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1. Introduction

There have been intensive studies on our earth's climate system with satellite remote
sensing techniques, motivated by the global warming issue due to increasing greenhouse
gases. The WCRP/ISCCP (the International Satellite Cloud Climatology Project) and
SRB (Surface Radiation Budget) projects, among many satellite projects, have made great
contributions by finding many important scientific facts to understanding of potential climate
changes. Ship track phenomenon found in the ISCCP/FIRE (First ISCCP Regional
Experiment) (Coakley et al., 1987) has triggered many on-going projects of studying aerosol
effects on the climate. The hypothesis of cimrs thermostat effect to stabilize the SST of
tropical ocean (Ramanathan and Colliirs, l99l) is another topic attracting scientists for
understanding the role of cimrs clouds maintaining our climate. Many field experiments,
such as Japanese WCRP/WENPEX, and European ICE/EUCREX, have made many
findings to understand the physical features of the cloud system (Hayasaka et al., 1995;
Raschke, 1994).

In spite of such findings we still have some lack of knowledge on our climate system
for improving our understanding on climate change mechanism. Many evidences of cloud-
aerosol interaction have been indirectly depicted by a cloud field change with some
exceptional cases of large aerosol concentration in which we can detect aerosols interacting
with clouds from satellites (Kaufman and Nakajima, 1993). The value of aerosol optical
thickness is less than 0.05 for most cases of important region of cloud-aerosol interaction
in marine environment. This is below the detection limit of NOAA operational product of
aerosol optical thickness. We also don't have good statistics of ice water content, which is
necessary for better simulation of cirrus effects on climate.

Many of the above mentioned problems are related with an inability of cunent satellite
instruments to sense the detailed vertical structure of cloud and aerosol fields. In this
paper, we propose a three dimensional cloud and aerosol radiation experiment using active
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satellite sensors to monitor our earth's environment.

2. L3D cloud and aerosol radiation experiment

Effectiveness of the 94 GHz Cloud Profiling Radar (CPR) has been studied by
several authors (GEWEX, 1993). According to the studies, more than 90 Vo of cloud
cover can be detected with some exceptions of very thick deep convective clouds and very
thin cimrs clouds. Recently Lite experiment has shown very impressive images of aerosol
and cloud lidar signal field showing Mie Lidar (Lidar) is useful to detect cloud and aerosol
field. Such impressive improvement in active sensor technology will make us ambitious
to imagine a coupling of the two powerful active sensors, CPR and Lidar, in the space.

Figures 1-3 show simulated received power (W/m2) of CPR and Lidar for remote
sensing of particulate constituents (water clouds, ice clouds, and aerosols) in the atmosphere
as a function of particle content'w (cm3/cm3) and particle radius r (pm). The Lidar can
cover some region which CPR cannot measure. Especially the detection of small cloud
particles and aerosols will be very important to understand the strength of cloud-aerosol
interaction. The detection limit of thin clouds by CPR is around -30 dB or 0.1 g/m3 for
nadir looking CPR with I km x 5 km resolution with 400 m height. This corresponds to
the cloud optical thickness of 1.5, whereas the lidar can detect the cloud layer with optical
thickness less than 3. Therefore, the combination of CPR and Lidar is very reasonable for
whole range cloud detection and simultaneous aerosol detection.

3. Discussion

Combining two active sensors has many merits even for other than cloud coverage
detection. The detection of cloud particle size profile is promising, since the CPR and
Lidar signal have the following size dependence:

Pcpn= Crr^ruN = crr*rtw, (1)

PL,,r"r= CuorrrzN = cuurrY, (2)
r

where N is the number concentration (/cm3). As shown in Figs. I and2, we can detect the
particle radius as a function of height if we have both data from CPR and Lidar. This is
important advantage of CPR+Lidarexperiment, since the particle radius depends on height
in realistic cloud and aerosol layers. Reduction of particle size, observed through aerosol-
cloud interaction, will also depend on the height, since the anthropogenic aerosol source is
near the surface. Especially quenching drizzle mode particles radius is an important
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phenomena to observe. We will see clearer signals of those processes from the CPR+Lidar
experiment.

4. Conclusion

We have discussed scientific importance of an active sensing mission of aerosol and cloud
constituents. A coupling of CPR and Lidar gives us useful information, such as lager
coverage of cloud and aerosol detection and cloud particle size statistics.
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Fig. I CPR and Lidar signals for water clouds with I km thickness and layer top height of
4 km. as a function of volume content (cm3/cm3) and particle radius (pm) Upper and lower
panels show signals from layer top and bottom, respectively.
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Fig.2 Same as Fig. I but for ice clouds with I km thickness and layer top height of l0 km.
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Fig. 3 Same as Fig. I but for aerosols with 1 km thickness and layer top height of I km.
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*' Gtonal warming issues
* CPR + Lidar experiment (ATMOS-BI mission)

Global warming issues
for the CPR + Lidar experiment

L. Aerosol direct forcing
aT roo = 0.04, aF = -1.3 W I m2 (Charlson et al., 1992)

2. Aerosol-cloud interaction
N/No = 1.15, AF =-1.0 W lm2 (Charlson et al.,  1992)
-0.3W lm'-  -1.5W /m2

3. Cloud top/base height artop tJ t , ATuo,, tJ z
4. Upper cloud amount/phase "II?, wi,, tJ t
t Those issues will need statistics first.
Climate effects of cirrus clouds

-56-



0   10   20   30   40   50

Cloud Optical Thickness

5     10    15    20    25

Effective Radius

カリフォルニア沖における夏期層積雲の微物理構造のリモー トセンシング。光
学的厚さ (上)と 雲粒の等価半径 (下)を AVHRRか ら求めたもの。1987年7月
10日の例。図の左側には海洋気団の影響を受けた薄く霧粒を伴った雲、右側に
は大陸性気団の影響を受けた厚く粒径が小さな雲が存在することが分かる。
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Fig' 3 Volume spectra of cloud particle polydispersion at flight distance of 32,
40 and 55 km along the center of the images shown in Fig. 2.
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.AF
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Stephens et al.(1990)
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Microphysical feedback parameter
for cirrus systems
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Radar and lidar eq.
P,: received power (wlmZlpeak); Q,: input energy (J/pulse)
c: light velocity; A: receiving area; 4: detection efficiency;
p: backscattering coeff.; Z: atmospheric transmissivity; R: distance

4=2号
f二 4

βyis～0.06σ農′∝r2Ⅳ∝二
r

βR=,4rll:::liパrT rl″,
Water      .  i

Temp  Cr   Ci   K2    ω

259.0   2.47   0。968 .0.5431 0.00184

272.0   2.73   1.37   0。 680  0.00223

Z=∫D:“(D)dD=(3″α  l

lcё                －

Cr  Ci    K2     ω

l.77  0.0028  0.174   0.0936

1.77  0。0123  0.174   0.0228

-62-



―!0 ♂

一
Ｔ
′′

チ
′

J/。 ￨°
0

０
一

Ｎ
一
ｏ
＼

�Ｎ
工
Ｏ
ｏ
一
�

、
一ぢ
〓
０
〇
一ヽ
●
∝

-50

-40

00001

Flgrure 4.  Values of
from cirrus ice part , ic le
130 aircraf  E.  [+ dat,a
di f ferent daysJ

0。0
－3.0 ・2.0     －110    0.0    1.0

ice r . raEer cont,ent (  IWC) and ref  lecEiviEy computedsize spectra observed by t ,he Meteorologr icat  Off i te c-for  two vert ical  prof i ies, .  0 daca for level  runs on

00010 '        00:00          o.looo

:ce wOter cOntent/9m－3
10000

ice clouds

- Sar$n

- 
qt3o, rtmu.

_ FIRE (-52C, 51C)

1.0_石 －3.0       －2.0       －1。0

w-r statistics of clouds

2.0 ０

　

　

　

　

　

　

　

　

　

　

　

０

３

　

　

　

　

　

　

　

　

２

��″Ｅ
ュ
�
０
コ
一０
●
�
０
一ｏ
〓̈
Ｃ
ａ
�
ｏ
ｏ
一

０

�含
ヒ
ュ
�
の
コ
一０
●
�
０
一０
〓̈
Ｇ
Ｑ
�
０
〇
一

water clouds

S●uv●Ood and Omarlcumulu●〕
C130,non－pr●●ip.,oimu.

日RE,AVHRR

log (volume content (cm3/m3))

-63-

log (volume content (cm3/m3))


