1 3 . 4 EVALUATION OF CLOUD-RADIATION SENSITIVITIES TO ALTERNATIVECLOUD AND CONVECTION SCHEMESSam F. Iacobellis*, Richard C. J. Somerville and Dana E. LaneScripps Institution of OceanographyUniversity of California, San Diego1 . INTRODUCTIONWe have developed asingle-column model(SCM) to investigate the sensitivity of cloud-radiation interactions to various cloud and cumulusconvection parameterizations. Results from acontrol version of the SCM are first evaluated forrealism by comparing model produced clouds andradiative fluxes against surface and satelliteobservations taken at the Atmospheric RadiationMeasurement (ARM) Program Southern GreatPlains (SGP) site. The sensitivity of model radiativefluxes to the cloud and cumulus convectionparameterizations is then analyzed.2 . MODEL DESCRIPTIONThe SCM is adiagnostic model resembling asingle vertical column of a3-dimensional generalcirculation model (GCM).The SCM contains afullset of parameterizations of subgrid physicalprocesses that are normally found in amodernGCMand is applied at aspecific site having ahorizontal extent typical of aGCMgrid cell. Sincethe model is one-dimensional, the advective termsin the budget equations must be specified fromobservations or operational numerical weatherprediction analyses. For amore completediscussion of SCMs, the reader is referred toRandall et al. (1996).The configuration of the single column modelused in this study has 53 vertical layers and atimestep of 7.5 minutes. A diurnally varying solarsignal dependent on the latitude and time of yearis applied at the top of the model atmosphere. TheSCM is modular in design allowing for easyswitching between alternative parameterizations.The control version of the SCM contains thelongwave radiation parameterization of Morcrette(1990) and the solar radiation parameterization ofFouquart and Bonnel (1980). Cloud water andcloud amount are calculated using the formulationof Tiedtke (1993). This cloud scheme introducestwo new prognostic equations for cloud liquidwater/ice and cloud amount. Terms representing---------------------------------------------------------------------------* Corresponding author address: Sam F. Iacobellis,Scripps Institution of Oceanography, 9500 GilmanDr., Dept. 0224, La Jolla, CA 92093-0224.the formation of clouds and cloud water/ice due toconvection, boundary layer turbulence andstratiform condensation processes are included inthese equations. Cloud water/ice is removedthrough evaporation and conversion of clouddroplets and ice to precipitation. The visible cloudoptical depth is calculated using theparameterizations of Slingo (1989) for water cloudsand Ebert and Curry (1992) for ice clouds. Theeffective cloud droplet radius (Re) is computedusing the parameterizations of Bower et al(1994)for liquid water clouds and Wyser (1998) for iceclouds.The SCM employs the cumulus convectionparameterization of Zhang and McFarlane (1995)and the scheme of Hack (1994) for shallowconvection. This is the same cumulus convectionparameterization package contained in the NCARcommunity climate model (CCM3). In this study,the land surface temperature and surface heatfluxes are specified from observations.The SCM is operated in a’relaxation mode’ inwhich the temperature and humidity profiles arerelaxed to the observed profiles using aspecifiedtime constant,where Dis the distance across the SCM domain(370 km), and u and vare the horizontal windcomponents. Use of this relaxation helps to insurethat model errors in the temperature and humidityprofiles remain small without seriously distortingthe atmospheric profiles. The magnitudes of thecorrection terms are usually small compared toother budget components. Further, results fromSCM runs which used no relaxation correctionhave shown that the conclusions derived from theSCM results with relaxation are not dependent onthe inclusion on the correction terms.3 . MODEL EXPERIMENTSNumerical experiments were performed byapplying the SCM in the atmospheric columndirectly over the ARM SGP site. The SCM wasforced with horizontal advection tendencies andvertical velocities calculated using the constrained

t a D u v = + 2 2 2

variational scheme of Zhang and Lin (1997). Thisforcing data was derived from measurementsgathered by radiosondes and wind profilers at theARM SGP site during the four week periodIntensive Observing Period (IOP) in the Summer of1997. We have assumed maximum overlap ofclouds due to the strongly convective atmosphericenvironment at the ARM SGP site during summer.3.1 Control RunThe time series of model produced cloudfraction, downwelling surface shortwave radiation(SWfl), downwelling surface longwave radiation(LWfl), outgoing longwave radiation (OLR),precipitation and cloud water path from the SCMcontrol run (solid lines) are shown together withobserved values (dashed lines) in Figure 1.

0100200300400051015202530(A) Downwelling Surface Solar

Watts m

-2Days Since 18June97325350375400425051015202530(B) Downwelling Surface IR

Watts m

-2Days Since 18June97150200250300350051015202530(C) Outgoing Longwave Radiation

Watts m

-2Days Since 18June970.00.20.40.60.81.0051015202530(D) Cloud Fraction

Cloud FractionDays Since 18June97

0102030051015202530(E) Precipitation

mm day

-1Days Since 18June9705101520051015202530(F) Cloud Water Path

mg cm

-2Days Since 18June97Figure 1. Time series of a) downwelling surface shortwave flux; b) downwelling surface longwave flux; c)outgoing longwave radiation;d)cloud fraction; e)precipitation; andf)cloud waterpath. Solid linesaremodel valuesanddashed linesarefromobservations atthe ARMSGPs i t e .

Overall, the model values compare reasonablywell with most of the observations. The SCMappears to simulate most of the significanttemporal variations in the observed data, however,there are some systematic differences worthnoting. First, the mean LWfl produced by the SCMis lower than the observations by 10-20 W m-2.Other differences arethatthe meanmodel O L R andSWfl are higher than observed byapproximately 15 W m-2and10Wm-2respectively.These differences between the SCMa n d observed radiativefluxes areprobably due to acombination of model errorsinthe cloud a m o u n t , the verticaldistribution of clouds and/or the c l o u d opticalproperties. Since the modeled totalc l o u d fractionalsoappearsto be higher than o b s e r v e d (Figure 1d)andsince alowercloud fractionw o u l d further decrease the LW andincreasethe SWa n d OLR, itwould appearthaterrorsinthe verticaldistribution of clouds and/or cloud opticalproperties are primarily responsible for the errorsi n the SCM radiative fluxes.Since the model temperatures areveryc l o s e to observed due to relaxationandbecause nearlyalllowcloudsareblackintheinfrared, the lowLWflmost likely indicate that the SCM is not producingenough low clouds. This suspicion is reinforcedwhen on compares the model produced lowclouds (defined as clouds occurring between thesurface and 700 mb) to an average of low cloudmeasurements made by ground observers at 5locations within the ARM SGP site as shown inFigure 2. Comparison of the model cloud heightsto Micropulse Lidar (MPL) cloud base height datafrom the ARM SGP site (not shown) also indicatesthat the SCM underestimates the amount of lowoptically thick clouds.

0.00.20.40.60.81.0051015202530Low Cloud Fraction

Low Cloud FractionDays Since 18June97Figure 2 . Low cloud fraction(surfaceto 700 mb)fromthe SCM(solidline)andfromsurfaceobservations (dashed line).Inthe Tiedtke cloud scheme, clouds arisingfromconvective activityareproduced fromt h e detrained cloud watercalculatedbythe c u m u l u s convection scheme. The meanverticalprofile o f detrained cloud waterfromthe control runisshown inFigure 3. There isverylittled e t r a i n e d cloud water below the 600 mblevel. Inthe Zhang-McFarlaneconvection parameterization,detrainment of cloud waterfromthe c u m u l u s towersisrestricted to regions of decreasing c l o u d massfluxwithheight.Thelackof lowclouds int h e control run may be due to this restriction.-0.0010.0000.0010.0020.0030.0041002003004005006007008009001000Cloud Water Detrainmentkg m-3

Pressure (mb)Figure 3. Vertical profile of model calculatedcloud water detrainment from the control run.In our presentation we will show results fromseveral additional model experiments. Some ofthese experiments employ other convectionschemes. The results from these experiments willbe used to determine if the lack of low clouds inthe SCM is due to the particular convectionscheme or due to other missing physics. Resultsfrom other model experiments will be used todetermine the sensitivity of the model radiativefluxes to changes in the parameterization of thecloud optical properties. Of particular interest is theparameterization of ice cloud microphysics such asthe effective particle radius.

4.CONCLUSIONS¥ SCM successfully reproduces most of thesignificant observed temporal variability in severalradiative fluxes.¥ Some SCM biases in these radiative fluxesappear due to a lack of modeled low clouds.¥ The results from additional SCM experiments willbe used to determine if this lack of low clouds isdue to the particular convection scheme.ACKNOWLEDGMENTSThis research was supported in part by the Departmentof Energy under Grant DOEDE-FG03-97-ER62338, theNational Oceanic and Atmospheric Administration underGrant NA77RJ0453, and the National ScienceFoundation under Grants ATM-9612764 and ATM-9814151.REFERENCESBower, K. N., T. W. Choularton, J. Latham, J. Nelson, M.B. Baker, and J. Jenson, 1994: A parameterizationof warm clouds for use in atmospheric generalcirculation models. J. Atmos. Sci., 51, 2722-2732.Ebert, E. E., and J. A. Curry, 1992: A parameterizationof ice cloud optical properties for climate models. J.Geophys. Res., 97, 3831-3836.Fouquart, Y., and B. Bonnel, 1980: Computation of solarheating of the Earth’s atmosphere: a newparameterization. Beitr. Phys. Atmos., 53, 35-62.Gerber, H., and Coauthors, 1998: Measurements ofwave-cloud microphysical properties with two newaircraft probes. Geophy. Res. Lett., 25,1117-1120.Hack, J. J., 1994: Parameterization of moist convectionin the National Center for Atmospheric Researchcommunity climate model (CCM2), J. Geophys.Res., 99, 5551-5568.Mace, G. G., K. Sassen, S. Kinne, and T. P. Ackerman,1998: An examination of cirrus cloudcharacteristics using data from millimeter waveradar and lidar: The 24 April SUCCESS case study,Geophys. Res. Lett., 25, 1133-1136.Morcrette, J.-J., 1990: Impact of changes to theradiation transfer parameterizations plus cloudoptical properties in the ECMWF model. Mon. Wea.Rev., 118, 847-873.Randall, D. A., K.-M. Xu, R. C. J. Somerville, and S.Iacobellis, 1996: Single-column models and cloudensemble models as links between observationsand climate models. J. Climate, 9, 1683-1697.Slingo, A., 1989: A GCM parameterization for theshortwave radiative properties of water clouds. J.Atmos. Sci., 46, 1419-1427.Tiedtke, M., 1993: Representation of clouds in large-scale models. Mon. Wea. Rev., 121, 3040-3061.Wyser, K., 1998: The effective radius in ice clouds. J.Climate, 11, 1793-1802.Young, D. F., P, Minnis, D. Baumgardner, and H.Gerber, 1998: Comparison of in situ and satellite-derived cloud properties during SUCCESS.Geophys. Res. Lett., 25, 1125-1128.Zhang, G. J., and N. A. McFarlane, 1995: Sensitivity ofclimate simulations to the parameterization ofcumulus convection in the Canadian Climate Centregeneral circulation model. Atmos.-Ocean, 33, 407-446.Zhang, M. H., and J. L. Lin, 1997: Constrainedvariational analysis of sounding data based on thecolumn-integrated budgets of mass, heat, moisture and momentum: Approach and application to ARMmeasurements. J. Atmos. Sci., 54, 1503-1524.