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Abstract

This report summarizes the final results of the projectcOvering-theperiod 12/V97-3Bl/98,
and includes two sections: project accomplishmentsandkey findings.

The objectives of our participation in the AtmosphericRadiationMeasurement@RM) program
were: (1) to improve GCM treatment of subgrid-scak?variabilityof cloud-radiationinteraction,
and (2) to study the effect of variabilityon GCMclimate simulations.

Specifically, the studies focused on:

● The developmentof a “mosaic” approachto parametrize the variabilityassociated with
cloud vertical “geometric association”and horizontal“inhomogeneity”;and

● Thqevahmion and improvement of ~adiatiw effwts of awosok and layer clouds.

These studies were conducted using the shortwaveand longwaveradiation and cloud
paraxneterizationsernployed in the SUNY-A1banyregionalclimate modeI (Dudek et aI., 1996) ‘
and the NCA~-CCM3 global climate model (Kiehlet al.,.1996]; The measurementsat the ARM

, SouthernGreat Plains were used to evaluate and improve theseGCM parametetizations, In
addition,we also used the cloud resolvingmodel simulationsto supplementthe cloud statistics,
in particular the cloud geometric associationand verticalvvater/icedistribution,

...
1. Introduction

The general circulation model (GCM)is based on the numerical solution of the fundamental
equations governing the dynamical and physicalprocessesof the earth-atmosphereclimate
system. It has been considered to be the best saentific tool available to study the climate
system as well as to assess fiture globalclimate changeand its re@onaldistribution due to the
“enhanced”greenhouse effect and sulfate aerosols (Houghtonet al., 1995, 1996). However, the
uncertaintiesassociated with the use of current GCMSin studyingregional climate and climate
changes are large, caused primarily by cloud-radiation interactions, the focus areas of the
DOE-ARMprogram (ARM, 1990, 1996).

One of the major issues associatedwith cloud-radiationinteractionsis the spatiai scale of the
GCM physical paratneterizations for radiation and clouds, Clouds are often observed to occur
with distinct vertical geomettic associations(I-Mmet al., 1982,1984). For exarnpIe,alcostratus
tends to exist exclusively with cumuluswhile cumulonimbusand cirrus frequently occur
simultaneouslyin the tropics. In addition,adjacentcloud layers are IikeIyto have maximum
association, while discrete cloud layers are independent(Tianand Curry, 1989). Cloud radiative
prop@ies not only differ greatly betweendifferentgenera (Tiedtke, 1996),but also distribute
nonuniformly within the same genus (Cahalanet al., 1994). In general, there are three aspects of
subgrid-scak variability of cloud-radiarioninteraction:the cloud macrogrouping (geometric
association), inhomogeneity(within-cloudopticalproperty variance)and broken-cloud
(interaction among finite clouds). It is unlikely that the variabilityof different time and spatial
scales can be resolved by GCM physicalparameterizations. A practical solution is to use a
combination of a deterministic radiativetransfer for resolvedscales and a stochastic approachfor
umesolved scales (Stephens et al., 1993;ZueVand Titov, 199.5;Gabriel and Evams,1996).
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A (3CM~tid used for climate simulationstypicallycovers an area of (200-500km)zwith
large variabilityin climate processeswithin the domain(Thunisand Ba.rmxein, 1996; Dudek et
al., 1996),especiallythe three aspecrsof cloud-radiationinteractionsdiscussedabove. For
example, random overlap (Manabeand Strickler, 1964),which assumes that all cloud layers are
independent,has been used in GCMSto treat cloud nmcrogrouping. Therefore, this treatment
tertds to yield a larger to”talcloud coverbecause it negIectscloud geornerncassociation. To
partially correct this, Geleyn and Hollingsworth(1979)proposeda mixed overlap treatment
assuming that adjacentcloudy layers share maxhnumoverlapwhile discreteclouds are randomly
overlapped. When compared with observations,Tian and Curry (1989) showedthat the mixed
overlap yields better agreement in totalcloud cover. Amongthe 30 GCMSparticipatingin the
AtmosphericModel IntercomparisonProject (AMP; Gates, 1992),about half use random
overlap whik the rest adopt variousforms of mixedoverlap.

Becauseof the spatial scale of the ARMexperimentaldesign, the subgrid-scale
variabilityof cloud-radiationinteractionscan be criuqallyexamined. In addition, the ARM
program measuresthe relevant pwameters (microphysicsand optical properties)as completelyas’
possible. This offers the best opportunity,to validateand further refine the GCM cloud and
radiation parameterizations.

2. Project Accomplishm~ts

This section Iists the project’spublicationsand participatinggraduate students.

2.1 Publications

There wereeight (8) refereedjournal articles, one (1) book chapter, and seven (7)
proceedingsmanuscripts.

Cox, S,, W.-C. Wang, and S. Schwartz,1995: Climateresponsesby radiative forcings of sulfate
aerosolsand greenhousegases. Geophys. Res. Lett, 22,2509-2512.

Ding, M. and W.-C.Wang, 1996: GCM radiationmodel-to-observationcomparison-
Proceedings ofrhe Seventh Annual Symposium on Global Change Studies, J~UW 28-
February 2,1996, Atlanta,GA.

Ding, M., W.-C. Wang, andJ. J. Michalsky, 1996: Validationof G(2Mradiation
parametrization using measurementsfrom the ARMprogram.Proceedings of the
International Radiation Symposium, Fakbanks, Alaska,August 19-24,.1996.

Dudek,M. P. , X.-Z. Llang, L. Zhu, andW.-C. Wang, 1993: Resolutiondependenceof GCM
cloud parametenzation. SpecialSessionof ARMResearch,Fourth Symposium on Global
Change Studies, January 17-22,1993,Anaheim,CA.

Dudek, M. P., X.-Z. Liang, and W.-C.Wang, 1996: A regional climate model srudy of the scale-
dependenceof cloud-radiationinteractions. J. CWnate, 9, 1221-1234.

Johnson, D. W., R. G. lssacs, and W.-C.Wang, 1992: Veflical cloud distributionestimatesusing
AVHRRimagery. Proceedings of the 1992 American Society for Photogrammetq and
Reroute SensingL4merican Congress on Surveying and Mapping ’92Giobal Change
Convention, August 3-7, 1992,WashingtonDC.
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Joseph, E. and W.-C. Wang, 1995: Incorporationof an improvedcirrus cloud parame[erization
into the NCAR-GENIXUSclimate model. Proceedings ofrhe Sixfh Symposium on Global
Change Studies, pp 136-141,January 15-20, 1995,DaIlas,‘Texas.

Joseph, E, and W.-C. Wang, 1997: Using ARM data to validatean interactivehigh cloud
radiativepararneterizationfor GCMS. Proceedings of the Ninth Conference on Atmospheric
Radiation, Long B+ch, California,February 2-7, 1997.

Liang, X.-Z. and W.-C. Wang, 1995: A GCM study of the climatic effect of observed 1979-
1992ozone trend. in Atmospheric Ozone as A Climate Gas, (Eds) W.-C. Wang and I. S. A.
Isakscm,259-288,NATO ASI Series, Spfiger-Verlag, Berlin.

Liang, X.-Z. and W.-C. Wang, 1997: Effect of cloud overlapon GCM climate simulations.J.
Geophy.s.Res. (in press; some of the deu.ils are describedin Section 3)

Liang, X.-Z. and W.-C. Wang, 1996: Cloud overlapeffects on GCM climate simulations.
Proceedings of the Intentational Radiation Symposium, Fairbanks,Alaska,August 19-24,
1996.

Molnar, G. and W.-C. WarIg, W92: Effects of cloud optical propertyfeedbacks on the
greenhousewarming. J. Climate, 5,814-821.

Wang, W.-C.,M. P. Dud& and X.-Z, Liang, 1992: Inadequacyof effectiveC02 as a proxyto
assess the greenhouseeffect of other radiativelyactivegases. Geophys.Res. Lw. , 19, 1375-
1378.

Wang, W.-C., ~. I?,Dude~ X.-Z. Liang, and J. T. KiehI, 1991: Inadequacyof effective C02 as
a proxy in simulating the greenhouse effect of other radiatively active gases. Nawre, 350,
573-577.

Wang, W.-C.,X.-Z. Liarg, M. P. Dudek,D. Pollad and S. L. Tlompscm, 1995: Atmospheric
ozone as a climate gas. Atmospheric Research, 37,247-256.

Wang, W.-C., Y. Zhuang, and R. Bojkov, 1993: Climateimplicationsof obser%d changes in
ozone verticaldistributions at middle and high latitudes of the NorthernHemisphere.
Geopizys. Res. Len, 20, 1567-1570.

2.2 Participation of Graduate Students

Cox, S., Climaticeffect of sulfate aerosols. (Ph.D.candidatein the Departmentof Atmospheric
Scienees).

Ding, M., 1997:Evaluation of GCM shortwave.radiationparameterizatioqfor gases, aerosols
and clouds. Ph.D. Department of AtmosphericSciences,SUNYat Albany.

Fox, S-, 1995: Biological processes and the land swface Influences on global climate change.
MS, Dept. of Biological Sciences, SUNYat .A1bany.

Joseph, E., 1997:Development and applicationof an interactivecirrus cloud radiative
paramecerizationfor global climate modeIs. Ph.D.Departmentof Physics, SUNYat Albany.

Zhong, M., 1994: The greenhouse effect of the presentEarth-atmosphereclimate system. MS,
Dept. of Atmospheric Sciences, SUNYat Albany.

Zhuarqg,Y.-C., 1993: Radiative forcing due to changesin troposphericozone. MS, Dept. of
AtmosphericSciences, SUNY at Albany.
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3. Key Findings

This section surmnarizesthe key findings in two researchareas: subgnd-scale variability of
cloud-radiationinteractions, and radiativeeffects of aerosolsand clouds.

3.1 Subgrid-Scale Variability of Cloud-Radiation Interactions

Objective: To use ARM and supplementarydata to evaluateand improveGCM treatment of
mdiative heating/coolingdistributionsassociatedwith sub-gridscale variabilityof
cloud-radiationinteractions

3.1.1 The “Mosaic” Approach

Current GCMS simulate only cloud &actions in individual modeI layers without explicitly
specifying their association.However,as discussedin Section 1, there exists a strong vertical
geometricassociation for.convective(Cc), anvil cirrus (Ci), and stratiform’-(Cs)cloud; (see
F~gure1). Because the distribution of radiativeheatirgkooling is sensitiveto cloud cover, it is ‘
quite clear that proper consideration of the inherentgeometficassociationof the clouds is
needed. Using ARM data,and simulationsfrom a regionalclimat6 model over the SGP site
(Dudeket al., 1996),we have developeda “mosaic:’approachto parametrize the subgrid-scale
variability associated with cloud macrogrouping and inhomogeneity (Liang and Wang, 1%7).

- In [he “mosaic” treatmenr, the GCMgrid is dividedimo subcellsfilled horizontally by a
specificcloud genus (or sometimestwo,cloudgenera)with distinct optical properties. Different
cloud genera (Cc, Ci, Cs) in each layer are first defined[Obe geographicallydistinct and thus
minimally overlapped. Second,Cc are assignedto a singIesubcelI,where the mea is given by
the largest Cc values from the convectivetop to the lowestlayers. Third, Ci (usually in the
convection top layer) then fill consecutivelythe subcellsthat are equally dividedover the
remaining grid area. Finally, Cs we distributedto subcellsusing a special procedure (see
“stochastic”cloud radiative forcing below). Separateradiationcalculationsare performedfor
each subcell with clouds, whereasclear sky radiativefluxesare computed only once and used for
all subcells. The grid mean radiativeheating/coolingdistributionsare the areal averages over all
subcells. This frameworkcan treat both the cloud macrogroupingand inhornogeneitymore
rigorously.

As shown in Liarg and Wang (1997), when comparedwith random overlap treatment, the
mosaic treatment that incorporatesthe “macrogrouping”effect calculates a significantlydifferent
atmosphericradiative heating/coolingdistribution. In the tropics, it yields a heating in the upper
troposphereand a cooling in the lowertroposphereespeciallynear the surface;opposite changes
are calcuhed in the middle-to-highlatitudes. Differencesin climate response are substantial,
where the mosaic treatment corrects severalmajor modelbiases. For example, the middle-to-
upper troposphereof the tropics and subtropicsare warmedby more than 3°Cthroughout the
year, while the polar nigh[ stratospherein the NofihernHemispherebecomesmuch warmer,up
to 15’C. The study results clearIysuggestthat the subgridscale cloud-radiationvariability
associated with cloud geometric associationhas an importantimpact on climate simulation.
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Figure L The “mosaic” approach, in which the GCM grid is aggregated into N subcells
horizontalityso that the vertical association due to increasedresolution can be considered more
ealistically. GCM predicts individually the fractionalcoverageof convective (Cc), anvil cirrus
(Ci), and stratiform (Cs) clouds, which are therefore subgrid-scale.

3.1.2 “Stochastic” Ctoud Radiative Forcing

Perhaps the most interesting aspect of the mosaic approachis the “stochastic” cloud radiative
forcing implementedby Liang andWang (1997) to treat the Cs clouds. The stochastic treatment
results from special considerationfor this cloud type: adjacent layers that contain Cs are
vertically aligned by an identical set of random- order subcells to acquire a maximum overlap,
whereas discrete Cs layers use an independentset (i.e., generatedrandomlyeach time) to treat
the overlap, thus producing the “stochastic”characteristicsin the cloud radiative forcing.
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Radiative forcing in the “mosaic” approachwith its inherent“stochastic”characteristics
could differ substantiallyfrom those that use randomoverlapfor treating verticalcloud overlap
in CCM3 (Kiehl, et al., 1996). For example.as illustratedin Fig. 2, the mosaic approachtends to
calculate a smaller solar radiation input (up to 35 Win-2)to the modelclimate system (decreases
in TOA forcing) with most of the d&reases caused by decreasesin the sutiace forcing
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Figure 2. The “stochastic”cloud radiativeeffects associatedwith the “mosaic”approach. The longwave
(LW) and shortwave (SW) cloud radiative forcing (CRF; Win-2)at the top-of-atmosphere (TOA) and on
the surface (SFC) are the differences between the ‘IkIsaic” approach and the CCM3 “random overlap”
scheme (X.iehl, et al., 1996) for the specified verticalcloud distribution(left panel). Each dot represents
one of the 200 mosaic calculations using “tie McClatchey et al. (1972) mid-Iatitude summer model
atmosphere.

However, it is particularly imeresting 10note that the atmosphericabsorption becomeslarger (up
to 10W’m-2)for the two casesof high-middlecloudsand low-middleclouds in the mosaic
treatment,as reflected in the steeper slopes in the TOA-SFCplots, but not for the case of high-

.
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low clouds. The increased atmosphericabsorptionis caused by the enhancedwater vapor
absorption that results from multiple reflections betweenthe clouds.

3.1.3 Cloud Cover Probability Distribution Function

One critical assumption used in Lhg and Wang (1997)is that binary clouds (i.e.,
completelyovercast or clear skies) are used in the individualsubcells. This simplification is
based orIthe statistics that the probability of either cornpletelyovercastor clear skies increases as
the observationarea d=reases.

Liang and Wang (1997) used satellite measured total cloud cover with data cells of (50 Ian)z
over the SGP during the April 6-30, 1994IOP ~oexaminethe cloud cover probability
distributionfunction (PDF)for specilled ranges of cloud mean (CM) amount over a grid of
(1000 km)z area. The results suggest the dominance of either completely overcast or clear skies
in the mesoscale cells for all CM vaIueswhiIe the fraction of partial cloudy conditions is quite
small. They found that the PDF changes gr@ually withCM and mat PDFs are symmetrigabout ‘
CM=50%. They further found that the PDFs for high, middle and low clouds are essentially
similar to those for total cloud cover. In practical applications,given PDFs, the distribution of
subcellcloud fractions can be determinedbased on GCMpredictedCM values. Because of the
variability of cloud overIap and uncert&nties of other cloud information,comparisons of cloud
PDFsmake the model evaluation more vigorous. Therefore,further analyses of observationsand
regionaImodel simulations are warrantedto examine the PDFs at different climate zones.

3.1.4 Vertical Distribution of Cloud Liquid/ice Water

Becausecloud cover is related to theGCM cloudliquid water/iceparameterbation, the
findings of Liang and Wang (1997) were sensitive to the cloud liquid water/ice vertical
distribution. In that study, the model, following Kiehlet al. (1996),assumes that liquid water/ice
decreasesexponentiallywith altitude where the scaleheight is a function of latitude. (Note that
the distribution is prescribed in diagnostic approachversuscalculated in a prognostic approach;
see Slingo, 1987). .Thereforethe fundamentalissue was to determinethe degree to which the
geographicaland vertical disrnbution of cloud liquid/icewater were realistic. To make an initial
evaluationwe used two types of data, the measurementsat Central l?acility/SGP,and simulations
from a cloud resolving model (CR-M)developedat MMIvVNCAR.

For the SGP data, we used the measurementsof cloud baseheights from rnicropuke Mar
(MPL) and column water vapor and cloud LiquidAcepaths from microwaveradiometer (MWR).
Figure 3 shows the summer and winter frequency of cloud occurrence as a function of liquid
water path and cloud base height. Clearly, the distribution function exhibits “stochastic”
characteristics with strong seasonal variation. During winter there are more clouds with lower
bases and larger liquid water, while during summer the cloud base, with a peak at 4 km, extends
to far higher Ievels. We have also studiedcIoudfrequencyas a function of water vapor path and
liquid water path (not shown). Again the seasonalcontrast is large: the summer clouds with
snudlerliquid water are usually associatedwith more water vaporwhile the winter statistics have
quite differentcharacteristics. In collaborationwith L. Harrisonand Q. Min (SUNYA),we are
also in the process of examining the measurementsof surface shortwavefluxes from a multifiher

7
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rotating shadowbandradiometer (MFRSR)and cloud optical propertiesand droplet effective
radius derived from MWR and MFRSR,so that the consistencyof the statistics between the
clouds and shortwaveradiation fluxes can be evaluated.

ARM SGP Ckwd Frtwency (lo+%)

199+96 Wtrtof S Mlnutcs

10 ,- 1

o I I , 1 , r , J

o 1, 2 3 5 e 7 8 9

MWFI UquidWater Pam (10- cm) MWll Uquld Water Palh (10’: cm)

Figure 3. Frequency (in 104 unit) of cloud as a function of cloud base height and column liquid water
path for winter (December-January-February; left panel) and summer (June-July-August; right panel).
The height and path were measured, respectively, by the rnicropulseIidar (MPL) and microwave
radiometer(MWR)at the ARMSGP CentralFaeilicyduringJanuary 1994- December 1996. All data
are averagedover 5 minuteswithcontoursat 2, 5, 10,20, 50, 100,200,300,400, and 500 units.

For CRM data,we adopted the results of Wu et al. ( i997), who used a 2-D model to simulate
tropicalcloud system for a 39-day period(December$ 1992-January12, 1993)during the
TropicalOcean Global Atmosphere(TOGA)CoupledOceanAtmosphereResponse Experiment
(COARE). The dataset has 3-km horizontalresolutioncover@ the TOGAJCOARE900-krn
domain. Averaging over the wholedomain,the statisticsindicate that clouds occur 54% of the ,
time in single (penetrative) towers, 12?6in two distinc[cells, and 4$10in multiple levels.

As shown in Figure 4, most of the penetrativeclouds have a peak water content at 6 km,
whereice formation is maximizednear locaI temperature-IO”C,and a secondarypeak at 4.5 km,
where liquid growth reaches the maximumabove the updraft mass flux maxima. Note that the
peak concentrationof cloud water is independentof cloud base height, which is different from
the exponential decaying verticalprofileadopted by CCM3(Kiehlet al., 1996).
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Figure 4. Statistics of a single-tower cloud simulated by the cloud resolving model over”
TOGA/COAR.E during 5 December 1992-12 January 1993 (VVUet al., 1997). All 15-minute cloud clan
with 3-km horizontal resolution over a 900-km span are used to identify the statistics of single-tower,
which is defined to be an unbroken cloud segment in the venical. (Left panel) The cloud frequency (in
104 unit) as a function of cloud base and top heights with contours at 2, 5, 10, 20, 50, and 100 unirs.
(RighL panel) The cloud liquid water/ice venical scaling profile (concours at 20 u.nis) is defined as
percentages of the cohxrm mean values (dashed line; using the Iower and right scales). The domain
mean temperature profile (thick solid, using the top and left scales) is also shown.

We have conducted a sensitivity study on the effect of cloud liquid/ice vertical distribution on
radiative hemi.ng/cooIingin the atmosphere. The calculations,shown in Figure 5, are based on
an atmosphericmodel consisting of a 50% clear regionand a 5096single cloud tower with two
differentcloud water profiles (one from CCM3 with exponentialdecay characteristicsand the
other derivedfrom the CRM simulations)with identicalcolumn amount. It is quite clear that the
vertical distribution of cloud water affects substantiallythe solar and longwaveradiative
heating/coolingdistribution. The most significant differenceis the shift of the peak net radiative
coolingrate from 2.5*Cat 7 km in the exponentialprofile to 1.5°Cat 10km in the (XM profile.
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Figure 5. The effeet of specifkxl vertical cloud liquid water profiles on ?he radiative heat.inglcooling
disuibution. (Left panel) An atmosphere with 50% clear region and a 50% single cloud tower
extending from surface to 15.5 km is used. Two liquid water profiles, an exponential profile from
CCM3 (dashed line) and the other from CRM simulation (thin solid liie; Fig. 4) with identical column
water of 0.5$1 cm. (Right panel) the shortwave and Iongwave radiative heating rates are calculated
based on the McC1atchy et al. (1972) tropical model atmospheric temperature and moisture with April 1
soktr zenith angle and surface albedo 0.1. Thick solid line is the net (LW+SWI~radiative heating.

3.2 Radiative Effects of Aerosols and Layer Clouds

Objectives: To evaluate and improvethe GCMpatarneterizationsfor shortsvaveand longwave
radiative effects of aerosolsand layer clouds

3.2.1 Aerosols

We have evaluated the longwaveradiationcode (Wanget al., 1991)and the delta-Eddington
shortwavescheme of the NCAR-SUFWAGENESISand NCARCCM3 global climate models
using surface measurementsof shortwaveand longwaveradiationfluxes at Albany, NY during
10/86-9/92and the SGP central facilityduring two IOPS(April 1994and October 1995).
Concumentatmospheric moisture and temperaturedata were taken from radiosondes while
climatologica.1ozone from TOMS was used. For the aerosols,we used the totaI optical depth
dexivedfrom MFRSR measurementswhile valuesfor singlescatteringalbedo and asymmetry
factor were taken from D’AImeidaet al. (1991).

10
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Basedon the results, the followingconclusionscan be made:

● For longwaveradlaaon, the modelcalculationsare in good-agreementwith measured values,
especiallyfor the Albany site (within3 Wrn-2).However,the differences become larger for
the SGP site. Note that the Albany site covers a much longer period (10/86-9/92)and
includes seasonalva@.ationswhile SGP covers only i4ptil 199X

● For shortwave radiation (see Figure 6 and Table 1), the model systematically overestimates
the downyvardflux, an indication of a smaller model atmosphericopacity. The effect of
aerosolsis quite large, decreasingsubstantiallythe shortwaveradiation reaching the surface
and increases the atmosphericabsorption, thus highlighting the importance to include
aerosolsin GCNL -

To further look into the iarge differencein shortwaveradiation reaching the surface as shown
in Table 1, we have conducCedsensitivitycalculations 10 exa.rnim the effects of the input
parameters. The results suggest that the column water vapor and aerosol optical properties play

important roles while the effects of surface albedo and column ozone are relatively small. o ..

Table L Difference in the shortwave radiation (Win-2)between radiation model calculations and
observations. VaIues with aerosols are the means over tie data shown in Figure 6. Aerosol optical
properties were derived from MFRSRmeasurements at both sites by J. Michalsky UfSUNYA.

Incidenton Surface Atmospheric
Site Data Absorption GCM

Period
without with without wirh
aerosols aerosols aerosols aerosols

Albany/NY 10/86-9/92 35.4 19.0 ---- ---- GENESIS

SGP 4/94 IOP 26.2 12.2 -18.3 -9.1 GENESIS
19.1 ---- -12.9 ---- CCM3

10/95IOP 29.1 ---- -33.0 ---- GENESIS
23.0 10.6 -24.1 ~ -16.7 CCM3

3.2.2 Cirrus C]OUdS

Parameterizationsfor the shortwaveand Iongwaveradiative effects of cirrus clouds for use in
GCMSwere developed. In the pamneterizations, cloud particles are assumed to be composedof
randomlyorientedhexagonalcrystals. For shortwaveradiation, the broad band transmittance,
reflectance,and absorptanceare expressedasa function of single scattering albedo, asymmetry
factor and optical depth, which in turn are functions of effective particle radius. For Iongwave
radiation, rhe optical depth and ernissivity are expressed in terms of cloud ice water path. Both
the effective particle radius and ice water path are parametrized to be a function of cloud
temperature. Details of the new parameterizat.ionare describedin Joseph and Wang (1995).

11
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Using this new parametrization with satellite derivedhigh level clouds during tie April
1994IOP over SGP, we conducted a model-to-observationcomparisonof the downwardflux at
the surface and outgoingflux at the TOA for both shortwavearidIongwaveradiation. lhe
results suggest that the new parameterizationwith interactivemicrophysicsand opticalproperties
simulatesbetter agreement with observauons. For example,whencomparedwith the old
parametrization, the new parametrization reducesthe rms differencein tie TOA shortwave
radiationflux by 50’?4.

Comparisons of the cloud optical properties,and shortwaveand Iongwaveradiativefluxes
from the calculations using the new parametrization and the currentcirrus schemeused in
NCARGENESIS,as well as with observationswere conducted. The results indicate that, while
the new parametrization calculates a more realisticcirrus cloud optical properties, the biases in
the calculatedradiative fluxes remain large (JosephandWang, 1997).

4. Other Cited References

(hhte that the references rdated to the project are listed k Section2-).
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