TR LA GERE 8ERADHEMETSH
%), Fig.5.24 (), (0)i%, BV EWERE (Tw #MEL, Fig. 524 (b)iX, WHEL TRV
ERSEOBENR N, TORNLS2 5 L 5 BR, ok, RERG AT CTEBDOEN A
o TE D RETIEEBENEN I iz, Z O HIRS TEM I hi-fli% Fig. 525107k L (3
R BFEAOHMETH D, RUEBEHERE Tw MEV), BBHBAT v (E2721) J
M, MEET (4 FTaThs (Mo LFrdk, THAE, £HH5lE, 8RR, Kok
RIZH D HWCHEBHAOBIED DD T — 2 (FHEFEWT 2 -7 v PERTW3) H-
T B IdT — X HTR,

HIRS @ ch. 1, ch. 2 TRERE L h L LARIIMVOTEREBEA L R, REBEIZ L@
SHEELEOTLimbid EEEREAE S (AL) TeoTWwb, Fic, BAEMLIBICIIVG
FREABVCOTHO Mg FEEREAEL (HL) toT\wb, Ch. 3TR—HENR ORI
WHR%TL %, Ch. 4,ch. 5, -+, ch. 8T FTHREONTHEALRATBETCHRXLS LI5S
(REMAAETRLTHSDTRALRATECRABRFEDLE D - & D Lig\),Ch. 4~ch.
8 OEMMEIY, Limb OMEREEIMEL (B, ThITHEE T LB EKENMEVW S TH
%, HIRS ® ch. 8%, ®imkd & 5 AVHRR @ ch. 4, ch. 51243 %, HIRS D ch. 9134 V' v
D9.6 pm HEBM LTV 55, »ish TRAKOEELZII T\5%, HIRSDch. 11, ch. 121,
KERDOEELZT HDT, £RCEORIEI L - X H Ligys, HIRS @ ch. 13~ch. 16135 4 1
EUnRZ7e %, HIRSDch. 18, ch. 1I9RXHEF TRX5F + VL TH%, Ch. 19DFD
ETHOBERE GV (AV) EZAR, KEBEEPBEC L - TREIAT2EIATH
% (Sun glint),

Fig. 524 DR O#E130" E £ 134 E, #FE35 N L37 NCH i RE W T L BT
5, T OFEBEDOHF RO HEBAEEINCE RS & Z DR D IR T4 R K
Abhb, COFEEOFY Fig. 524 (2) £ b)) TREAS &, FACEEREIMEL (BW) 2%
Db LT TRHENVNE L, BBEOEHMN L RX 5, AVHRR D ch. 4 & ch, 5 DHEER
EDE (ATs = Tss (ch. 4)—Te (ch. 5)) #H» TFig 526 /R LA (B gEERKE),
ORI OSHNB L HTHROWSOHEMCENKZVEZARBIEFHS K THD, Gk
DS COWEREDOEINILSEK2~3' KThH5S,

COFIRICOVT, BN ch. 4 OMERREE, RMCEEEREE (T (ch. 9—Ta (ch. 5) %
Zuy b LiebDx Fig 52THERTEME LR L, o7y b Tk, ZOHME
ENEblnE RWEIOE{LE LB T —FROMBE LSRN EL Z L RTLhT W5

(Yamanouchi et al., 1987; Inoue, 1985; Prabhakara et al., 1988), Fig. 5.2.7 ® iz => 0 7'
N—FEHTFHRDL, —2iF, ch. 4 DTes H3250~260K (5T AT 2 2 ~ 3° K O AfE % HD
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(VN wl

(==} /

pu ] D

— ~

= —

< <C

—J |
130 135 13 135 140
LONGITUDE LONGITUDE
(a) AVHRR ch.4 » (b) AVHRR ch.1 (visible)

LATITUDE

130 135 140
LGNGITUDE
(c) AVHRR ch.3 (3.7um)

Fig. 5.24 AVHRR ch. 4, ch. 1 and ch. 3 images in the region of 125"E to 145 E and 25" N to 45
N. In the images of (a) and (b), the darker parts mean lower brightness temperature. In
the image of (c), the darker parts mean higher reflectance. The rectangular region
(130°E t0 134°E, 35" N to 37" N) in the image is investigated in detail. (a) AVHRR ch.
4, (b) AVHRR ch. 1 (visible), (¢) AVHRR ch. 3 (3.7 #m).
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890630
HIRS C

H. 3

890630
HIRS CH. 8

8390630
HIRS CH.12

Fig. 5.2.5 NOAA-11 HIRS channels brightness temperature images. The darker parts mean more
lower brightness temperature. The abscissa is the scan direction and the ordinate is the
direction of satellite movement. The brightness levels in the images are relative values
and the differences among the peaks of weighting functions cannot be clearly

recognized. The last figure shows the longitude and latitude lines.
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890630
AIRS CH.19
40
y
1To
30
70
130 140——-4

Fig. 5.2.5 (Coﬁtinued.)

CH.4-CH.5

35

LATITUDE

3025 130 135
LONGITUDE

Fig. 52.6 The T& differences between AVHRR ch. 4 and ch. 5. The daker parts mean more
large difference of Tss (ATss = Tss (ch. 4)—T4ss (ch. 5)).

— 316 —



RBFEMHAMERE 5208 1992

890630
AVHRR CH.4-CH.S

10

TBB(CH.4)-TBB(CH.5)

- —

_ T T e N B
520 240 260 280 300

TBB(CH.4)

Fig. 5.2.7 Scatter plot of Ts and ATss in the region of 130°E to 134" E, 35N 0 37 N. The
abscissa is Tz of the AVHRR ch. 4 and the ordinate is the difference >f Ts between
ch. 4 and ch. 5. The AVHRR data in 3 lines X 3 pixels are averaged. ‘Solid lines with
diamonds are values calculated theoretically. 7., is an effective radius of the log-normal

size distribution.

T—F&, 5 —DiFch 4 D T H265K I AT 23 8 K D KfERFHO7 —F (2B 5
D7 —Fitch. ADEWEREIMEV & & HITENEG) OO0 D5, fiEZEOT —FIHROE
KﬂﬂLt%@?%bt%%07H%@%ﬁ@%@ﬁw®%ﬁmﬂmbt§@?ébaﬁ%ﬂﬁ
[ELHAB &, WZEEHLERE r,=16 pm & 7,,=32 pm TFHE LI b OOMICERD D, 5%
118 um DHEMDORBRED %, ZDXST, ZOZODI N —FDELE, BOYEEEDE
WIZERT A DT, UTFTR, 20X 5728, HIRS DFF + VR VOBER EDE D A
ZBEDESPECOIBATHRND, WROMESZPTHT%0, AVHRRD ch. 4 & ch. 51
5 LTV B A1 NOAA-11 @ HIRS Tk ch. 8 & ch. 10 TH 5, Bl ch. 8 DEEIEE,
B HEREEE 2 (Tss (ch. 8)—Tss (ch. 10)) % 7'm » b3 5% & Fig. 528D X 5ki/s%, HIRS
@ ch. 10 DPHALE TZ AVHRR D ch. 5 X D BRILAK & D CRERBIS R Lic & & 5 TlRE
EHPKE WLA~5'K) BRI SR ODHHEHNnS,

RO EBE - 7cF v+ VARAL T EIESD & Fig 529D %, BBIXIEREL 7755 » v %
AOWERE, MENTRARELT DT » VRNV OEERED DT 5 F » v ANV O HERE YT
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8)-TBB(CH.10)

TBB(CH.

_ A I |
520 240 260 280 300
TBB(CH. 8)

Fig. 5.2.8 As in Fig. 5:2.7 but for HIRS ch. 8 and ch. 10. The abscissa is Ts of the HIRS ch. 8

and the ordinate is the difference of Ts between ch. 8 and ch. 10.

Wit DTHDB, BiEoleTF v VELDEXRBDIE, KKOFELB U LD TH B, ME
RO - 27 ENBHDOT, HERBICHIGE LIk ZATE ) DEXRD S, Ch. 9k, Vv
DEELZITTCBHDT, ch. 9FEEDTF +» VR ALIIFEHT, ch. 10&##C L Tch. 8 L1
B L7, Ch l~ch.310i3d & b LEDFERINT LA LR VOT, OCEHIT — 2 8B % > T
Do Tos (ch. =T (ch. N7 B LEDERIPI G ENZ L 5T ) ZBEOBZHLLTT — £
DTS X 51ieB, Tes (ch. 5)—Tss (ch. 4), Tas (ch. 6)—Tas (ch. 5), Tus (ch. T)—Thss

(ch. ) LIRBEORTF —ER DD N —FEHPANBDRIE-EF D LTS, Tibb,

AVHRR @ ch. 4 & ch. 5 DEEEEC B ohic £ 51 HIRS DF 4 v AR b D ER S
bhb, ThbOEOEME, 7 LB, Thé dMERBHRTLIRGORL, SHEHFHX
BENERD D, Tas (ch. 8)—Ta (ch. N DIEIESDNTE D, 2o X H LB DD I/ A — TS
FhHZEFTERG, ChIZMPROEREZEATODAREEND 5D, Te (ch. 8)—Ts (ch. 9)
i, ZorRSPRTWSR ch. 9 RBITICHFE S CITA Y vORBESANLER S, Te (ch
11)—Tss (ch. 10) X, = 2SI T5D, Tas (ch. 12)—Tsp (ch. 1) 1%, =207 A — FI2y
5 EETE W, Ch 11, ch. 121, KEKDHES M HEET S DT, KEK DM
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Fig. 5.2.9 Scatter plot of Ts and A Ts for HIRS channels. Brightness temperature differences
between the adjacent channels are calculated in order to reduce atmospheric effect.
ATs = Tss (ch. 12)—Tss (ch. 13) and ATss = Tss (ch. 17)—Tps (ch. 16) are not shown

because of large differences of 7.
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Fig. 5.2.9 (Continued.)

DECDIDEAELDT —XDIELDOEIERY I N—-FHFTCERVSDERbIS, Tw
(ch. 14)— T (ch. 13), Tas (ch. 15)— T (ch. 14) 10 & =D 7 1b — FICHE LI F — & DT D
'?ﬁ%blﬁﬁﬁ,:OML@?N—fﬁb%I5K%EZ%QTm&hl&-ﬂﬂm.wﬂi
ch. 16 ~ORBEDHDHFEF DK E WD IV — S5 TEe\, Ch. 19 & ch. 18 DERBEE X
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Fig. 5.2.10 Scatter plot of Ts and AT for HIRS channels on NOAA-10 in the same region as
in Fig. 5.2.9. The abscissa is T of the HIRS ch. 10 and the ordinate is the difference
of Tss between ch. 8 (11.1 p#m) and ch. 10 (8.3 g m) on NOAA-10. NOAA-10
passed over Japan at 8:30 (JST) on 30 June, 1989. The combination of these two

channels is effective to detect the upper level clouds.
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SHM RS

A.1 BlHIEZE (nstrumentation)
RE—ER i —EE
i FE £ B E 515t (MCP:Multichannel Cloud Pyranometer) ilFrE IEFRA B 812t (Pyranometer (with RG715 hemisphere))
MEEE L/ FEI&2%7 5 » 7 2 (Upward/downward spectral flux) AEBEHR L/ FH &EHRA 75 » 2 2 (Upward/downward near-IR flux)
B/ €7V | FELKEH (Bk) Eko Instruments Co., ES85-212/ES84-150 BLE/ € 7 v | H5LIEH (BE) Eko Instruments Co., MS-801
St/ ER | & 4 —: 170Hx250¢ 9kg T/ ER | 102Hx1304 2kg
ZoHRE8 : 450Wx240Hx340D 10kg
R 100VAC(50/60Hz, 1.5A) B L
RIEHR Si/Ge photodicdes sensing through interference filters MEAR Thermopile
Bt 4y5tig & A=420,500,675,760,862,938,1080,1225,1650nm ik 0.72pm< A <2.9pum(RGT15 7 4 & 5 ~)
74 NF—i8 AA=2~5nm, HBEAL3%F.S., H77:0~10mVDC BEI%E.S., £77:0 ~10mVDC
ilfE 2K HEtEt (Pyranometer) itk 2 BB g2t (Wide-dynamic-range Sunphotometer)
HIEEH Lt/ FEI&H§ 75 » 7 2 (Upward/downward solar flux) MEE# KIES LR 54345 (Nadir spectral radiance)
S5/ 7 | FEILAKSH () Eko Instruments Co., MS-42 B/ 7 | HaLEH (8k) Eko Instruments Co., Eko-NIPR
T/ EE 102Hx130¢ 2kg T/ ER + 4 —:110Wx180Hx220D 3kg
ZE 5285 :430Wx200Hx400D 15kg
B L B 100VAC(50/60Hz, 2A)
REHR Thermopile RIEHR Si photodiode sensing through interference filters
i 0.28um< X <2.9um(WG305 7 4 L 5 —) i S E A=332,369,500,675,777,862,939,1048nm
HEE5%E.S., H77:0 ~ 10mVDC 7 4 V% —i8 AN=5 ~ 10nm, #77:0 ~ 10mVDC
il Frd 2K 413t (Pyranometer (with WG305 hemisphere)) #3832 /A &tET (Pyrgeometer (with silicon hemisphere))
RIEESRE +/FrEI&EH7 5 » 7 2 (Upward/downward solar flux) HEEH Lt/ FE &5k 7 5 » 2 2 (Upward/downward infrared flux)
g/ e 7 v | AL (B) ME2X BT Eko Instruments Co., MS-801 8%/ 7 | Eppley, Precision Infrared Radiometer (PIR)
~tiE/ER | 102Hx1304 2kg “TEE/ER | 80Hx145¢ 3kg
BiR L BIR 5 ~ 12VDC(for monitoring interior temp.)
RIEH R Thermopile C RlEAHR Thermopile
bk 0.28um< A <2.9um (WG305 7 + V5 —) ik 4pm< A <50um(Y Y I Y F—LT 405 —)
HEE3%E.S., 11/71:0 ~ 10mVDC HBEL10W/m2, HAFA:-10mV ~ 10mVDC
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AR —RE ; , ME—RE
ilp=X FRIMRIRIIRAZ ST (Radiation(Remote Sensing) Thermometer) % & T F8EL+ >~ 4 — (Knollenberg FSSP probe)
HEBR KR B 38 (Nadir infrared radiance) MNEER TR F 4 4 X537 (Cloud particle size spectrum)
84&/ € 5 v | Minarad Systems Int’l Inc., Model RST-10 ) 8li&/ € 7 v | Particle Measuring Systems Inc., Model FSSP-100
ST/ ER 4 v+ —:200Lx130¢ 4kg, ZEHR33:350Wx150Hx350D 8kg <i:/ER | 1016Lx178¢ mm 18.2kg
B 115VAC (50/60Hz, 20W) B 100VAC1A, 28VDCI10A
RIELH Pyroelectric sensor BIEER TR T ORTHRELEIC X W HEFIOBEKEHIES 5
ik 9.5um< A <11.5um 2°FOV ik DEREEBA 1pm(BHKE DHBHZRA), 1~16,2~32,2~47,
-50° C<T<+50°C, $5E:+0.5°C, Hi/3:0 ~ 10VDC 5~95um O —2% 15 HEITRIE, MT I slow data XA THS
i lE=FA FRARIRSTEEE ST (Radiation thermometer:Thermal Master) B & TR F 4 # — J & v+ — (Knollenberg 2D probe)
RIEEF KEHRH 15385 (Nadir infrared radiance) RIEE# KRR FFAR ¥ 4 X437 (Ice particle shape and size spectrum)
81;%/ € 5 v | Barnes, Model IT-4 &l%&/ € 7 v | Particle Measuring Systems Inc., Model OAP-2D2-C
T/ ER & ¥4 —:200Lx130¢ ~tik/ER | 1010Lx170¢ mm 20kg
ZEH38 :220Wx140Hx265D
BiR 115VAC (50/60Hz, 20W) BiR 115VAC1.5A, 28VDC3A
FIEH X RIEHR 32 ZFORATCHTFIBEYZIHEAET S
ik 9.5pum< A <11.5um it 25um<D<800um, S 125kt OB 25 um DLIAEHE
-40° C<T<+100°C, ¥E:+0.5°C, H177:0 ~ 5VDC HiZ1: #& 57— 71z 2D data ER THIA
flg& EXHTF €7+ HITHEE (AVIOM-C) il F2 J-W Esk &zt (J-W LWC Indicator)
REEFR EHRFH 4 5% (Cioud particle size spectrum) RIEEHR E7k & (Cloud ligid water content)
i/ = 7 | (BF) =& Sankei Co., AVIOM-C 845%/€ 7 | Johnson-Williams Inc., Model LWH
~TiE/ER | €4 — (MRI-SK3D): 235Wx233Hx450D mm 15kg T/ ER | + 4 — 140Wx150Hx50D ’
a v be—35 (MRI-SK3DC): 435Wx200Hx370D mm 11kg a v b a—5:140Wx230Hx120D
BWE 100VACS5A, 14VDC2A HiR 115VAC (400Hz,0.8A4) 27VDC (15A)
RMEHR 5um<D<500um fEAHK Hot-wire (constant electric current)
i X, kBEERE LTEERR i 0 ~ 6g/m3 (air speed 150-300kt)
HAFR : €5 4{E5 (NTSC), VHS & 74 7 — 71 iNR | #77: 0~50mVDC

g ST E 0
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flg—Bx R —E
ik KING Zsk B3t (CSIRO-KING LWC Probe) :UF R B£8Rt (Pt thermometer(Total temperature sensor))
MEBER £k & (Cloud liqid water content) HEESR KB (2B FE)(Total air temperature)

&/ €5 v | Particle Measuring Systems Inc., Model KLWC-5 845/ € 0 | Rosemount Inc., Model 102 AH2AF
“TiE/ER | £ Y4 —:150Wx100Hx75D ~Tik/E® | 60Wx100Hx90D 0.2kg

2 v b —5:150Wx60Hx80D ¥4 2 7L 4:125Wx150Hx100D
TR 28VDC 400W BiR 5VDC
#EAR Hot-wire (constant electric power) fEHN Pt 500Q at 0°C
i 0 ~ 5g/m® B -50° C<T<150°C, EHis R

5 :0~10VDC F5EF:40.3 ° C(-50 ° C<T<150 °C non-deiced), H77:0~30mV
il FEERKBLF 5 v ~ 5 (Optical counter) fIBE B&IKEE:T (Pt thermometer)
MEEFR T —a V- 4 4 XHF (Aerosol size spectrum) RIEEH®R KB (£BE) (Total air temperature)
sE/eF v | 5 v EE(#) (DIC PM-730-NS15P) BLE/ € 7V | (B REFICARISRBR AT, MZE#AEREST (MAKINO TS051P)
i/ ER | Kk 410Wx240Hx650D 20kg TE/ER | & v —:65¢x200L 1kg

C | F— & AR . 3T0Wx320Hx320D 5kg ZEH35 :220Wx130Hx 180D 2kg

BR 100VAC 330W B 100VAC (50/60Hz)
BEAR SEEIR A 60 ° {5 L AELR fEHR Pt 1000
i 0.3um<D<10pm(15size range) ik -65°C<T<35°C, &t & = v 7 —{

HiA#.R : RS-232C HE . £0.2°C, Hi/71: 0~3VDC
itk 14 vs¢4 % — (Aerosol sampling impactor) H#iRE FRIMVREGHERE ST (CO, /¢ » F)(Radiation themometer)
REBH . | = —v /- TTHESH (Aerosol composition) HEER KB (K51 EEE)(Static air temperature (radiation temp.))
BB e 7N | KREE (B) 813%/% 5 4 | Minarad RST-10
T/ ER 800Wx400Hx400D 24kg T/ ER + 4 —:200Lx130¢

ZE 8% :350Wx150Hx350D

BiR 100VAC 640W BiR 100VAC (50/60Hz)
RITETT BMERS TV VT flEAR Pyroelectric sensor
Bz D<0.3um (&5 7 AEH) it 14.2pm< A <16.0pm(CO; absorption band), 2° FOV

¥ : £0.7°C, 141 : -6VDCto +4VDC

PR R
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Rz % % —J%
R Z 75 258 RS (Aircraft Hygrometer) A EF 4% A 5 (Video camera)
RIEEHR TSR A (Dew point temperature) RIEE R E OfZHE (- 715 )(Cloud morphology (forward /downward))
&g/ € > v | EG&G International Inc., Model 137-C3 WE/EFN | HRE 2 5 — (#) Victor, TK-860
JEES ¥4 —: 6.1kg ~JiEER | 90Wx85Hx160D 0.9kg
7555 © 130Wx200Hx250D )
B 115VAC (50-400Hz, 55W) BiR 12VDC(sW)
HEAE Pt thermometer with dew point sensing mirror AEHR 2/3inch CCD (510x492 pixels)
ik -65°C < Td < 25 °C, reverse flow %! ik Cwwyvh
FSEE:£0.3 °C(-50 ° C < Td < +50 ° C), Hi#7:0 ~'50mVDC HAER : NTSC 5
f2R & FEF1Et (st EE Sz 38) (Absolute pressure transducer) flg % TAS gtflf »» X 7 & (TAS Computer)
HEEH SJF (#/F)(Atmospheric pressure (static pressure)) RIERE®R B SR ITEEE (TAS) (True air speed)
@&/ € 7 /v | Rosemount Inc., Model 1332A3 #l3&/ € 70 | B&D Instruments Inc., Model 2504
TERER 35¢x130L 0.2kg TEER 1.6kg -
BiR 28VDC (600mW) BiR 28VDC 750mA(MAX)
RIEA X pREEEX MEH= BE. BE. 2EEATICLD TAS 23HE
ik 0 ~ 1050hPa, $EF : £0.1%F.S. £1hPa (MAX) ik 14~999kt, ¥§EE:£4kt(70-120kt), +3kt(120-200kt)
Hi#7:0~5VDC H77 : 0~10VAC(400Hz)
iRz FE72t (Absolute pressure transducer) B ZEE (A BIZEEm%SR) (Differential pressure transducer)
EE® SJE (#/F) (Atmospheric pressure) REE®R ZF (£FE-#E) (Differencial pressure)
#45&/ %€ 7 | Validyne Engineering Corp., Model P199 1%/ € 5 | Rosemount Inc., Model 1332B1
THRER + >4 —8B:143Wx74Hx 140D 0.9kg TEER 4 4 —:354x130L 0.2kg
7 v 7H :183Wx46Hx177D 1kg
BiR 100VAC (50 ~ 400Hz) B 28VDC  (600mW)
RIEAZ HEVT 29V ZER RIEHR HEREEX
FiE 0 ~ 1050hPa Ftk -170 ~+170hPa

R £0.1%F.S., H177: 0 ~7VDC

FEE:+0.1%F.S. 20.2hPa (MAX), #/7:0 ~ 5VDC

B SR Mg
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F
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MF—WR RB—-EX
JEUpiE B3t (Altimeter) iR 72— F . 2 Ea—2 (Personal computer)
RIEEHR RUE (RIESE) (Pressure height) HEE#R 7 — 5 IX§% (Date acquisition)
A/ v | HEMZELE () TKK ATP20-1 g/ =7 [ HRBK (8) NEC, PC9801UX21
TEHEER THER Ak :400Wx130Hx340D 12kg
BR 28VDC 74 27 1 —:350Wx230Hx290D
RIEAR BiR 100VAC(50/60Hz)
props -1000{t <h<35000ft, Hi77:-0.1V~3.5VDC AEER

¥4 5E: 4801t (0-100001t), +1101t(10000-200001t) S CPU:i80286 (10MHz)

i BIBAITEEE (¥ + 1 =) (Vertical/directional gyro-system) ‘ Serial I/O ¥ — F#{#,2M /¥4 + S-RAM %%
REE# RITEE(E» #F, @ — s, 3 —) (Pitch/roll/yaw angles) Bz 4 ¥ 7% b 2A—% (Sunphotometer)
B/ 7 | HFEMZEIE (%) TKK VG-40/DG-51 RIEEHR HEREEHE X (Spectral optical thickness)
~STEER 8/ € 7 | 2L ¥H (#%) EKO Instruments Co., MS-115
BR 28VDC TiEER + v # —:1004x300L 2kg
Rtk o7 -5V ~+5VDC ZEI8E : 450Wx200Hx340D 10kg
Er o 5 v HiiEERE (LORAN Navigator) BiR 100VAC (50/60Hz,2A) ‘
WEEH MATHLE (485 + BEE) (Position latitude/longitude) RIEAR Si photodiode sensing through interference filters
8%/ € 7 4 | Furuno F/AN-11 1k IR EA=368,421,420,502,676,760,864,938,1050nm
JrER 7 4 5 —i8 AX=-3 ~ 6nm, H/7:0 ~ 10VDC
B 28VDC i:Up 7 — ) S EEIGRS G R
Frik REEHR B R <2 b (. BE 2 AE-)
FilE P 7 —% « v #— (Data-logger) gli&/ €+ | Digilab FTS-ZOC/D
REEHR A/D (7 ~5 €=2 —) (A/D conversion) TEER SHEER : 991Wx719Dx762H mm. 226kg
s/ F 0 | ILEBEK (#) ETO Denki Co:, Thermodac32 7 — & LB : 175Wx851Dx1003H mm 499kg
THEER 420Wx160Hx470D 13kg BiR 100V, 304, 50Hz
BiR 90 ~ 240VAC (50/60Hz) MEHR =4y v FBitERW TS tE
i “Analog input 18ch (£30mV,£300mV,£3V,£30V) Hik B B RIS 4000~450cm ™!, 53 AFRE 0.125~16cm™!

Scan speed 50msec/ch

EORERE £0.01cm ™}, AISEHEE 0.1%L1 E, IBM 2= 8" 2D FD

-T2 ALT. e

=]
E=

=62 %
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A.2

MZRBME >~ » (Aircraft Observation Data)

BEF—% - F41L 27 FY— (Observational Data Directory)

( PMS 2D-C itk -»TE5 1
KERTFROA—FIE—)

1990/12/16 10:53-13:25

BHE (B 3% REEH LGEEE ¥—5 OH PR Zofh
RERBN 7~ 2 MCP, Hffit | StEH759 2 | HWIAF—7 1987/09/19, 20, 21 HRER YERCERLE
(MS-42, MS- | =z, KIBiEt7 5 » 1989/03/28, 29, 30 (&1&) F—s oft. 5
(MIZRBR 257 4 & LT— | 801), RIAEES | 7 %, Hobhs 7 1989/12/20, 21, 22 DO H AR 7 —
BRBLIBHET—2, K&7 | it (PIR, MS- | 557 X, %K 1990/12/13, 14, 16 s (&EF—75) b
074 MF—5, RITF—2 ) | 200), BBFH | HME, BEHEE, RESHhTVWE,
stEgat, At | Bkl K& &
REER, BKR | B RE, §E, R
i, BBERHERE | fTHE, ¥y FA,
i, [REH & | v—nA, 2-H
BERt, BhRRIE
A ®E
T FARLEL € /9 — (FSSP) i | FSSP BN FORENY (3.5 4 ~F FD, # | 1990/12/10 12:21-12:58 | /K% &
& BRI MEE (1/cc, 6pm | 4MB, 7+ x M2 | 1990/12/13 10:36-11:43, | (MEKR)
) X, B% (653 50), | 12:01-12:54
( FSSP ic X BRI BFINFH & ' M KUEEE (kt), %L | 1990/12/14 10:47-12:31
S EUKEE (TAS) & SEBL EFIBREE (1/cc) | 1990/12/16 10:53-13:25
fohi RBIEIREE )
THIF A #— P+ 4 — (PMS | 2D-C BHTFE 7Y vy —Hik 1990/12/10 12:21-12:58 | 7k & 2D #— s B
2D-C) it X 3 BRI F§ 1990/12/13 10:36-12:54¢ | (MEKR) | o7~ 5 ZBHF
1990/12/14 10:47-12:31 iR w5 A

( SDAP ver.3.1 )

| emEts s

L0 BRFEE
PAE R TP

22 3R F: 41 S

62 %
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BB — 2 (o5 %) (Aircraft Observation Daté (continued))

BHE () s RIEER EHEHR ¥ — 5 D HE HYE Z Dflh
EBH F v F 4 fl E #|AVIOM-C KRN BHMRE | 3.5 4 7 FD, # | 1990/12/10 12:25-12:26 | /kKEF &
& ( AVIOM-C ) it X 3 E% (1/cc, 8um £§) 330kB, 7+ X b | 1990/12/13 10:42-12:48 | (MEXR)
B BE TrdAn 1990/12/14 11:00-12:22
B (B 43F), HI | 1990/12/16 10:17-13:28
( AVIOM-C iz & 2 BRI TEifR EBIHRE (1/cc)
B O U BRUKREE )
|BHF YT A4 NEE|AVIOMC RHFEIE EFEy—7 1989/03/28 13:45-14:33 | AR &
& ( AVIOM-C ) It X35 F 15 &, VHS 1989/03/29 10:46-12:43 | K%} &
iy 1989/03/30 11:18-13:14

(AVIOM-C itk » TR &h
RENFOEGERE Lo
*7F—7")

1989/03/30 13:14-14:01
1989/12/20 11:36-13:18
1989/12/21 11:01-13:25
1989/12/22 12:08-12:39
1989/12/22 10:22-11:46
1989/12/23 11:45-12:10
1990/12/10 12:23-12:58
1990/12/13 10:42-12:40
1990/12/13 12:40-12:54
1990/12/14 10:49-13:03
1990/12/16 10:15-12:45
1990/12/16 13:16-13:28

(MEZR)

G661 = 625 SREUMIEWIE g
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Hh R ARG 7 — 5 (Ground-based Observation Data)

R (R e MEEH eHRR ¥— 4 oH i Z oflh
‘Y F/ v (HYVIS) ic &k 3 | HYVIS EBEBLEZ Y A4, | EFEF—T, 1987/12/11 12:11 ~ H_EIEME
FRIMREE ERHRE, JUR - | BRERORE X ~ | 1989/06/22 11:05 ~ K%
BEOMESN | 2 b AoFK (1989 | 1989/06/30 10:44 ~ | (MEKR)
(HYVIS it & » THflla hic £ 6 A 22 H, 30 | 1989/06/30 12:54 ~
BRIMIRE R UERIRT &7 4 H) 1990/10/29 16:58 ~
) ' 1990/11/01 16:51 ~
1990/11/19 12:05 ~
[EBEKG] 54 7 —870 veE—3545— | BEEGE, b |54 7 2HDFD, | 1987/12/11 10:25-14:05 | PITF &
(694.3nm) DETEEE, BE | MS-DOS ASCII | 1989/06/22 08:50-12:12 | BEAEX
YAG 54— [# 1km »SBH| o—4 v+ 7 | 1989/06/30 10:25-13:28 | (KRB HE -
(532nm) ¥ COMBERD | 740, 1990/10/29 15:58-18:25 | #ifll v = 7
B ToTr 40, | 70774012 |1990/11/01 15:29-18:05 | &)
| TEEIBARAR | Bkl 740
(:1::4 '
g 7 — 25 S EE B | SRERKGEE, | 3.5 4 ~F 2HD | 1989/06/22 09:00-12:59 | EHEH
i, MCP, 2 | 5#E875» 2 |FD, #+ 2 FER | 1989/06/30 10:26-13:59 | (Kf&)
(HhEHRR > X 76 & LT | REHFH (MS- | X, KBS 7 5 | Bz, SYER 1990/10/29 17:00-18:20
LIS T—25 ) 801), RAME | » 7 X, FABMSH 1990/11/01 16:00-17:40
¢ (PIR), 4 | 7 5 » 7 %, #H 1990/11/19 11:10-13:30
e 10pm HHksd '

BRI U2 4

& 67 5%
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Hi - 8IS — 5 (o5 %) (Ground-based Observation Data (continued))

arlE (B iUk RIEEH# EREETS 5 7— % O HB BAE Zofth
EbLSOHHER~<I b 7— Y 2FERT | BEEKEICLZE |54 7 2HDFD, | 1989/6/22 EREL
[ 2 lin: D ARG ASCII 7 7 4 1 10:40-12:00 (5 2 fEfR) | (MESR)
( 800 ~ 1200cm~t iz &1} 38 | (Digilab FTS- 12:00-12:45 (15 S} EIF8) | PILLBATE
S DHER NS b 20C/D) - 12:45-13:15 (5 3 fE1RR) | (RE)
1989/6/30
10:47

10:50-11:45 (5 43 FIR)
11:50-12:50 (15 53 FiIRs)
12:55-13:50 (5 43 FAIFR)
1890/10/29

17:00-18:20 (10 53 f5IR%)
1990/11/01

16:11

16:20-17:50 (10 43 [HIF3)
1990/11/19

11:10-13:30 (10 43 [EIME)

g U2 2 AT T

& 62 5%
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BISREEF— 4 (GMS data)

NOAA #iE7— % (HRPT data)

# HH BRI R (2) #WEZ
1987 9.19 032 , GMS-3
9.20 03Z, 04Z, 05Z GMS-3
9.21 02Z, 03Z, 04Z GMS-3
1989  3.28 05Z, 06Z | GMS-3
3.29 03Z, 042 GMS-3
3.30 03Z, 04Z, 05Z GMS-3
1989 12.20 02Z, 032, 04Z, 05Z GMS-4
12.21 02Z, 03Z, 042 GMS-4
12.22 | 01Z, 02Z, 032, 04Z GMS-4
1990 12.13 02Z, 03Z, 04Z, 05Z GMS-4
12.14 02Z, 03Z, 04Z GMS-4
12.16 | 01Z, 02Z, 03Z, 04Z, 05Z GMS-4

Dataset Name

Infrared: IRyymmdd.Zhh, Visible: VSyymmdd.Zhh
yy: year, mm: month, dd: day, hh:hour(UTC) -

£ A H|ZEH| HEZ Rz
1987  9.19 | 05:43Z | NOAA-9 | AiZesisnal
9.20 | 05:32Z | NOAA-9 | #iZe#ssnnl
9.20 | 05:21Z | NOAA-9 | AZS##RI
1987 12,11 | 05:51Z | NOAA-9 | ith E§R#]
1989  3.28 | 03:40Z | NOAA-11 | #iZE#E R
3.29 | 03:20Z | NOAA-11 | i8R
3.30 | 03:20Z | NOAA-11 | ARZE# 85
1989  6.22 | 04:03Z | NOAA-11 | #h_E$3#1
6.29 | 23:21Z | NOAA-10 | it L%
6.30 | 04:22Z | NOAA-11 | #h ¥R
1989 12.20 | 04:23Z | NOAA-11 | AZ=#EI8
"12.21 | 04:12Z | NOAA-11 | AZEsdsan
12.22 | 04:01Z | NOAA-11 | ARZEse iR
12.23 | 03:51Z | NOAA-11 | fiZes#senml
1990 10.29 | 04:44Z | NOAA-11 | Hh L§841
10.29 | 08:55Z | NOAA-10 | i -84
11. 1} 04:10Z | NOAA-11 | i F§3H
11. 1| 09:26Z | NOAA-10 | ith g
11.19 | 04:12Z | NOAA-11 | #i_L$3#
1990 12.13 | 04:49Z | NOAA-11 | MiZE# I
12.14 | 04:38Z | NOAA-11 | #iZE#einl
12.15 | 04:26Z | NOAA-11 | fiZ#EAHI
12.16 | 04:15Z | NOAA-11 | fiZe#ennl

ST

560 %
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MERBRIE S 4 7 —-7

(wi: 8% F: FAH V:VES 5 -7, f: f5~7,8:8mm ¥4 5—7")

& % F 404 (C404)

x7uawry 685 (AC68S5)

£ AHH B 5 B
1987 9.19 | By EH-HW L-N\XE 10:21-12:23, 12:23-13:27 | #i, V
10:22-13:25 T, B
9.20 | AXE~HR-A\XEB 10:56-12:59, 12:59-14:58 | &, V
10:57-13:58, 13:58-14:57 | |, 8
9.21 FNA\XB—-HAl-E, K 09:59-12:43, 12:44-15:10 | B, V
10:04-13:00, 13:00-15:10 | F, A
1989 3.28 | A\R—/N\XERE—-/N\LB 11:15-13:30, 13:35-14:45 | #, V | 10:55-13:51, 13:53-15:00 | &1, A
) 10:55-13:50, 13:51-15:00 { F, #
329 [ AXB-N\XBEEE-N\XE | 10:02-13:15 i, V | 10:01-12:51, 13:02-13:47 | i, B
10:01-12:50, 12:55-13:46 | F, 8
330 | AXE-AR 10:50-15:00 #i, v | 10:26-13:41 #i, 8
' 10:26-13:41 8
1989 12.20 | A\B—&H Y B\ E 09:46-11:45, 11:46-13:40 | #ij, B | 10:41-12:34, 12:35-13:46 | @, V
10:41-12:34, 12:34-13:46 | F, 8
12.21 | \XB—-N\XBHREHEL 09:40-11:35, 11:35-13:30 | 5, # | 09:45-11:43, 11:44-13:43 | &ij, V
IS S-S v E ‘ 09:45-11:43, 11:43-13:43 | F, §
12.22 | AL B—/\XBHGEL 09:30-11:38, 11:40-12:45 | §, 8 | 09:35-11:35, 11:36-13:15 | §i, V
NELB—-HEHL 09:35-11:35, 11:35-13:12 | F, 8
1990 12.13 [ \XB-ER L-\XE 10:00-12:10, 12:19-12:53 | §i, § | 09:37-11:35, 11:36-13:40 | TF, A
10:25-12:29, 12:37-13:55 | #i, 8
1214 | \XB-ERE-AXE 09:34-11:35, 11:36-13:07 | Hi, 8 | 09:24-11:28, 11:29-12:47 | T, 4
12.16 | N\ E—FHEL-/\XE 09:50-11:45, 11:45-13:40 | &, 8 | 09:33-11:41, 11:55-13:33 | F, A

10:14-12:18

i, 8

i A AT

[=]
T

26z
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A.3 BF % OB R
(List of Publications)

G 0

Asano, S. and A. Uchiyama, 1987 . Application of an extended ESFT method to calculation of
solar heating rates by water vapor absorption. J. Quant. Spectrosc. Radiat. Transfer, 38, 147~
158. '

Murakami, M., T. Matsuo, T. Nakayama and T. Tanaka, 1987 Development of cloud particle
video sonde. J. Met. Soc. Japan, 65, 803-809.

Uchino, O., I. Tabata, K. Kai and Y. Okada, 1988 : Polarization properties of middle and high level
clouds observed by lidar. J. Met. Soc. Japan, 66, 607-616.

Kobayashi, T., 1988 ! Parameterization of reflectivity for broken cloud fields. /. Atmos. Sci., 45,
3034-3045. ;

Kobayashi, T., 1989 . Radiative properties of finite cloud fields over a reflecting surface. J. Atmos.
Sci., 46, 2208-2214.

Shibata, K. and T. Aoki, 1989 . An infrared radiative scheme for the numerical models of weather
and climate. J. Geophy. Res., 94, 14923-14943.

Asano, S. and M. Shiobara, 1989 : Aircraft measurements of the radiative effects of tropospheric
aerosols . I. Observational results of radiation budget. /. Met. Soc. Japan, 67, 847-861.

Asano, S., 1989 Aircraft measurements of the radiative effects of tropospheric aerosols : [ .
Estimation of aerosol optical properties. J. Met. Soc. Japan, 67, 1023-1034.

Shibata, K., 1989 . An economical scheme for the vertical integral of atmospheric emission in
longwaife radiative transfer. J. Met. Soc. Japan, 67, 1047-1055.

Tanaka, T., T. Matsuo, K. Okada, I. Ichimura, S. Ichikawa and A. Tokuda, 1989 . An airborne
video- microscope for measuring cloud particles. Elsevier Science Publishers B. V., Atmos.
Research, 24, 71-80.

Aoki, T. and K. Shibata, 1990 : Some developmets of the method to apply band models to an
inhomogeneous atmosphere. J. Met. Soc. Japan, 68, 385-394.

Murakami, M. and T. Matsuo, 1990 : Development of hydrometeor video sonde (HYVIS). J.
Atmos. Ocean Tech., 7, 613-620.

Shiobara, M. et al., 1991 . Aerosol monitoring using a scanning spectral radiometer in Sendai,
Japan. J. Met. Soc. Japan, 69, 57-70.

Uchiyama, A., 1991 : Line-by-line computation of the atmospheric absorption spectrum using the

decomposed Voigt line shape. J. Quant. Spectrosc. Radiat. Transfer (in print).

(BB - HESO
BEE=, 1987 | ZOMSHBROERBN L D < 2 HRORY. WERH (KEF), 54, 147-157
BEFIE—, 1988 N I BECHESh n—Hg. XK (HAZS%2), 35, 326-328.
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KEF & - PR - A LIER - (HRZFRI, 1991 BHF Y v 7 OMR. KK (AXRKSE¥L), 38, 5-9.

Asano, S. et al., 1990 : Field experiments and theoretical modeling of cloud-radiation processes : Program
and preliminary results. Progress Report of WCRP in Japan, Japanese WCRP Association (WCRP #
#2£), 83-91.

G&E B

R EICEE - spIl & - REASARS - FARBEE, 1987 | BEROBMHOBEBAWFEROWRI. ENTV VT DM
#. OARG#RINTEERFASHITRE.

A& - MEFX - TINTARRR, fit, 1987 ! ZEROBEHOBESBENFEOMED . MESHER FHlEk
BORE. HAKSFRIBTEERZAESHHRTHRE.

B - SREFHE - b E=FTF, 1987 | EROHHOBRABMTFEOTIE . MEBC L 5EN=—n
YNMEBHFERCOWT. HAREERIBTFEESFALHRTRE.

BREEZ - BEER - KM= B %, 1987 BERUCHHOKRASRNTHEOTEY . MR L 5ED
SIHHBE . HARGFERIBTEERFASEH/TRE.

REFIE— - PLLBITE, 1987 © KR X 5 KBS INBE Ol . HAREFRIBTEEEFTASHBHTHE.

LEEE - EARBE, 1987 RERHOAT 2 2 ) €= 3 (). BAREYRINIEEEFEASHEETRH
£.

SEHYEE - BARME, 1987 BEBEHD T 2 2 ) ¥~ 3 V(). BEAREFLINTEERERALERTH
%.

HE & i Ih - FEEK, 1987 54 4~ X 2 E0ENIET5HIER). BARSES198TEERK
FREBHATRE.

BIFIEZ, 1987 | KEFIRATIC 3610 5 2 & BUHBTZ O BAR & F7i. WCRP @& L MWCRP © v v A
BERE [REFROBR L FFRORE], 41-46.

RE £, 1988 51 X~ XHEOMMEN. BEEMALTREERASF MERLE2EEGER.

SRHTEE - BARBE, 1988 REBH O AT 2 2 ) E— v 3 V(). AAKRELSIBSEERZALSHEETH
#. ‘

PILLBAE - JREFIE—, 1988 : MHBE k-H MR L 5 RHBEAKDOBHA MBEDH B >WT. HAZKR¥ S
1988 FEHRFAFHEHTRE.

BERES - REFE— - FR=, 1988 BREOKEEOMEREN. HARSEL1EERFASHE
HYRE.

HPEgE, WCRP [EMIMESENITL, 1988 ERN FEFABEME CRLBRBRENEKE. FAKEXS
1988 EREFAIBHTHE.

W & - Him - BEFK, 1988 54 F — W L HEORNBY. 2BV —F—2v v v Iy v RY
v & (R FR%E, 17-18.

Uchino, O., K. Kai and I. Tabata, 1988 . Characteristics of middle- and high-level clouds observed by
polarization lidar. 14th International Laser Radar Conference Abstracts, 37-40.

Tanaka, T., T. Matsuo, K. Okada et al., 1988 . A new airborne device for measurement of clouds

particles using video- microscope. [0th International Cloud Physics Conference Proceedings
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(1988.8.15-20), Bad Hamburg, FRG.

Murakami, M. and T. Matsuo, 1988 : Development of hydrometeor video sonde. 10th International Cloud
Physics Conference Proceedings (1988.8.15-20), Bad Hamburg, FRG.

BEE- - ERER, 1988 A= — = VA OBEHII R OMBREN . JETRATI8EEH AR
&3k, 204-214.

BREET - [B-Bat] B —7, 1988 | B & RS OPRBEEICOVC. KEWAATI8FEENRREES
86, 215-224.

IIREEA, 1988 D BRBHOMPRKHEENE . KRITEIT1988FEP IR 278, 225-234.

HEER  HHH= - BREFE_ - WUE, 1988 FRBEOCOEE & KEHR——I19874 9 A O Mz eifl—
—. BARSER198FEMKERESTFRE.

PILLBATE - IREFIE—, 1988 : Line-by-Line ¥z & 2 BB, MHMHEOHEHICOWT. BARG¥ES
1988FEMFALTRE.

PREA, 1988 1 HFIREBH OB R HFEWQ)—RARFNOFE—. HARLFRIEEKFAS
FHE.

HEHA=, 1988 ! KPHMCF—HLBOBSEFCOWT. BRAREFS 1988$Eﬂ$kA?h%

BRER  BEFH=- - BREE= - WILEHE, 1989 FREEZEOER & EHE(T)
BEH—. AAXSFR1BIFEEEFEFEASTRE.

HEH#= - RPE" - BRES - WILUHE, 1989 BREONPEE & EEEESEYE. AARKSL%41989
FERFASTRE.

BEE— - BRER, 1989 ! Rl —» VL OBHIZHROBH. BAREERINBIFEEFFAETR
#.

ML, 1989 | HELBRE S LAMROBREREC OV T, BARESL1BIEERFAETRE.

AKX, 1989 3RTCHSHEED DOM . HAKE¥21BIEEKEALTRE.

ERESR - REE= - BEEH= - pIUsiE, 1989 1 2BARRTC & 5 BREO RSN HH. WCRP 3%
£ WCRP 3 [E> v AR Y A#ESE, 139-145.

HEH= - BERESR - BEFE" - WL, 1989 Sl & 0 BRI BREOKFRELE. WCRP
FS WCRP F 3> v AP v AfESE, 146-149. . .

HF#H= - EREE - REFE= - WILBHE, 1989 | FEEEOCHIHINE. WCRP’ﬁﬁAWCRP% 3E> v
AR afiEE, 150-151. . i

LS - RFIE= - BRE# - A= - BUEIEX, 1989 BHEOKIIK THALE. WCRP B
WCRP 2 3 |y v AR oy a@EE, 152-164. o

HRES - RFE—= - A TR - FIFFER, 1990 ¥V 2y - F— aBRAMSErORTESE OMR L
F— A ROERL. HAKZEERIFEREFAKSTRE.

BREFE— - BRER, 1990 SWR7 7 » 7 ARSRAEIC L 2EWH AT 2 2 OHEE. EZKé:«%?AlQQO
FERFALTRE.

EHH= - HREER, 1990  MIERZOBEBHICOWT. BARSRELSIEERFASTRHE.

BIRER - REBE" - KEBEA= - PSS - RS - |h&8E, 1990 | BRE O BAHRM: O #2288 HI(0)
—19894F 3 H D 2 EAHIBHN—- BARLESIVVEEEFTALSTRE.
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ERA= - WILBE - HERES - BEFFE, 1990 : NOAA/AVHRR/CH3 L L B2EDV E— VvV 7,
HASSFRINVFEEREFAXTRE.

NE & KBEFR - B - SWUE= - FR B - REH4E, 1990 - ECLIPS(D) | K&PHC B0 2 8.
HARZFEZIEERFRSTRE.

KEFK - A & - Huh Th - BEBRZE - PEFK, 1990 ECLIPS(D): 54 F— kK X5 REMBREOE
DEW. BAKSFS190FEEEFETASTRRE.

BILE= - N & - KEPFR - B% 35, 19901 54 & — - FABSFHC I 2BOKMRAE. HAKE
FRIFEFRFASTRE.

Takano, Y., K--N. Liou, S. Asano, A. Heymsfield and P. Minnis, 1990 : The effects of small ice crystals
on the infrared radiative properties of cirrus clouds. Proceedings of 7th Conference on Atmospheric
Radiation (1990.7.23-27), San Fran Cisco Calif., (American Meteorological Society), 374-377.

HRES - REE— - BNEHH - ARBEE, 1990 © BEEOBE - EWHE: % O fi 22 B8 H—AVIOM -
FSSP - KING i L 2 EXKBEDOHE—— HARRF¥KIEEKSBASTRE.

KE & - SR - A EIEEE - [UEZFAI, 1990 - HYVIS I L 2 &BEONMEEOBH. AXKE¥S
1990FERB A S TRIE. '

R - KT &, 1990 I BEZOHRCHET IHEER. BAKS¥S190EERFTASTRE.

HRER, 1990 0 =7V —FABSE OWERE. HEAIZFRIOFEEREALTRE.

NREEA, 1990 | AIRERE D4 Radiance % — v, BAKZRFERINFEERFEARTRE.

HREFIE—fth, 1990 : The effects of small ice crystals on the infrared radiative properties of cirrus clouds.
HARZF 190 FERFERSTRE.

HEF#=, 1990 : NOAA/AVHRR/CH3 TRIEDOHE. BAREFRINEEREALTRHRE.

AL - ST LB 2 v — 7, 1990 1 k@R CSBE) OHi LEWIcDO\T. WCRP B#L% 4 E
WCRP v~ v Ay s (11H260~11H28H) WCRPF 4[Ev v R v asdksE, 219-227.

A&, 19901 7 €4 2 (AVIOM-C) iz X 2R FHIE. WCRP #a<x WCRP 4 51> v Ao v A (11
H26H~11/28R) £ 4B WCRP v v Ry afifhdE, 228-234.

HREFE= - BIFER, 1991 BWR7 7 v 7 ARMEBHEC L H2EZWHEAT 2 2 OHET . BAKE L KER
DUE. ARAREFRINVIECEREFALTRE.

HRER - REFIE" - I, 1991 v 7 5 b 2 - 2B L 52BBEBORENES . HAREES
191FEHRFRLTHLE. .

R - HRESR - BEE- - BHEERL, 1991 B E2 SEH L cSBEORMN L0 m MOBSHFYE (B
BEHHE) . HAKEZRINIFEEEFTKETRE.

IMRBEA, 1991  BREBORKRINGHHE. AARKERIVIFEEREASTRE.

SEFWEE - NILBEE, 1991 @ RIBBEXRRIC KT 5 d-stream SALIC DWT. H AR FEL19IEEKE
KRR TR,

HIFH= - MU, 1991 | KEBSERRN F OBERE ORI DWW T, HAREE X199 EK
FRETHRE.

HIFHR= - WRES - REIE= - MILDIE, 1991 | 22BN X 5 BEER O MmP ba 4 E  fRAT .
HAKSLFS19EERFEASTRE.
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KE B - BRI, IELEs BHlsr—7, 1991 D ZEEE— 4 CTKLLBEEDOEWER
¥, HASZZR1VIFERFRETHRE.

PILLIBETE, 1991 : @2 D10xm Split window IZDWT. HARRESIVIFEEKERETRE.

ML - IREFIE " - SRIBIER, 1991 | BEEORWEE L M0 mIKO RS (B OBHE L Hiw
AREEOHED . AARKERINIFEKFIASTHRE.
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RNy 2779V PRIGEOWUEEDFE BIRBEEXKIG RV, 1978)
Development of Monitoring Techniques for Global Background Air Pollution
(MRI Special Research Group on Global Atmospheric Pollution, 1978)

FEE KL O HBAE BN W BRB O TR GREXILBFZRES, 1979)
Investigation of Ground Movement and Geothermal State of Main Active
Volcanoes in Japan (Seismology and Volcanology Research Division, 1979)
FPFRAERMBECHR S M REBUAGE R TEFES - a2 - 5 &
- R 1, 1979

On the Meteorological Tower and Its Observational System at Tsukuba
Science City (T. Hanafusa, T. Fujitani, N. Banno and H. Uozu, 1979)

TR RERBIN > 2 7 4 OBAF CGHEXILFIZEE, 1980

Permanent Ocean-Bottom Seismograph Observation System (Seismology and
Volcanology Research Division, 1980)

AN AR K—A400m (X43500m) ¥ & 1000m¥E—— (1934-19434F K 01954~
19804F) (¥gFERFZEAB, 1981

Horizontal Distribution of Temperature in 400m (or 500m) and 1000m Depth
in Sea South of Honshu, Japan and Western-North Pacific Ocean from 1934
to 1943 and from 1954 to 1980 (Oceanographical Research Division, 1981)
BIBEA Y v BB O h 5 KIS B LOCRSHHOBN (REWEPRI,
1982)

Observations of the Atmospheric Constituents Related to the Stratospheric
Ozone Depletion and the Ultraviolet Radiation (Upper Atmosphere Physics
Research Division, 1982)

83T AT DA% R KILPIFEEE, 1983)

Strong-Motion Seismograph Model 83 for the Japan Meteorological Agency
Network (Seismology and Volcanology Research Division, 1983)

KERA BT 2R ORBBRL BT 508 (WEKLWRTE, 1980

The Study of Melting of Snowflakes in the Atmosphere (Physical
Meteorology Research Division, 1984)

AT BT M 1) A ¥R EEBL GRR A LBFZRER - ¥eFeprses, 1984
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Bottom Pressure Observation South off Omaezaki, Central Honshu
(Seismology and Volcanology Research Division and Oceanographical
Research Division, 1984)

AARMIEDOEREDHET (FE|PFIEL, 1980

Statistics on Cyclones around Japan (Forecast Research Division, 1984)
R & KRTERWE ORI BT 558 USHREPIEE, 1980

Observations and Numerical Experiments on Local Circulation and Medium-
Range Transport of Air Pollutions (Applied Meteorology Research Division,
1984)

KITEBBERERCET 558 CGhR KL, 1980

Investigation on the Techniques for Volcanic Activity Surveillance
(Seismology and Volcanology Research Division, 1984)
KETFRTALATERTFA-1 (MRI- GCM- 1) (FHPF5EH, 1984)

A Description of the MRI Atmospheric General Circulation Model (The
MRI-GCM- 1) (Forecast Research Division, 1984)
BROBEOLE(L L BEICBIT 5 PHe—BBT9160—4— (RERFF%T, 1085)

A Study on the Changes of the Three- Dimensional Structure and the
Movement Speed of the Typhoon Through Its Life Time (Typhoon
Research Division, 1985) A

BAR#EH €7 4+ MR & MRI- T OMREHBHE—FT B RRE— @HEPER,

- 1985)

An Intercomparison Study between the Wave Models MRI and MRI- [ —

ACompilation of Results (Oceanographical Research Division, 1985)
T ANCBI T 5 SRR R CEARIIPTE iR KIUBFSEER, 1985)

Study on Earthquake Prediction by Geophysical Method (Seismology and
Volcanology Research Division, 1985) '

ek £ AP RERRER (FHRPIZEER, 1986)

Maps of Monthly Mean Surface Temperature Anomalies over the Northern
Hemisphere for 1891-1981 (Forecast Research Division, 1986)

HEAROWE ERWENAES - KLEEWES - THRHEE - HAKBHT,
1986) '

Studies of the Middle Atmosphere (Upper Atmosphere Physics Research

Division, Meteorological Satellite Research Division, Forecast Research
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Division, MRI and the Magnetic Observatory, 1986) ,

Fo 79— —X-ICIBRZ - BREOMR (KEMEVIFEL - ARPIZER - FTHIZR
B - JCAKEPIIER - YRS ES, 1986)

Studies on Meteorological and Sea Surface Phenomena 'by Doppler Radar
(Meteorological Satellite Research Division, Typhoon Research Division,
Forecast Resgarch Division, Applied Meteoroldgy Research Division and
Oceanographical Research Division, 1986)

TG BRT AR TATER T 7/ (MRI- GCM- 1) & £ % 126FMORS (FRH%
#, 1986) | |

Mean Statistics of the Tropospheric MRI - GCM- [ based on 12-year
Integration (Forecast Research Division, 1986)

FEHRR P F5REE1983-1986 (BB WERPFSLEE, 198T)

Multi— Directional Cosmic Ray Meson Intensity 1983-1986 (Upper
Atmosgphere Physics Research Division, 1987)

FERGHERE (0 b)) HROEAEMEST — 21 &3 S HAEB ORI 25
g8 (HEEKILIBFZEE, 1987) |
Study on Analyses of Volcanic Eruptions based on Eruption Cloud Image
Data Obtained by the Geostationary Meteorological Satellite (GMS)
(Seismology and Volcanology Research Division, 1987)

* k= 7 TSR (BIREHE - EERTT, 1988)

Marine Climatological Atlas of the Sea of Okhotsk (Y. Shinohara and N.
Shikama, 1988)

WHATERE T VOGRS RECH T 5 KFFEOREERR BHEHRER,
1989)

Response Experiment of Pacific Ocean to Anomalous Wind Stress with
Ocean General Circulation Model (Oceanographical Research Division, 1989)
KPR BT BHEREROFH PSS (B, 1989

Seasonal Mean Distribution of Sea Properties in the Pacific (Oceanographi-
cal Research Division, 1989)

WEMKBREDT — & ~— 2 HRALPFZE, 1990

Database of Earthquake Precursors (Seismology and Volcanology Research
Division, 1990)

W BT SR OREK > 2 7 o DM (BRFTFERE, 199D
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Characteristics of Precipitation Systems during the Baiu Season in the
Okinawa Area (Typhoon Research Division, 1991)

KEWHFERT « FHPIERM CHR S hicIrfRE £ 7 v GEICH - FkfimE, 1991
Description of a Nonhydrostatic Model Developed at the Forecast Research
Department of the MRI (M. Ikawa and K. Saito, 1991)



= &8 B OE
1946 (HEAN21) 4ERSr

moRI% B M &

F O#® B o & B oK BHN B A
% & #Fos B & B A F R
& R W o B ok X 7 1
WE X EWREK # K B X R I
ERR g RR ® & % | F =
XEHE-BA
VAT AR B & H & 2 B
HOE KB B EROBEE ¥ EF KB
wOF W R B W & % #H T R
HBR AL OB B E B E EHE F K
SREMEFTKRMBHSE
mEZRE % 1 E R
W % £ R = A & X & A 3 2 & &
BBk % Mo B A EI e
"B F X PE i3 F N i
F B Rk R & @ BOE E A

KEFRPBMHREL, 1978 (RIS EOFFILLE, KEWEFTLBEDORERTTHHITHTHY, &
&oF, WY, WEET OMBEEOHMRBED SISV TREMNRTBE LB ARRCE L, Bfi%
5, BHERES ICRERELEET 5.

KEMANBHRE OREL, MEZTREHITO. MERARIFEROBROWELHET 5,

FHECBB IR DOEFRIREMATCRET 5. ARCBRIWIH/I 2T BT840, Wi
IR T hEKEPIRMOMELLE L Lisy, KECBRINCHLOER I —HrEE, ER, BR,
H2VRETOMCHMET 2EET, AR, ¥H, BECERT2H62RE, KEWETOFFHELB R
Fhuiebigw,

KEPRPTEM#HYG ISSN  0386-4049
%= 29 5
PR A3 A25H BT
W E R

Prax]
%??%‘i - 7% Ar

T305 KBRS EHREL -1
TEL. (0298)51-7111

BRI PT BRedt = U — + F ORI
T300-12 KRR A TR HIET 3269




