1 3 . 7 ANALYSIS OF FORCING METHODS FOR SINGLE-COLUMN MODELSSam F. Iacobellis*, Richard C. J. Somerville and Dana E. LaneScripps Institution of OceanographyUniversity of California, San Diego1 . INTRODUCTIONThe single-column model (SCM) is a diagnosticmodel resembling asingle vertical column of a3-dimensional general circulation model (GCM). TheSCM includes physical parameterizations which arecurrently used in modern GCMs. Due to the one-dimensionality of the SCM, the horizontaladvection of heat, moisture and momentum aresupplied to the model from either observations or3-dimensional numerical analyses. Single-columnmodels are being used increasingly to bothdevelop and evaluate parameterizations and are anintegral component of the Atmospheric RadiationMeasurement (ARM) Program research strategy.Despite the rapid increase in the use of SCMs,there remain important questions in regards to thebest method of forcing or "running" the SCM. Arecent study has found that the temperature andhumidity evolution from aparticular SCM displayedsignificant sensitivity to perturbations in the initialconditions. Itis not known if this sensitivity isunique to the particular model tested or is aninherent feature of all SCMs. An additional issue isthat of relaxation. Itis often desirable to performmodel runs over periods of several days or more inorder to sufficiently evaluate parameterizationperformance. Unfortunately, errors in theobservational data used to force the model can attimes lead to large errors in the model temperatureand humidity profiles. In order to properly test andevaluate parameterizations it is sometimesnecessary to apply a relaxation technique to insurethat the model temperature and humidity profilesdo not depart significantly from observations.Several alternative methods of relaxation,including re-initialization, are available and thereappears to be no general consensus within theSCM community asto which method should beemployed.In this study, we utilize observational data fromthe ARM Southern Great Plains (SGP) site toinvestigate the above questions. In oneexperiment, a series of model runs are performed,each run containing a small random perturbation of---------------------------------------------------------------------------* Corresponding author address: Sam F. Iacobellis,Scripps Institution of Oceanography, 9500 GilmanDr., Dept. 0224, La Jolla, CA 92093-0224.the initial conditions. The results from these runsare used to examine the sensitivity of modelresults from our SCM to the initial conditions. Themodel results that we will present include thetemperature, humidity, surface and TOA radiativeflux budget evolution. We also performed severalmodel runs using various methods of relaxation.The results from these runs are analyzed todetermine the sensitivity of several modeldiagnostic quantities to the method of relaxation.2 . CONTROL VERSION OF SCMThe configuration of the single column modelused in this study has 53 vertical layers and atimestep of 7.5 minutes. The control version of theSCM contains the longwave radiationparameterization of Morcrette (1990) and the solarradiation parameterization of Fouquart and Bonnel(1980). Cloud water and cloud amount arecalculated using the formulation of Tiedtke (1993).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.Numerical 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 constrainedvariational scheme of Zhang and Lin (1997). Thisforcing data was derived from measurementsgathered by radiosondes and wind profilers at theARM SGP site during the three week periodIntensive Observing Period (IOP) in the Summer of1995. We have assumed maximum overlap ofclouds due to the strongly convective atmosphericenvironment at the ARM SGP site during summer.3 . SENSITIVITY TO INITIAL CONDITIONSThe sensitivity of our SCM to the initialconditions was examined by including randomlygenerated errors in the initial profiles oftemperature (T) and specific humidity (q). A total of50 model runs were performed. Each model run utilized a slightly different set of initial conditions byincluding arandom perturbation of +/- 1.0�C (T)and +/- 5% (q) in each model layer. No relaxationwas used in these model runs.Figure 1 shows the standard deviation oftemperature (sT) at 900, 500, and 200 hPa fromthe 50 perturbation runs of the SCM using theSummer 1995 forcing data. The magnitude of sTgenerally increases as the model run progresses intime. The maximum sT for these perturbation runsis approximate 4�K. Maximum values of the specifichumidity standard deviation (sq) (not shown) were3.3 g kg-1. Similar sets of perturbation runs havebeen performed using four other ARM IOP datasets (Fall 1994, Fall 1995, Spring 1996, andSummer 1997) and have in general yielded similarresults. However, perturbation runs using the Fall1994 forcing data yielded very low values of sT andsq. Additionally research is planned to helpdetermine why this data set yielded low values ofsT and sq.SCMs are often used for sensitivity studiesand parameterization development of cloud-radiation schemes. As aresult, it is important tounderstand the effect that small perturbations inthe initial conditions might have on cloud andradiative flux parameters. Figure 2 shows thestandard deviation of cloud fraction (scld), cloudice/water path (scwp), downwelling surfaceshortwave radiation (ssol), and outgoing longwaveradiation (solr) from the 50 perturbation runs usingthe Summer 1995 forcing data. Maximum values ofscld reach approximately 0.30 while scwp reaches amaximum of 30 grams m-2. Maximum values of scldand scwp do not necessarily occur at the same timesince low clouds generally contain much morecloud ice/water than high clouds. As aresult, oneneeds to consider both scld and scwp wheninterpreting the time series of ssol and solr. Maximumvalues of ssol and solr are 40 and 25 Wm-2,respectively. The magnitudes of both ssol and solrindicate that small instrumental errors (representedhere by the added perturbations) in the initialconditions may have significant effects on thevalues of model produced radiative fluxes. Theseresults suggest that when using the SCM in asensitivity study or during parameterizationdevelopment, an ensemble of model runs beperformed, each run using aslightly perturbedinitial profile of temperature and humidity.4. RELAXATION METHODSAs described Section 1, it is often desirable tomaintain the model temperature and humidityprofiles close to observed values using relaxationand/or re-initialization. When the SCM is operatedusing relaxation, the temperature and humidityprofiles are relaxed to the observed profiles usingaspecified time scale, t. The simplest applicationof relaxation is to set t to avalue constant at allheights. An alternative approach is relaxationadvection where t is calculated in each model layeras:

t = +

D u v

2 2 2

where D is the distance across the SCM domain,and u and v are the horizontal wind components.The temperature and humidity profiles may also bere-initialized with observed values at a certainfrequency.Seven additional SCM runs were performedusing various techniques described above to keepthe model temperature and humidity profiles closeto observed. All of these runs used the Summer1995 forcing data. The first two of these runs usedconstant values of the relaxation time scale of 2and 24 hours. The third run used relaxationadvection. The last four runs used re-initializationwith a 24-hour frequency, but with the re-initialization occurring at a different time of day(0000, 0600, 1200, and 1800 hours local time) ineach run.Figure 3 shows the RMS temperaturedifferences (DTRMS)(model -observed) fort h e s e seven runs. Asexpected, DTRMS fromthe runwitht=2 hours is much smaller than with t=24hours.

012345050100150200250300350400450Temperature Standard Deviation

Deg KTIME (hours)Figure 1. Standard deviation of temperature at 900 hPa(solidline),500 hPa(dotted line)and200 hPa(dashed line) from the 50 perturbation runs of the SCM for the Summer 1995 IOP.

The run using relaxation advection produced DTRMS values less than the run with t=24 hours, b u t largerthan the runwitht=2 hours. Note that nearthe surface the values of DTRMS fromthe relaxationadvection runaremuch closerto those fromt h e runwitht=24 hours. This is due to the relativelylow wind speeds near the surface that result in alarger relaxation time scale compared to higheraltitudes. The DTRMS curves fromthe four re-initializationruns areverysimilarto one a n o t h e r withlargervaluesnearthesurface. The m a g n i t u d e ofDTRMSfromtheserunsareverycloseto thatfromthe t=24 hour relaxation run. Near the surface, thevalue of DTRMS fromthe runs re-initializedat0 0 0 0 and1800 areabout 1.5�Klessthan those re-initialized at 0600 and1200 andmaybe related t o the diurnal cycle of convection.The meancumulus massfluxprofiles fromthese runs and the control run(norelaxationorre-initialization)areshown inFigure 4. Fromt h e s e curves itisapparent thatthere isasignificantamount avariabilityinthe cumulus massf l u x d e p e n d i n g on whichrelaxationorre-initializationtechnique isused. The runwhichre-initializedat1800 produced significantly morecumulus massfluxthan anyof the other runs andagainmayb e due to the timing of diurnal cycle of convection.The results fromthese experiments illustratessome potential difficulties thatmayarisew h e n using relaxationand/or re-initializationt e c h n i q u e s . As shown here, the strength of the cumulus massfluxcanbe modified bysimplyalteringthe timeo f dayatwhichthe model temperature andhumidityprofiles arere-initialized. Whilethe d i f f e r e n c e s werenot aslarge,the valueof the relaxationtimescalecanalsoaffect the strength of the c u m u l u s massflux.

00.10.20.30.40.5(A) Cloud Fraction

Cloud Fraction01020304050(B) Column Ice/Water Path

grams m

-201020304050(C) Downwelling Solar

Watts m

-20510152025050100150200250300350400450(D) OLR

Watts mTIME (hours)

-2Figure 2. Standard deviation of a) cloud fraction; b) column ice/water path; c) downwelling surfaceshortwave flux; and d) outgoing longwave radiation from the 50 perturbation runs of the SCM for theSummer 1995 IOP.

01234561002003004005006007008009001000Deg K

Pressure (hPa)(a)01234561002003004005006007008009001000Deg K(b)Figure 3. RMStemperature differences (model -observed). The curves inpanel (a)arefromt h e SCM runs that used 2-hrrelaxation(thin solid); 2 4 - hrrelaxation(thin dashed); andrelaxationadvection (thickdashed). The curves inpanel (b)arefromthe SCMruns thatused 24-hour re-initializationat00hr (thicksolid); 06hr (thin solid);12hr (thin dashed); and 18hr (thick dashed).010203040501002003004005006007008009001000kg m hour

Pressure (hPa)-2-1(a)010203040501002003004005006007008009001000kg m hour-2-1(b)Figure 4. Mean model produced cumulus massflux. The curves in panel (a) are from the SCM runsthat used no relaxation (thick solid); 2-hr relaxation(thin solid); 24-hr relaxation (thin dashed); andrelaxation advection (thick dashed). The curves inpanel (b) are from the SCM runs that used 24 hourre-initialization at 00hr (thick solid); 06hr (thin solid);12hr (thin dashed); and 18hr (thick dashed).4.CONCLUSIONS¥ SCM results are sensitive to perturbations in theinitial profiles of T and q representative of typicalinstrument and measurement errors. The standarddeviation of downwelling surface solar radiation attimes approaches 40 W m-2.¥Results fromperturbation experiments s u g g e s t s thatensemble of SCMruns should be p e r f o r m e d when using the SCMforsensitivity studies orparameterizationdevelopment. Future workwillhelp determine the necessary number o f ensemble runs.¥SCMresults, such asthe meancumulus massflux profile, are sensitive to the time of dayatwhichmodel profiles of temperature andhumidity arere-initialized.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.REFERENCESFouquart, Y., and B. Bonnel, 1980: Computation of solarheating of the Earth’s atmosphere: a newparameterization. Beitr. Phys. Atmos., 53, 35-62.Hack, J. J., 1994: Parameterization of moist convectionin the National Center for Atmospheric Researchcommunity climate model (CCM2), J. Geophys.Res., 99, 5551-5568.Morcrette, J.-J., 1990: Impact of changes to theradiation transfer parameterizations plus cloudoptical properties in the ECMWF model. Mon. Wea.Rev., 118, 847-873.Tiedtke, M., 1993: Representation of clouds in large-scale models. Mon. Wea. Rev., 121, 3040-3061.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.