
Overview of Atmos-Bl

T. Takamura

(Chiba University)

-235-



T amio

Center for  Environmental

Overview of  Atmos-Bl

TAKAMURA

Remote Sensing, Chiba universi ty

l .  Introduct ion

Up to no\r ' .  \ \ 'c  have many kinds of  satel l i te,

operat ional  and exper imental  ones. The data

from the space give us useful  informat ion

about the atmosphere, land and ocean. A

homogeneous and global  data f rom the space

are important for  the earth environmental

research. especial l l 'over ocean and at  the polar

regions not to be accessible easi ly.  The

global  environmcntal  rescarch has been

advanced b1'using these satel l i te data for

recent several  decades

On the other hand. the enlargement of  the

human act iv i ty '  and industr ia l izat ion gives the

cr is is to the global  environment through

increase of  C02, biomass burning ,  ozone hole.

abnormal rveather phenomena such as drought,

f lood etc.  I t  is  essent ia l  to knorv rvhat

happens on the earth and rvhat is the

mechanism.

The incoming solar energy controls the earth

environment total ly ' .  therefore the stabi l izat ion

of the earth environment depends on the

radiat ion budget of  the earth The mechanism

of the interact ion between cloud/aerosol  and

the solar/ terrestr ia l  radiat ion is not so c lear.

For example.  each GCM model in the rvor ld

produces each unique resul ts for  c loud

sensi t iv i tv( l ) .  There seems to be many

reasons. one of  u 'h ich ma)- be due to an

unappropr iate c loud treatment in the GCMs

be cause of  insuff ic ient  informat ion of  c loud.

The main purpose of  thc Atmos-B I  project  is

to understand the earth-atmosphere s1'stem in

the vien'point  of  the earth radiat ion budgct

including aerosol  and cloud ef fects.  In ordcr to

cst imatc the radiat ive ef fects of  c loud and

acrosol .  thc physical  propert ies are important,

.such as opt ical  th ickness, s ize distr ibut ion,

top/bottom height of  c loud and so on.

In th is presentat ion,  the importance of

aerosol  and cloud to the radiat ion budget of  the

earth is mainly shown. Then we propose thc

nerv instrumental  system for the Atmos-B I  to

clear the radiat ive character ist ics of  aerosol

and cloud.

2.  Background of  the Atmos-Bl

For c lear sky,  the greenhouse gases consist

of  main part  of  radiat ive forc ing, as shown in

Fig.  l (2) ,  and i t  should be noted that aerosol

also have a ser ious ef fcct  to the radiat ive

forcing comparable to the greenhouse gases.

One of  the most basic parameters of  aerosol  is

the opt ical  th ickness lvhich determines the

degree of  rvarming or cool ing.  Whi le the

greenhouse gases has a posi t ive warming

general ly,  the aerosol  has both ef fects,  which

depcnd on the opt ical  charactcr ist ics of  aerosol

part ic les.  i .c .  the complex index of  refract ion

of part ic les.  Absorpt ive part ic les play a

posi t ive rol l  to the radiat ive forc ing, rvhi le

non-absorpt ive ones such as sul fate part ic les,

including cloud part ic les suppress the global

warming, i .e.  negat ive cf fect .

Aerosol  in the t roposphere has an another

funct ion through cloud forming. This ef fcct

is not c lear up to norv.

The important th ing is to know the aerosol

behavior and source/or ig in which basical ly

determines the opt ical  character ist ics,  as wel l

as the opt ical  th ickness.
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The f i rst  target

projcct  is  to gct

th icknes s.

of aerosol  in the Atmos-Bl

a global  data of  the opt ical

The cloud plavs the most important role to

the earth radiat ion budget.  Figure 2(3) shorvs

the net c loud forcing. The global  average of

the net c loud forcing is 20W/m2, rvhich may

depend stronglv on cloud amount of  middle and

higher lat i tude. Thc radiat ion budget of  the

lorv- lat i tude cloud. or ig inated from the Hadley

circulat ion.  rv i th in 35 degrees in lat i tudc,  is

relat ivelv stable through the rvhole seasons,

but on the contrar\ ' ,  the scasonal  changc of  the

shortn 'ave radiat ion budgct for  the middle and

higher lat i tude is great.  This ma1'  be caused

b1'  thc di f ference of  c loud opt ical

character ist ics including the cloud

top(bottom) height.  ice/rvater phase and so on.

Figure 3 indicates the var iat ion of  c loud

forcing of  t rvo t1 'pes of  c loud. Cirrus and

other c louds has a contrary ef fcct  to the

radiat ion budget.  in which the c i r rus

contr ibutes a part  of  g lobal  warming, resul t ing

from a l0olo increase in c loud amount.

We can understand the importance of  c loud

t) 'pe,  top/bottom height as rvel l  as opt ical

th ickness. In the Atmos-B I  project ,  these

parameters rv i l l  be observed using act ive and

passivc sensors.

3.  Requirements of  Sensors

The Atmos-B I  team has proposed trvo ncw

sensors to implement the scient i f ic  objects,  a

space l idar and a c loud-prof i l ing radar(CPR),

in addi t ion to usual  three passive sensors.  such

as vis ib le/ infrared imager,  microu'ave imager

and broadband radiometer s imi lar  to the ERBE

or CERES(a).  The act ive t rvo sensors are very

porverful  for  sounding cloud and aerosol .

For the t ropospher ic aerosol ,  the present

method using satel l i te data can detect  i t  only

over the sea area because of  unknorvn surface

ref lcctancc of  land. Also at  the polar regions,

i t  is  not  avai lable.  When thc l idar wi l l  be

used. i t  can be got easi ly wi thout dependence

of the surface and solar condi t ions.

The ISCCP(5) data has been compi led as a

WCRP project  of  WMO from 1983. This goal

is to completc a c loud cl imatology to col lect

c loud and i ts relatsd informat ion using polar

and geo-stat ionary satel l i te data,  such as

vis ib le inear- infrared and thermal infrared data.

Figure 4 shorvs an example of  a zonal  mean

distr ibut ion of  c loud amount f rom ISCCP data.

Thc cloud height is c lassi f ied into three groups

using I  I  p m and TOVS data.  I t  a lso

discr iminates type of  c loud depending on the

opt ical  th ickness, such as c i r rus,  c i r ro-

cumulus and so on. This sample is a monthly

mean of  an every 3-hour average for January

1988. Thc total  amount of  c loud has three

peaks exccpt near the north pole,  which means

an ITCZ cloud and a mid- lat i tude to subarct ic

cloud zoncs. These are good agreement wi th

our former knorvledge. For the northern part

over 60 degrees in lat i tude, however,  the

ISCCP algor i thm cannot detect  c i r rus c loud in

winter,  as shown in the f igure,  and can

discr iminate a low cloud insuff ic ient lv.  not

shorvn here.

These l imi tat ion is for  passive sensors.  A

combinat ion of  the space l idar and the CPR can

cover th is r .veakness, in part icular to get a

global  d istr ibut ion of  c loud top/bottom height

rv i thout any l imi tat ion.  A l idar can detect

c loud informat ion r .v i th less than 2 to 3 in

opt ical  th ickness, such as a most part  of  c i r rus,

al tocumulus and lower cumulus rvhi le a CPR

can observe a c loud rv i th morc than this opt ical

th ickness. The cloud can be covered over the

rvhole globe with a s imultaneous usage of  these

sens ors.

Each speci f icat ion of  sensors is compi led in

Tablc l ,  and rv i l l  be explained in othcr

presentat ions by'  each expert .
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4. Summery

The atmos-Bl  tcam has proposed thc ncrv

sensor s1'stem including a l idar and CPR to gct

a global  data about aerosol  and cloud, in ordcr

to est imatc the earth radiat ion budget.  This

s1'stem can complement the prescnt data onl l '

f rom the passive ssnsors,  and has many

character ist ics:

I  .  the global  d istr ibut ion of  acrosol  opt ical

th ickness even o1'cr  land can bc est imatcd

using a l idar for  c lear sky,

2.  the c loud informat ion,  such'as c loud

base height and 3-dimensional  structurc rvhich

cannot be inferred using a passivc sensor,  rv i l l

be obtained. and

3. the combined use of  both act ive scnsors

r l i th usual  passive sensors lets us knorv the

compl icated cloud status total ly at  any

locat ions including over- land and polar

regions.

Fig. I Global-mean radiative forcing bl'grccnhousc

gases. ozone and aerosols. Uncertainty of aerosol in

radiative forcing is relativell' larger than that of

grecnhouse gases
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Fig.2 Zonal and seasonal averages of net cloud
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Fig.3 Change in the globally averagcd annual mcan

flur into thc earth-atmosphcre system resulting from a

l0%(relative) increase in cloud anrount for cimrs

clouds(Ci) and for all othcr clouds([,o/Mid), shorm

for shortu.ave(SOLAR), longrvave(lR) and nct(NET)

radiation components.

(l) Cloud Profiling Radar(CPR) -> lst prlorlty

Frequency: 95GHz >> TEGHz (-3dB for 78GHz)
Polarlzarion: Yes(?)
Redutlon: Vertical < 50Om

Horizontal <lOOOm
Scanning : Hopefully scannlng

but maybe not due to S/N llmitaUon

Present status:
Developing an alrborn model at the CRL

End of 1996FY... wlll be completed
1997F't ... Test nlghr

(2) UDAR -> lst prlorlty

Wavelengtlr : lo64nm and/or 532nm (not declded)
Polarlz:tion : Yes
Resolutlon : Vertlcal 10Om

Horlzonul about 150Om
Scannlng : Not(?)

present status:
Dweloplng a lldar for the demonstratlon satelllte

Fig.4 Zonal avcragc of cloud amount for cimrs, high,

middlc, and lorv cloud based on ISCCP lCZ data.

This statistics is a monthly mean for every 3-hour data

of January, 1988. "Total" means the integrated

cloud arnount of "high", "middle" and "low" cloud.

(3) Vlslble,/lnfrared lmager -> lst prlorlty

Wavelength: 0.63pm Optlcal thtckness
1.60 Effecrlve radlus
3.75 Effectlve radlus

Cloud detect over snow/lce
10.8 Cloud top temp/ Clrrus derect
12.0 Cloud top temp/ Clrrus derect

Resolutlon: < lOOOm
Swath : about lO00km

(4) Mlcrowave lmager -> Znd prtorlty

Frequency: l9.4GHz V & H PWC, tWC, RR
22.2 H PWC, LWC
37.0 V&H PWC,LWC.RR
85.5 V&H PWC,TWC

Resolut ion:  <4.5-5km
Swath : about lOOOkm
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Table I Sumnrary of thc sensors proposed in the Atmos-B I project.

Instruments/Sensors(Not decided in detail)
Instruments/Sensors(Not decided in detail)

50 - 60GHz (3ch) -1 Sounder for temperature
proflle

(5) Broadband Radlometer/lmager -> 3rd prlorlty

Wavclength: Vlslble( refl ectance)
In frared (emlssion )
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158 D. L. Hertmann

Figurc I l-ongwave cloud radiative forcing of Earth's energy balance (a) for the June, July,
August (tJA) and (b) for Decembcr, January, Rbruary (DJF) seasons determined from two years
(Feb. 1985-Jan. 1987) of ERBE data fmm two scanning instruments on the ERBS and NOAA-9
satell ites. The contour interval is l0 W m-2. Values grcater than *40 W m-2 are lightly shaded and
values grcater than +80 W m-: arc heavily shaded. Note that positive values indicate that clouds
rcduce the outgoing longwave radiation.

160 D. L. Hartmann

Figure 3 Cloud forcing of absorbcd solar radiation (a) for JJA and (b) for DJF estimated from
ERBEdata. Contourinterval is 20 W m-2. Values more negative than -40 W m-2 ar€ shadcd and
values morc negative than - 80 W m-2 are heavily shaded.
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( l )  Cloud Prof i l ing Radar(CPR) --> 1sr pr ior i ry

Frequency: 95GHz >> 78CHz (-3dB for TgGHz)
Polar iz: t r ion:  Yes(?)
Resolut ion :  Vert ical  < 500m

Horizonral  <1000m
Scanning : Hopefully scanning

bur maybe not due ro S/N limitation

Present status:
Developing an airborn model at rhe CRL

End of  1996F-y. . .  wi l l  be complered
l997Fy . . .  Test f l ighr

(2) LIDAR --> lst priority

Wavelengrh : 1064nm andlor 53Znm (not decided)
Polarization : Yes
Resolution : Vertical 100m

Horizonral  abour 1500m
Scanning :  Not(?)

present status:
Developing a lidar for rrre demonstrauon satellite

(3) Visible,/lnfrared imager --> lsr prioriry

Wavelengrh: 0.63pm Opdcal rhickness
1.60 Effecrive radius
3.75 Effective radius

Cloud detect over snow/ice
10.8 Cloud top cemp,/ Cirrus derecc
12.0 Cloud rop remp/ Cirrus derecr

Resolurion: < 1000m
Swath : abour f000km

(4) Microwave Imager --> 2nd prioriry

Frequency: 19.4CHz V & H P!VC, LWC, RR
22.2 H PWC, LWC
37.0 V&H PWC,LWC.RR
95.5 V&H PWC, IWC

Resolut ion:  <4.5-skm
Swath : about 1000km

50 - 60GHz (3ch) -> Sounder for remperarure
profile

(5) Broadband Radiometer,/lmager --> 3rd priority

Waveleng th: Visible( refl ec tance)
Infrared(emission)
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Summary
The atmos-B I team has proposed the nelv sensor system including a lidar and CPR to

get a global data about aerosol and cloud, in order to estimate the earth radiation bud-eet.
This system can complement the present data only from the passive sensors, and has
many characteristics;

1. the global distribution of aerosol optical thickness even over land can be estimated
using a lidar for clear sky,

2. the cloud information, such as cloud base height and 3-dimensional structure rvhich

cannot be observed using a passive sensor, lvill be obtained, and

3. the combined use of both active sensors with usual passive sensors lets us knorv the

complicated cloud status totally at any locations including over-land and polar regions.
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