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Height
Cloud (km) Amount Albedo
High 10.0 0.228 0.20
Middle 4.1 0.090 0438
Low
top 2.7 0.313 0.69
bottom 1.7
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(after Manabe and Wetherald®’)

Cloudiness
Experiment (amount) .
no. High Middle Low (°K)
C1 0.000(HB) 0.072(FB) 0.306(FR) 280.1
C2 0.500(HB) 0.072(FB) 0.306(F®) 281.6
C3 1.000(HB) (@.072(FB} 0.306{FB) 284.2
C1 0.000(FB) 0.072(FB) 0.306(FB) 280.1
C4 0.500(FB) 0.072(FB) 0.306(FRB) 298.4
C5 1.000(FB) 0.072(FB) 0.306(FB) 318.0
Cé6 0.218(FB} 0.000(FB} 0.306(FB) 290.5
C7 0.218(FB) 0.300(FB) 0.306{FB) 271.5
C8 0.218(FB) 1.000(FB) 0.306(FR) 251.8
c9 0.2{8(FB) 0.072(FB) 0.000(FB) 311.3

C10 0.218(FB} 0.072(FB) 0.300(FB) 2720
C11 0:218(FB} 0.072(FB) 1.000(FB) 229.3

Ci2 0.000 0.000 0.000 307.8
C13 0.218(FB) 0.072(FB) 0.306(FB) 287.1
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5.1 wlawk

KElx 2V ¥—% (DOE, Department of Encrgy) T OARAER = A1 O #E
BHRTHONRTEY, TORBO—HHNRANE LTHRENTVADOT (Cess et al., 199
0, Journal of Geophysical Research) 2 DB B IV EFIERORIECHAT D
ODRARMEF— X2V THET S5, DOECH., ChETCRRBMA R OHMALIRIK S
ABPEBE2RARIENTRENK I ud . 2 b 2D TEY, SO0HBRERIC LT T
OERZHEALFLVEBRNL 70y - 7 FEUBITBHIENTES, REFAMN
BMMd 5 EHROABRBESIEDLZOL? CONER. ERBEMEICeZALh T
IV bEMIRELVWHBATHL L LABRBEINBOTVE, SABRCNT 2HER T
SBBEHTCELHER SREDARBEREANV R LB Y I abv—v a v TH BN, EB
wirbhitlBoE 7V (GFDL, NCAR, GISS) s RKEHhORBA ABE
Z2H - AGBRHMMELRBAOY I av—va VHRE, EREHOBEEL TR DS
BEO(LEIRAONTDODOHMBHLEEEBREF IR L > TAEL BN -z (Proje-
cting the Climatic Effects of Increasing Carbon Dioxide, U.S. Departwent of Ene-
rgy Report DOE/ER,1985) , HAE. GFDLOEFNREZHERTI. BEH 2 MY
M3%L1988HHDEIRT AV APFCKBOLRLELHKRIOBD (FiZ-) %
THILTVAM, fHOEFNCREERBEEZRLTVWE, (ZOBZTbIHlo=
FTHVEEDYIaV—vYa VRELHREZRHSIETVS) Lhd, BBOEMAERR
ARegrbhodotBuohcixs,

COEINRRATCDOE TR, EROARBREFVOMELKEL2FL TEFLOYILA
BOF 2y 2270, EFVOEHUL2EDAC L2 HYHOHELE 75 82T H L%,
BRBLBHCHEBALLEIRHMRLELY, COLDRBMHEPEBREFVOHEMETSH 2
R.Cess(ma—a3a—J7MIuUKE)&]. Potter (v—vvzx YYre7[H
MR REEB LRV I -2y FHREME, B1HIZ1987E0H= 1 —2
~ 7 THEShEFNVEBRRBRONAKRBINTL. BEOEANVHREF S FoCOH
Hi3.B20 (1988FETH, K21 v) . HB3M(1980#11H, =a—~3z—2)
DT=7vay 7T, BAMLBHE2ELUR, L TEMLTWE, X, H4
B7~2%ey7R1980FE12 =2~ CHdh, FLOLABREROKRI S
WCHRZT-ER, CZTCRESHATICRTFLITHEBER T LI EIORDVT
WET S, ROBKTRIY M4 xR (Cess et al., 1989,1991) v H—rhid 3,

5. 2 %f»&%ﬁ

SEHORBERBRBE I 1 9OARBEREFNVOY A v BF5.2.18Hb, BEFLOE
L) EEHERENRENETNFS. 2.2, #5.2.3Kd 5,



% 5.2.1 SEOHBERCEE SLKBERETA

Model

Investigator(s)

Bureau of Mcteorology Research Centre, Melbourne {(BMRC) (#~—
Canadian Climate Centre (CCC) (#F )
Colorado State University (CSU) CKED
Department of Numerical Mathematics of the U.S.S.R. Academy
of Sciences (DNM) (v & ¢ = hiHIF)
Direction de la Météorologie National, Toulouse (DMN) (73 ¥ x)
European Centre for Medium-Range Weather Forecasts (ECMWF)(
European Centre for Medium-Range Weather Forecasts/University
of Hamburg (ECHAM) (B F 1 )
Geophysical Fluid Dynamics Laboratory (GFDL I and I} (3D
Laboratoire de Météorologic Dynamique, Paris (LMD) (7 7 ¥ 2)

ZF50T)

g -0 5 /Sl
FHer )

Main Geophysical Observatory, Leningrad (MGO) (v & 4 = b3S

Meleorological Research Institute, Japan (MR} (B&)

NASA Goddard Institute for Space Studies (GISS) CKED

NCAR Community Climate Model, Version 0 (CCM0) (KB

NCAR Community Climale Model, Version 1 (CCMI) CkiED

NCAR Community Climate Model/Lawrence Livermaore National
Laboratory (CCM/LLNL) CKED

Oregon State University/Institute for Atmospheric Physics, Beijing
(OSUNAP) CKE/HED

Oregon State University/Lawrence Livermore National Laboratory

(OSU/LLNL) CKE)
United Kingdom Metearological Office (UKMQ) (4 1 R)

B. J. McAvaney and L. Rikus
G. J. Boer and J.-P. Blanchel
D. A. Randal} .
VY. Dymnikov and V. Galin

J. F. Royer and M. Déqué

J.-]J. Morcrette
E. Roeckner and U. Schlese

R. T. Wetherald

H. Le Treut and X.-Z. Li

V. P. Mecleshko, A. P. Sokolov, and D. A. Sheinin
I. Yagai

A. Lacis and A. D. Del Genio

wW. M. Washington

A. Slingo and J. T. Kiehl

S. ]. Ghan and K. E. Taylor

X.-Z. Liang and X.-H. Zhang
R. D. Cess, G. L. Potter and W. L. Gates

I. F. B. Mitchell

There are two GFDL models.
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1 9EHOKTEREFNVOX LD

Model

Reference

BMRC
Cccc

csu
DNM
DMN
ECHAM

ECMWF

GIFDL 1
GFDL U

LMD

MGO

MRI

GISS

CCMo
CCMI
CCM/LLNL
QSUNAP
OSU/LLNL

UKMO

Hart et af, [1990}

Baocr et al, [1984], sce Appendix A for
modificalions.

Arokawa and Lamb {1977), Suoret ¢t ol,
{1983), Randall et al. [1959)

Marchuk ¢t al. [1986)

Coiffier et ol. [1987], Curiollc <1 al. {1990]
Same as ECMWF. Sce Morcrenie [1990) for
radiation modifications,

ECMWF forecast model. Adiabatic part
(Rescarch Manual 2), physical
paramelenizations {Research Manual 3).
Meteorologicol Bulletin, 2nd cd., 1988.
ECMWF, Reading, United Kingdom. Scc
Slingo {1987) for a description of the cloud
paramclenization and Morcrette [1990] for
radiation medifications, .

Wetherald and Manabe [1988).

Sce Appendix B for a description of the
cloud optlicsl property modifications.
Sadouray and Laval [1984}. See Le Trawr
and Li [1988) for cloud modifications.,
Sokolov [1936])

Tokioka ¢t al. [1934].

Hansen ef al. [198]]):

Washingron and Mechl [1984).

Williamson ¢t al. [1987).

Williamson ¢i al, [19587]. See Appendix C for
solar radiation and cloud optical propernty
modifications, :

Zeng el al, [1939), sce Appendix D {or
modificalions.

Ghan ¢t al. {1982), scc Cess er al. [1985]) for
solar radiation modification.

Stingo [1985), sce Wilson and Miichell [19387)
for modifications.
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Solution
Technique, Horizontal
Number Spectral Resolution, Conveclion Diurnal Soil

Modc! Levels Truncation tongitude times latitude Parameterization Cycle Moisture
BMRC 9 spectral (R21) 5.6"%1.2° penclrating convection® no compuied
ccC 10 spectral (T21) 5.6°x5.6° moisl adiabatic yes computed
Csu 9 finite difference x4t penctrating convectiont yes prescribed
DNM 7 finite dillerence 5'x4 moist adiabatic no computcd
DMN 20 spectral (T42) 2.58"x2.8° penetrating coavectiont yes computcd
ECHAM 16 spectral (T21) 5.6"%5.6° penctrating convection® ne tomputed
ECMWF 19 spectral (T42) 2.8"x2.8° penelrating conveclion® ycs computed
GFDL 9 speciral (R15) 7.5*%x4.5" moist adiabatic no computcd
LMD n finite dilference 5.6°%3.6° penelrating convectlion® no computed
MGO 9 speetral (T21} 5.6"%5.6" penelraling convection® no computed
MRI 12 finite dilference 5*x4" penctrating convectiont yes computed
G158 9 finite dilference 10"%7.8° penctrating convectiont yes computed
CcMmo 9 spectral (R13) 7.5°%4.5° moist adiabatic no computed
CCuMI 12 spceiral (R15) 7.5°x%4.5° moist adiabatic no prescribed
CCM/LLNL 2 speciral (R15) 7.5'%4.5° moist adiabatic no prescribed
OSU/AP 21 finite dillerence 5ox4* penetrating convectiont yes computcd
OSU/LLNL 2% finite difference 5o x4 penctraling convecliont yes compuled
UKMO It finite differcnce 7.5 %5 penclrating convectiont yes prescribed

The horizonial resolution of the spectral models is that of the Gaussian grid,
*Kuo parameterization.

tMass-fux parameterization.

{Four levels are used for radiation and ¢loud formation calculations,
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PRICLT, LROBEAEL22CLREELBE L 2THT IR LIBAR>VWTEFN
SR fFoCRIFTACETCHS, CORROMBE I (Cess and Potter, 198t & h
TVEAR, BB 28N L TCE0RRZYRCERAERER LAGGE2EAE LABREE
Birho-TVd, BRAKELEBRECHEALBACREByY A HMNORER/NE L, #H
AKEBOLREBLEYERKEVES>ITHD, X\ ZMHELEZBROREHRRET I XT
OHEHMLEHRTILORESNL, HEMMREANVBRER > TV EXR, XEHR
FREGATEREZV (MR]I GCM) ¢l 90RAMBMES2TVWREOCI 0BMOF
BEE ot
LTOEFNEZODI A TDBRENIBE > TOT, REZACRBRE (/Y v FR ¥
—LOR) | #.25RBUARZORVABREATVE, MRT GCMTAEMNEE
MIOOURELEBESE, YV v FEEMRBECELRS, £, MENL00mbiti#EL
ENRTEDEHRMRET S, SRVEHLA-BREBEAR (SST) 2+ 2CELE
B 0EROTENFES.2.8kDE, CCTR2CTIEARIVIO—LLELTY
5, BEFNOBRBRRIAENBVARLGN, CCCPCSUEFNTREFNFHVE
EREBRAESNI-HDBREMNSZV, MR] GCMTWRIEHRBECRENRBET DK
L2HREBHLEZERLDPHEV, F5.2.7ER5.2.8RBASST=—2K (2vta—n) ¥
Pab—YaYRRUIBRAE v TORABE E THERBHH7 5 v 7 AHRIATY
5o HEHE L KEHERHEBRETHARSKREYZHA LTV, BREXRFX
HOBENRBRBOHELY/NMNE W, MRT GCMOHRILROEHIEY,
DEOEREEAVTERBEAS AV —2EETHIEMRURES, KRy TRRT S
Mgy Ahs

G=AF—-AQ
CCTy FEQRAR Yy 7RV B EHREH I LAARBE THE KB BE 7 7 v 7
2THD, AR+2CT5 v b —-2CTr7 23 wiEL2BRT. GRBEHEMITHY . 2
HREEIN T REBOEMAT s L MBIV TIARBENIAI—A %R

ATs=2G

A= (AF/Ts-AQ/Ts) ™
TREET S, COEZ2EREFRHEE, BRERVEHETHRE L ALERARS.2HH 5,
¥, B5.2.1cicois oy b LT3, MRI GCMUE11BHTHD2EDOTEY
Wi, BRBOMBEEFNT—HLTVAN, EKEITCRIIEOEHRHD, T
b, choDR—BRBREBELE7 1 —FRy 2EBFVWTVWEILHGR S,
CCTEBEINLGEHERBE NS A2 —% (Charlock and Ramanathan, 1985} CEF S N
Cloud radiative Forcing (CRF) LB L CHRZ, TORRMEKS.2.2TH Y, HIROK
BReFVIZBERECERNBERNSZDIOD, TOBVWBRBOT +— KNy 20FE
ELUTHIBTL LN ERS,




# 5.2.4 WMEHBOAGI AN~V arDEEd

Model

Cloud Generation and Fraclion

Optical Properties

Commenis

BMRC
cce
csu

DNM

DMN

ECMWF and
ECHAM

GFDL [

GrFDL I

LMD

MGO

MRI

GISS

CCMO and
CCMI

CCM/LLNL

osSuUnar

O5SULLNL

UKMO

cloud [raction function of
relative humidity
same as BMRC

no ¢louds in radiation sense
unless conveclion penclrates
above 400 mbar, then 100%%
cloudiness from 400 mbar lo
highest level reathed by
convection

same as BMRC

¢loud fractien {unction of
conveclive precipitation
convective precipitation used
as ctoud (raction predictar
with upper {imit of 0%
cloudiness

no clouds unless saturation
occurs (relative humidity =
99%), then 10095 cloudiness
same as GFDL [

same 35 OSU/NAP
same a3 ECMWF
same as CSU

cloud fraction proportional to
pressure thickness of all layers
up to cloud Lop

no clouds unless convective

adjustment necessary, then
30% cloudiness

same as CCMI

penelrative convection
parameterization, 0% or 1007
cloudiness -

same as OSUSAP

cloud (raciion proporsional Lo
maximum parcel size in moist
convection

prescrited

" function of cloud water

conlent
prescribed {optically
thick)

prescribed

function of cloud water
conlent

function of cloud water
content ‘

preseribed

albedos funciions of
cloud water content,
emissivitics preseribed
except for ice clouds
function of cloud water
tontenl

prescribed

prescribed (optically
thick)

preseribed: optical depth
= § per 100 mbar
thickness

prescribed

visible oplical depths and
emissivitiet functions of
clbud water contenl
albedos and emissivilics
step functions of
lemperature at T = ~40°
visible optical depths and
emissivitics step functions
of lemperature al T m
-40'C

preseribed

convective and stratiform
clouds not distinguished
ro clouds in botiem layer
nor above 100 mbar

no clouds below 930 mbar
nor above 290 mbar
no clouds above 65 mbar

po clouds in top and
bottom layers

. convective and stratiform

clouds pot distinguished

Same as GFDL 1

no clouds in boltom layer
nor above 150 mbar

no clouds above 100 mbar
nao clouds in botiom layer
no ¢louds in bottom layer

convective cloud .
formation only in 200400
mbar layer or at 300 mbar
conveclive cloud
formation only in 200-400
mbar and 8001000 mbar
layers

no clouds in Lop layer




# 5.2.5 BR# (kEKoENNTELINS) B0

NI AT N~V g v DELED

Model

Cloud Generation and Fraction

Optical Propetties

Comments

BMRC

ccc
DM
csu

DMN
ECMWF
and

ECHAM
GFDL |

GFOL [T

LMD
MGO
MRI

GIss

CCMO and
CCM |

CCM/LLNL

Qsu/lAP

OSuU/LLNL

cloud fraction function of
relative humidity and lapse
rale

cloud fraction funclion of
relative humidity

same as BMRC

no ¢louds ualess saluralion
occurs (RH = 100%), then
1007 cloudiness

cloud fraction function of
relative humidity

eloud Craction predictors are
RH, vertical velocity and tapse
rate

no clouds unless saturation
accurs {RH = 99%), then
10095 cloudiness

same as GFDL |

cloud fraction function of
partial condensation

same as ECMWF, but different
paramelers

same as C3U

av clouds unless saturation
accurs (R = 10093}, thea
cloud [raction cquals saturated
grid (raction

ag clouds unless saluration
occurs (RH = 99%%), then
100¢% cloudiness {100% and
95% for CCME)

no clouds unless saturation
occurs (REVS [00%). then
100% cloudiness

ao clouds unlcss saluration
occurs {RH = 100% lor 400~
800 mbar, RH = 30¢% {or 600-
80 mbay), then 1005
cloudiness

same as OSU/IAP

ctoud (raction function of
relative humidity

prescribed

function of cloud water
content
prescribed

visible oplical depths and
emissivilics dependent on
demperature

function of cloud waler
content

lunction of cloud water
content

prescribed

albedos dependent on
cloud water content,
emissivities prescribed
except for ice clouds
function of cloud waler
content

prescribed

prescribed

visible aptical depths
prescribed lunclion of
pressure; emissivilies
calculated from visible
opticai depths
prescribed

visible optical depths and
emissivilies dependent on
cloud water content
albedos and cmissivities
step funclions of
temperature a1 T =
-46'C

visible aptical depths and
emissivities step functions
of temperatyre at T =
-40C

prescribed

no clouds in botiom layer
nor afove 200 mbar

no clouds in bottom layer
nar above |00 mbar

no clouds above 930 mbar
nor dbove 290 mbar
tlouds in bottom layer can
be arbitrarily thin

no clouds above 65 mbar

no clouds in top and
bottom layers

convective and stratiform
clouds not distinguished

same as for GFDL 1

no tlouds in bottom layee
nor above 150 mbar

ne clouds in planctary
boundary layer

no clovds above 100 mbar

no clouds in bottom layer

no clouds in bottom fayer

stratiferm cloud formation

nnly in 400-300 mbar layer

same as OSU/AP

no clouds in top layer




#£ 5286 ASST=-2TCTOVIalb—¥a viRBUIBER (%),
Ac *BROET (+2° CYiab-yay - -2 Cr31b-33v)

Model Ao, % oA, %
ccC 62 —4.]
ECMWF 50 -l
MGO 52 —0.2
DNM 48 -2.0
GroL 1l 56 =11
DMN 40 : -0.9
Csu 72 5.4
OSU/IAP 60 -2.5
OSU/LLNL S8 -1
BMRC . 48 -2.8
MRI 40 —-14
GEDL ! 49 -0.3
UKMO 52 -2.1
CCMI 48 -0.7
CCM/LLNL 58 -2.8
LMD 58 ~2.5
ECHAM 57 -5
CCMO 53 -4.4
GISS 52 -1.3
Mean 5] -2.1
Standard Deviation 8 1.3

# 5.2.7 ASST=—-2CO¥Iav—VvaviRBI5D
RKEry 7TCORNBHT 5 v 7

Flux, Wm™?
Model Clear Overcast Global
ccc 191 229 250
ECMWF 300 219 258
MGO 303 190 245
DNM 264 192 238
GrFDL 11 280 195 235
DMN 286 136 242
csu 288 210 231
OSUNAP 273 149 203
OSU/LLNL 284 162 220
BN¥RC 294 187 245
MRI 285 191 242
GFDL [ 281 167 228
UKMO 94 147 233
CCMI 278 187 233
CCM/LLNL 277 18) 224
LMD 298 220 253
ECHAM 275 162 215
CCwo 271 178 227
GISS 281 190 23]
Mean 284 184 24

Standard Deviation 10 26 4

(B m-2, WRGEBEERCLSREHEFFTHALTOV D)



ﬁ 5.2.8 ASST=-2Cov3 a2V —¥ g vicBid s
KE Ly PTCOSTRHIEABHREZ 5 v 7 R

Flux, W m™?

Modcl Clear Overcast Global
cce 270 243 255
ECMWF 273 194 240
MGO 271 201 235
DNM 759 12l 242
GEDL I 269 221 24}
DMN 260 212 247
csu 259 09 m
OSU/MAY 277 198 230
OSU/LLNL 271 193 728
BMRC 250 213 249
MR 238 199 236
GFOL | 269 194 o0
UKMO 267 195 215
ceMI 275 218 213
CCMILLNL 7 212 243
LMD 263 21§ 230
ECHAM 250 205 24
CCMO 271 180 24
G155 253 215 2
Mcan 267 209 28
Suandard Deviation 8 17 ?

(B m™ 2, BRFLBRERULKEHR ST THAELTWES) ,

£ 5.2.9 19HOETEFMRDVCOLBBE NS Ay —

ALKmPwe!

Model Clear Overcast Global
ccc 0.42 0.2 0.3%
ECMWF 0.57 0.29 0.40
MGO 0.54 0.)7 0.44
DNM 0.44 0.49 0.43%
GFOL II 0.46 0.40 0.435
DAMEN 0.4 0.57 0.50
csu 0.46 0.45 0.50
QSUAAP 0.40° 0.45 0.52
OSWLLNL 0.43 0.53 0.52
BMRC 0.52 0.3) 0.54
MRI : . 0.47 1.20 0.60
GFDL 0.413 ‘ 0.70 0.60
UKMOD 0.5) 0.54 0.61
CCM! 0.4 31.67 0.70
CCM/LLNL 0.49 0.72 0.76
LMD - 0.43 1.42 0.49
ECHAM 0.47 0.60 1.11
CCMY 0.15 -2.55 1.11
GISS 0.52 =317 1.1}
Mean 0.47 0.65
Standurd Deviation 0.05 0.26

(BRRBERREBRTCLREHRJBITHE LTV S)
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HRASE OEDLN 1 OHEORIAARBREA NV L AWHEAKBEZ L 2CEILSER
ERC, BHOEFNOHELBEBH L7~ PRy 70BESENRERIN L, KB
MEFASAFEREFSNVOLZRORBVEZAOELREL . THHLEREORRF DT
ROFBECRAENIREF YV IR TVAEZEMRENL, CORBOFRBELVAR
3 (Cess et al., 1990) kKBFRENTWVWE, CO®ROMWAED T ~27v 27 (1990
£120) tik. LAORBRBLTHEKBEL2EZALERETVIOREBERANTVS
(Y14 xvx Cess et al., 1991) , '

5. 8 HEHRF—ri-oWwT

EFAREIAUBERORAOBBEIE ., ERAAELARS S, LBEEREZOBLOZH
EOALCHS L RAAGETH2H, EFVOLBRELLVRAZRETIHNEZRD
BhDRLRULBNFRE: LCHAZFEREF—saHvERS, L, HERXSAIR
PARPREBEORVRENERCLEL5I55aM5 5, H5.. IANOAARRBR XS
19794 —1985EDTHEEHLETHOOLR (K& by TR BUBREBHT 5
v 72) ERUCHEONIMBUSHERIZDDEDERRLT VWS, b2 VMET
SOWAT/M22HI2B8wWHADD, 779 HETPHT A Y ALBTNOAAODHK
RENIMBUSOBEIV20W/ M EARE Y, BIU ES.3.20 THEEHLALTH
OBETHE, NOAALNIMBUSHBOETCRIEFROL0ELAST OEHRE M
CTRATCRBOMIER 0l ALHE2ETITVWE, 1 A 7TRAOBATCRELETSOE(
BT AV AAB, A—=2b307, 77 Y AhHETa—5 vy 7 RKBEHRETHONS,
ooV, REOALAEEE A VOB EEAEROZL D/ IS VD, BERH
BB o RWA, SHREFVOKEARELBEPEN « P TRCHE 7 — 7 2 TFH
HBRORIECHVAGECHBELRS,

E15.3.33 7 A B 2 §Mic B3 2ER (Berliand and Strokina, 1980) & XRHIXK
AREABHEFVRIBNETEI2RZBTH 5. BUTRAFEEPAWE LOEMTRR S
LHAENOBRETIAEOTCRBRMDL L, 4277 2o EbH T RENR
Wi, LERPERE ., HREDAEEDL AN 7 A V=T HPHERKO 6 O BAELA
N TRBMEV., —BRAROL xS E (BBHOBRECLHIE) EHOBHRLT L
CAHATRKEINBEINCEEMNEL . THHEBFLEOTOLI L THREOHET 51t
MTRENTERAV, ZOBMPAY 7 4 N 2T LA —WCTRANVEETHRPIN
TERENCES, BRBEOHBEBHOTRLHR (A VY FAYTHE.E7A) ADT
2V VH) CHRENZV, EFNVEBMTCRONIRHUEZESIARBIEL TV AN
B CRMAR BRSOV,

B, BRI RIFEFIGES L CHA LB LB B RUTBHZ 7022
BRI TEBEI ot TNEHEVWT Cloud Radiative Forcing (REHHEIN)
BOFO L HICERT B(Charlock and Ramsnathan,1985),

Cw=Fcei.—F
Csw=Sa.,.—Sa
Cuer=CrLwt Csw




(FREMEERT 797 Ay SEAMABEY 5 v 272, alk7A<F, clrRFXOM
2md. ) K5.3.425.3.53ERBE (iR ER) X a@illEhic1 88547
HoZMMaHh e ZMoREARE AV L IARRRATALABR e VO20F 5 v (K
i{toh,1991)m & 1 98 SETHOMRERT, CLwl CswidBBcHiliL Y bEFLER
ORFERKBIRNAEV, CRBEFIVRFVIEROLRVI L LHAL TS, B
OEMEBE T B, eFAEbARE, LABHECAELAOM (R Lam
#) . BEREOBMETCEDOE—7 (Brrismi) KRN B, i, ERETES
BELTPAIVHERE-TWS,

ﬁE\ﬁﬁﬁﬁﬁ%?wﬁﬁim;6&%%:®EEE?R§E?%5&5Rmotﬁ\
MESDHARENTER, BOATY. HANSREL LTHE,SBRMSh Y
BMEOREAD RV ERCEEN, BHATAEEMRVWC LR ETFON %, ERNE
%%%Romfﬁv—ﬁ—v~¥m%%ﬁbtﬁék;6&M?+%Eﬁﬁﬁﬁ%6nb
ey ZOHMMBEMDPBEERFT s BB CABEREHMME (18488E) BS
BORMEI LD, ¥z, EFAVTOHELCVARRMNLTHEMIN TV AMHERBEST
50, EFNVEALORBECRENCF =z vy 7 TETCVRVERRDPVTEFVHOBVOR
aVwHRASLN D, SRR I 5BOR (WK, BKR, BRFBHA, AlkEKE,
x—u/NE) OBAINEEh 5,



WITH RADIBMETABR ON NBAA-SERIES
DURING 1978,1-1985.12, MONTH=1
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WITH RADIBMETOR BN MNAAA-SERIES
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CLOUDINESS
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Cloud Radiative Forcing (CRF)
July
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Cloud Radiative Forcing (CRF)
July

S0N LONGWAVE €1z 30 wmsm CLOAUD FARCING

son L&Ay

3oN

30s =

£0S sellIiiiiaoe piaiaiiiiiiiile

I i 1

G DR [ PR AN, O N T N DO N T ey e ¢

1t t ) 4 I

I T L
Q 30£ 6BOE 90E 120E JSOE 180 150W 1204 90W BOW 30W o}

a0s

HRL 0.7 CLOWET CLEWT

SHORTWAVE Crz 30 womm CLAUD FORCING
SN e N T
e s s S b ;‘.’.’r/} LR, 1
Do
60N I e ////

25,

Z 2
'a.w,,’% i

aoN

0 G
30s
i
605
gos-:i_r||14nl|_|_|||1_1LL|1||_|||J_1J4111|_||

] 30E BO0E S0E 120E ISOE 180 150W 120H 90W 6GH 30U 0

19N 0. CLOUBrLCLEsR

oon NET RADIATION Cis 30 umm CLOUD FORCING
7 e
4 s e
s i .///,/44/; & ,,’;,/,;////4;//
oM 5528 ;,;//p 22 //’//’
G H
o]
30s
60s | i<aH R i Heregefiiiasens
gos IS E T T N VOO0 WO T S W T W0 O T e o e :.—:——j]ll!!lfllll'l'l:‘.

M B
5] 30E GOE 90E 120E 1SGE 180 150W 1204 90W  BOW 304 0

19100, % CLOUPr-CLEAR

B 5.3.5 [QERARFALIRBEREANVCHE SN TAOEEHE &
AR RO ORILGMHI S (Cloud Rediative Forcing) o



£ % 30

Berliand, T.G., and L.A. Strokina, : Global distribution of the total amount of
cloudiness. Hydrometeorology Publishing House, Leningrad, 71 pp, 1980.

Cess, R.D., G.L. Potter, J.P. Blanchet, G.J. Boer, S.J. Ghan, J.T. Kiehl, H.Le Treut, Z.-X. Li,
X-Z. Liang, IF.B. Mitchell, I.-J Morcrette, D.A. Randall, M.R. Riches, E. Roeckner, U.
Schlese, A. Slingo, K.E. Taylor, W.M. Washington, R.T. Wetherald, and 1. Yagai, :
Interpretation of cloud-climate feedback as produced by 14 Atmospheric General
Circulation Models. Science, 245, 513-516, 1985,

Cess, R.D., G.L. Potter, J.P. Blanchet, G.J. Boer, A.D. Del Genio, M. Déwgé,V. Dymnikov,
V. Galin, W.L. Gates, S.J. Ghan, J.T. Kiehl, A A, Lacis, H.Le. Treut, Z.-X. Li, X.-Z. Liang, B.J.
McAvaney, V.P. Meleshko, J.F.B. Mitchell, J.-J. Morcrette, D.A. Randall, L. Rikus, E.
Roeckner, J.F. Royer, U. Schlese, D.A. Sheinin, A. Slingo, AP. Sokolov, KE. Taylor, W.M.
Washington, R.T. Wetherald, 1. Yagai, M.-H . Zhang, : Intercomparison and
Interpretation of climate feedback processes in nineteen atmospheric  general
circulation models. J. Geophys. Res., 95, 16601-16615, 1990.

Cess, R.D.,, GL. Potter, M.-H . Zhang, J.P. Blanchet, S. Chalita, R. Coloman, D.A.
Dazlich, , A.D. Del Genio, V. Dymnikov, V. Galin, D. Jerrett, E. Keup, A.A. Lacis, HlLe.
Treut, Z-X. Li, X.-Z. Liang, ]. F. Mahfouf, B.J. McAvaney, V.P. Meleshko, J.F.B. Mitchell,
J.-J. Morcrette, P. M. Norris, D.A. Randall, L. Rikus, E. Roeckner, J. F. Royer, U.
Schlese, D.A. Sheinin, J.M. Slingo, AP. Sokolov, K.E. Taylor, WM. Washington, R.T.
Wetherald, and 1. Yagai, : Interpretation of snow-climate feedback as produced by 17
General Circulation Models. Science, 253, 888-892, 1991.

Charlock, T.P., and V. Ramanathan, The albedo field and cloud radiative forcing
produced by a general circulation model with internally generated cloud optics, I.
Atmos. Sci..,42, 1408-1429, 1985,

U.S. Department of Energy Report DOE/ER 02037 : Projecting the Climatic Effects of
Increasing Carbon Dioxide. Eds., M.C. Maccracken and F.M. Luther, 381pp., 1985.



6. EEx7 vV EEIETHEEEASRLE

B. 1 FAME

EEBEz7o VAR, TO&EN, B L3ESRMET I ATILE - HEARREL
THRERBVWCEL, BESARAKBKLIEZ 1 VEY WV VYBEFYRKLO &L S &,
KGABAEEEECAREEASAAXUBE I 72 /AR IZEPLHBEIRTREZOR
EUuBTHE, LHALENRS, BRABB 7o A RKRLEOLTE « HEARITKE
BEBLEZITVWAZLRBEVTHSS, LVIORAKEHMEBZORFTORNTH - Ik,
LI AR, BlAY VA—VARAES N, BV Y ORBARKBEH I AR 2N B
BEr7a /AN OBRBRONCRERTREEETHA LRHOHRR - TEL, X
FEACERL CEUAOMERRR BT ARERL T o/ VOB 0 BEEHMEMNE
Hih-o25%%, c2ik, BEEEEz 7o/ (BREBZE. PSC : Polar Strato
SMMNCNM)mﬁﬁéﬁfyﬁﬁ\KUPSCQﬁmﬁ&\ﬁMWKOWfﬁﬁéo-

6. 2 PSCtAJSvk—n

BEOTHREE, L ERTORAER~80C~—90 COKRBRNS, 20D,
PSCRB1OSKUTCHRREETARMEMx 7w/ V2B LEHERS T 1HE, k5
F3@» L BBEHNAT (Nitric Acid Trihydrate) ORE. T5i 1 8 KUTTR
NATZ7aYyA2BELERTHE, BTRRBEIFA F—Hllc k3P SCORER &
V. NATH»5oHEBPSCHTypel, kodbonTypele b dhs, (KEG.
2. 1a)? _

WHEET2EAE 70y ¥ ARBEBEE CRL -EABRARR BB SO, ERRT
BAREDIZEOBT, LALEARS, ClERTHREBTEINO, s CH, $EEBREK
ELTREREZESTF (C1ONO, , HC 1) L UTHEELAV VORBRIES LIV,
B, NATPKOPSCMHTED &, ZOREORBTCINLABER BRI THLEHUER
SCl. HOC I B FMBHEINES,

CIONO, + HCI = Cl. + HNOs

CIONO, + Hz0 — HOC1 + HNO,
BEAGEBEARI LD, Cl.s HOC 1 4F04#8. CIEFREL TOMBERISK
VAV VHEBENRS, £2PC Clz s HOC I HRBNO: FTRFETHLED
PREOREESTFRERINEZHMN, PSCRBNO., AFORKFLLI2WEBI FLEAEY
AL LTVE, (BB, denitrification, W6, 2. 1 b))

PSCoOEBORMIEs4 ¥—BRAlcLvBon, 2 £6. 2. 1RAPSCF74 45—
BEROKEE2EED L OTHES, Typelas b Typelll&d, REARENL LD
. ThPhEAREBRE L REBHECHREL S, QRN LB e FVHE
wdd&® TyrelaldlumiYVA, IbiBO0. Bumk D/ PpBRNTFLIORBZI LM
HEhtvs, ThHRBEIVTyYype IMNAT. Type OMKNFTHHTE
RFHENT, 2O LB, PSCOH VYNV IR IVBEERBINTVS,




2 MICROPHYSICAL PROCESSES

0 HiNo, H,.,o
H 50, o
* \l %
o] ~— NET
O £70 Colta~nsk> [ \‘ c,,:ro~:ﬂk
f ° /(\o ,g
H,S0, aerosol nucleation and growth Type-! cloud farmation Type-ll cloud Sedimentation
formalticn and denitification

b -CHEMICAL PROCESSES

Cly—> 2C1 T0 2010420,

[

NC,
CloNo, hy
Photodissociation Formation of Incorporation of HC| and HNO, Repartitioning of Cataytic cycle of
teservoir species into type-! particles reservor species ozone depletion
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% 8.2.3-1 BBEHY—F—v—F—OBREHE 52— EBWMEEG

Transmitter
Laser Wavelength
Pulse Energy
Pulse Rate

532nm {(Nd:YAG, SH)
Yariable
Considerable (10Hz)

Receiver
Telescope Diameter
Field-of-View
Optical Bandwidth

System Optical Efficiency

PMT Quantum Efficiency

1. 0m

0. 1prad

1.0nm (Night Time)
0.1nam {Day Time)
30% (Night Time)
15% (Day Time)

20%

Condition
Target

Background Noise

Number of Shots

Hight Resolution

Horizontal Resolution
~Flight Model

Cirrus (8-12km, Albedo 40%)

Aerosol

1. 842¥/0%/nn

Yariable

500m

Depend on Number of Shots x Pulse Rate
Spaceshuttle Space-station Satellite

Altitude 300km 460km §00kn
Velocity 7. Tkn/s 7.6kn/s 7. 5kn/s
Na

S/N =

/\/n, + 2(n*tny)
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(8.2.1-3)

HBTFH ERAAMTCLIIZERBTHTHS.,

PEoXck, x7a/r, KEST, FREUTH S OBZERBTLHMAMEL S
D LTIV E - odty FIARKESTFR2VTE, 30knA L O, S OV —) — il
FEE2RHLT, BBASKEF NV LEAS LI LCHBNETHY . TORDBEWVER
WhbAORXITu/ AHLOETELTRVRI CENTES ., FRERTIV—F—H

S OBt AIE T, ZECSH,ORRVELHIBICLIVBERTE D,
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e~ +E 70000 (—E) ELT B.2.2-DATHAX, Ry 2 V5 FxTu/id
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8. = 1.54 x 10°° exp(~Z/7000) | (8.2.2-1)
8., = 2.47 x 107° exp(-2/1900)

+ 5.13 x 107° exp(-(Z-20000)2/(5580)2) (8.2.2-2)
B.o = 2.47 x 107° exp(-Z/1900)

+ 5.13 x 1077 exp(-(Z-20000)2/(5580)?) (8.2.2-3)
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exp(-500 @ ,) (8.2.2-4)
exp{(-500(na)} (8.2.2-5)
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% 8.4.1-1 FAHREMEMALAND I YAGLV-¥F-D—%

No Punpingl) ?ulse Encrgy Pulsevidth | Rate Dimensions ¥eight Pover Coolingz) Remarks
(n] at 532nm) (ns) {liz) - (LxWxH;mm) (kg) (k¥)
Laser Head Power Supply Laser Head | Pover Supply
1|FL 300-500 6-8 <30 | 1465x350x170 | 580x600x1545 5.6 W {
7 Spectron
2| FL T0-15¢ 6-8 <30 | 1465x200x170 | 580x600x1025 .6 |¥W 2
3|FL 330-800 6-1 <40 | 1422x381x282 | 826x359x1073 78 41 10 ¥. 7.6 Spectra
Physics
4 | FL 1315-42% 6-1 €14 | 1022x229x267 | 495x590x559 26 70 A ¥
5| FL 40-550 5-12 <50 | 1500x285x207 | 515x1067x1517 200-450 -6 ¥, 3§
500x520x340
Lumonics
6| FL B0-575 6-1 €20 | 1300x285x207 { 800x606x1402 ¥, b
600x540x626
T|FL 60-150 5-9 <50 | 998x459x295 | 710x620x710 3 ¥, 15
2 Continvum
8 | FL 125-150 i-6 €20 | 698x178x159 | 6522x286x527 16 68 2.8 I¥
. 4
9|LD 50 160 <t 193x23 ¢ 394x419x127 0.2 16 0.22 714 Laser
5 Diode
10 | LD 2 50 <500 | 279xi52x140 | 356x419x132 5 16 L7 L
1t [ LD 500 18 <50 | 508x305x610 | 1016x406x305 59 1 {or|lL Fibertek
28YDC,
Ti11x305 ¢ 354}

I)FL:Flashléﬁp. LD;Laser Diode, 2)¥;Water, I¥:Internal Water. A:Air, L;Liquid,
1)¥ith Eater: 4}Laser Kead @130VYDC 324, 5)¥ith Chiller: Laser Head @2VDC 4A
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