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1. Introduction

Extensive efforts have been paid in the last decade for understanding the mechanism of

global change processes due to anthropogenic increase of greenhose gases and air pollutants. Two

observations have been recognized recentely as significant in the problem. One is the recognition

that global warming simulations by climate models systematically overestimate the observed

record of surface temperature in the last one hundred years. A cooling effect of anthropogenic

aerosols has been regarded as one of main causes for the discrepancies (Mitchell et al., 1995).

Another observation is that a number of satellite remote sensing studies have provided

examples of global scale signatures of aerosols and clouds modulating the earth's climate system.

NOAA operational aerosol products have shown a large stratospheric aerosol development

(Stowe et al.,1992), Saharan soil-derived aerosols and South African smokes due to biomass

burning, and TOMS detected a large amount of biomass burning aerosols over land areas

(Herman, 1995). Han et al. ( I 994) have found a global scale change in the cloud effective particle

radius over continental regions, that may be a results of interaction of clouds with dense

continental aerosols. Ramanathan and Collins ( 1991) have segested that the tropical sea surface

temperature (SST) can be stabilized by SST-cimrs coupling.

Our next step to take with the above mentioned significan heritage will be to evaluate more

quantitatively the observed phenomena with more data analyses and more realistic modelling . In

this paper we will discuss the role of aerosols and clouds in climate change processes with our

analyses of satellite data.

2. An aerosol microphysics retrieval

Figure I shows are ten day composites of the aerosol optical thickness and Angstrom

exponent as retrieved from NOAA/AVHRR for July, 1988 data set. The two channel algorithm of

Nakajima et al. ( 1996) and Higurashi and Nakajima ( 1996) with channel- I and -2 radrances of

AVHRR have been used for the analyses. The figure shows that soil-derived aerosols over oceans

off Saharan and Middle East arid areas are main contributors of shortwave radiative forcing of

aerosols. Another interesting feature in Fig. I is that although optically thin the regions around

large cities such as New York city are detected as a region with large Angstcim exponent values.

This suggests that small aerosol particles are generated by active gas-to-particle conversion

process around those regions due to air pollution, although it is possible to detect mistakenly

turbid water around large rivers as aerosols. If we compare our optical thickenss values with those

from the NOAA operational algorithm, it is tound that the NOAA optical thickness is smaller than
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Fig.  I  Aerosol  opt ical  th ickness and Angstrdm exponent as retr ieved from a two channel

algorithm with NOAA/AVHRR radiometer data. Ten days composits of July, 1988.

our resutls by factor of 2 in some regions. The two algorithms are ditferent in several points. The

NOAA algori thm is one channel algonthm whereas ours is of two channels. We have adopted

absorption aerosols with more realistics sea surface boundery condition than NOAA algorithm,

which is generated by a comprehensive radiat ive t ransfer package R-stur,  an assemble of

algori thms of Nakajima and Tanaka (1983, 1986, 1988) and Lowtran-7 gas absorption model.

Anyway the estimation of direct radiative torcing of aerosols will change significantly with these

results if the difference is realistic. Especiallv the radiative forcine at the eanh's surtace will have

a large effect.

3. An cloud microphysics retr ieval

Figure 2 .shorvs ten day composites of the cloud optical thickness and eftect ive part icle

radius f ie lds rv i th January.  1988 data.  For the analyses, we have modif ied the three channel

algor i thmof Naka.yimitandNakaj i rna(1995)forglobaldataanalyses r ,v i thchannel-1,-3,and-4

radiances of AVHRR. It is found from Fig. 2 that the ef-tective pzrticle radius of warm clouds with

cloud top temperature larger than 270K decreases over continental regions. This f inding is similar
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Fig.2 Cloud optical thickness and eftect ive part icle radius as retr ieved from a three channel

algorithm of NOAA/AVHRR radiometer data. Ten days composits of January, 1988.

to Han et al. (1994). However the average values of effective particle radius are l0 pm and l8 pm

over land and ocean areas, respectively, and are systematically larger by 2 pm than those of Han et

al.  Another important feature in Fi-q. 2 is that there seems no noticeable increase in the cloud

optical thickness around the penpherals of large continents. Albrecht (1989) and Nakajima and

Nakajima ( 1995) have pointed out that the cloud optical thickness will increase significantly if the

cloud layer is rich in drizzle particles. A cloud-aerosol interaction will reduce the cloud particle

size and quench the dnzzling from the cloud layer. Althou-eh not shorvn in a tigure, upper clouds

did not show a signit lcant change in part icle size over continental regions. [ t  may be suggested,

therefore, that the cloud particle reduction is a special phenomenon near the surface.

I t  is  c lear by these resul ts that  more data analyses wi l l  be needed to lead the f inal

conclusion for this issue.

4. Cloud statistics important for the space lidar mission

The discussion in the precedin-e sections shows that the aerosol and cloud remote sensing

are necessary for turther assessment of aerosol and cloud effects on the earth's climate formation.
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Fig. 3 Normalized cumulative cloud fract ion as a function of the cloud optical thickeness,

generated from ISCCP-C2 cloud statistics of 1986.

A spaceborne lidar will give us another independent constraint for the discussion. The optical

thicknesses of aerosols and clouds can be retrieved with the space lidar system which can be

compared with retr ievals f rom the exist ing passive radiometer techniques. With such

comparisons the Angst0m exponent and/or absorption index of aerosols can be retrieved with

better accuracy.

Figure 3 shows the normalized cumulative cloud fraction as a function of the cloud ooptical

thickness generated from ISCCP-C2 cloud statistics of 1986. According to the ISCCP statistics a

space lidar can detect 40 to 50Vo of clouds if the detection limit is assumed as an optical thickness

around 1-3. A spaceborne lidar system is, therefore, enough useful to produce an important data

set of aerosol and cloud statistics that are independent from the existing statistics which are mainly

generated from passive radiometers. It should be noted that the results of the re-analyses of

ISCCP are much different from the original statistics, especially for upper level clouds. Cloud

fraction of cirrus/cirrostratus clouds have increased from l4.2Vo to 19.6Vo due to an improvement

of the cimrs cloud detection threshould. It is also noteworthy to find from Fig. I thata the optical

thickness of aerosols is as large as I for significantly large areas of the globe.

5. A conclusion

We have shown by the discussions in the preceding sections that the recent satellite

retrievals still have a large difference among them in the estimation of the optical thickness and

particle size depending on retrieval algorithms and adopted data sets, even though those retrievals

are clearly showing significant signatures of aerosols and clouds affecting the earth's climate

formation. We will need more data analyses and careful discussion to lead clearer images on the

role of aerosols and clouds in climate change processes.
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Climate issues related
with cloud and aerosol systems

* Cloud change due to global warming?

- Cloud radiative forcing

AT: f l ,  AF )"  =l  KW-t * t ,  T = 0.5

A1 = -3.4 Wm-'  fo,  Aa, -+0.0 I  (e.g. ,An -0.01J ,  Ar -  0.076)

a=0.05+n( l

AF, - +4 Wm-'

AF, - *1 3Wm

- -6.6Wm

4,3 + 0.45r

for 2
*2 

at TOA,

-z 
at SRF

x CO,

A=0.3, f t= 0.66 )T, :5.1

ISCCP: n ' -  0.66, r ,  = 7 .0

for k - *lkm

(23.9Wmt with6Kkm-')

I  986
Stage C2 Suge D2

r 990
Suge C2 Snge D2

Nor:h polar c loud amount (%)
\v inrcr

5pnne
Sunner
Autumn

Sou*r polar c loud amount (7o)
Winter

Spnng
Summer
Aurumn

Oc:rn c loud amount (9c)

Lrnd cloud amount (7o)

Clobal  c loud amount (7o)

Tod oprical thickness

Toual prcssure (mb)

Cimry'cirrostrarus amount (7o)

Cimrr'cirrosrarus optical thic kness

Cim:r'cirrosrarus press ure (mb)

54.9
JJ.4

54.7
51.9

57.5
50. r
+t .6
55. I

7 t .2

.t6.0

61.4

8.0

600

l4. l

4. t

zE9

70.2
6i . . t
68.2
69.1

70. I
66.6
61.8
69.8

71.0

58.8

68.6

4.J

580

t9.6

3.7

258

56.7
49.8
51.5
54.7

554
49.4
49.1
56.2

68.6

45.0

61.3

6.8

580

r 5.9

4.0

281

7 t .?
72.2
66.9
69.6

69.3
68.4
7 t .2
77.2

7l . l

58.6

67.3

4.5

576

r9.0

1.6

265

Table 1.  Comparison of  C2 and D2 cloud resul ts for  1986 and l  ggo
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r Climate sensitivities

(W,LWP,P;T* f,D)

WV>Ice Albedo>Clouds>Lapse rate

Cloud oYerlaBping effect is large

t r  l2 *T r  l2 -+ a,R = 0.33

* Model cloud height distribution has
less freedom than nature

for convective clouds, cirrus clouds
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