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ABSTRACT

We compare short forecast errors and the balance of terms in the moisture and tem-
peratire prediction equaticrs which land to thoss errors for the Community Atmesphers
IModel verdons 2 and 3 (CAM?2 and CAM3I). The comparisons are made ab the ARLL
Scathermn Great Plaires site for the April 1087 and June/July 1007 Intersive Ohssrving
Paricds. The goal is to provide imsight inbo parameterization errors in the CANM which
ultimately should lend to model improvements. The atmeosphenc imtial conditions are
ocbtained from ERA4QD reanalvesss The land intial conditions are spun up to be corsistent
with those analvess. We identbify the differences between the model formulaticrs that are
respotsible for the majr differences in the forecast emrors and/ or paramsterization behas-
iors. We perform a sequence of experiments, accumulating the changes from CANMS back
toward CAM2, to demonshrate the effact of the differences in formulations.

In June,/Julv 1907 the CAM3I temperature and meoistire forecast errors were larger
than those of CALM?2. The terms identified as being responsible for the differences were 1)
the cormactive fime scale asmumed for the Zhang-McFarlane desp comrection, 2) fhe ener gy
aszociated with the cormrersion between water and ice of the rain assocated with the Zhang-
IMcFarlane comvection parameterization, and 3) the dependence of the rainfall evaporation
on cloud frackion. The latter o were not included in CAM?2. In April 1097 the CAM?2 and
CAM3 temperature and moistire errors are very similar, but different tendencies arising
from modifications to one parameterization comporent were compersated by responding
changes in ancther component. CAM3J includes detrainment of water by the Hacl shallow
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conveckion to the prognostic cloud water scheme that was not included in CANM2. This
gives a differert tobal parameterization tendency that is balanced b a difference in the
advective tendency to visld the same total moistire tendency. The time scale asaimed
for the Hacl shallew convection was halved in CAM3I. Thus the comvection is relabively
weaaler in CARM? bub thiswas compermsated by the prognestic cloud water parameterization
tendency to give very smilar tobal parameterization tendency. CAM3 alas had a varistv of
changes to the cloud frackion parameterization. Thess affect the radiabive heating which
in tum modifies the shability of the atmeospheric column and affects the comrection. Bub
again, the changes in convection tendency are balanced by dchanges in the prognesiic clownd
water parameterization tendency, vielding o similar total parametenzation tendency.
1. Inbreduction

The Community Atmeosphere Model versen 3 (CAMI), developed in a collaboration
between members of the MNational Center for Atmeospheric Fesanrch and the =sientific re-
sanrch community, was recently relensed for umrestricted use by the gereral commanify.
The CAM3 i= the atmospheric comporent of the new version of the Community Climate
System Model (CCBM3) which is intended for coupled ocean-atmesphere-saa-ice applica-
tions, including climate change studies such as thoss carried out for the IPCC. The CCOSMM3
iz documented in Collins et al. (2006a) and in a series of papers in a special i=sue of the
Journal of Climate (2006, Vol 19, 2121-2632).

The CAM3 can alsc be run in a stand-alone mode with specified Sea Surface Temper-
atires (35T ) and sen-ice extent while coupled with the Community Land NModel (CLL)
(Bonan et al. 2002a; Ole=on eb al. 2004). A complete technical desription of CANMI i=
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provided by Collins et al. (2004). It is closaly related o its predecessor CAM?2 (Collins o
al. 2003, IKiehl and Gent 2004 ) with o few of its component parameterizations essanfially
unchanged. Nevertheless, extersive modificatiors have been imtroduced inbo fhe clood
and pracipitation processss to remove inconsisbencies in the treatmernt of clouds that were
present in CAM?2, to amelicrate hiasss in the climate simmlated by CAM2, and to provide
new mechanizms for the inberacticms betwesn cloud properties and other components of
the model (Boville of al. 20068},

Compared to CAM? the prognesbic clowd water scheme of Fasch and Iristjansson
(1988 was updated by Zhang o al. (2003). CAMS3I has ssparate prognestic equations for
liquid arnd ice condermnte, includes detrainment, sadimentation, and resclved scale advec-
tion of cloud condenmate, and freats frozen and liguid precipifation separately. Snowfall i=
compited explicitly in CAM3 and the latent hent of fusion i= included for all freszing and
melting processes which eliminates an energy inconsstency that was present in the CANM?2
formulation.

Both desp and shallewr comrechion parameterizaticrs can detrain cloud condersate
directly into stratiform couds. CAM? included detrainment of condensate, butb it was 1sad
chly to moisten the large scale envircnmernt. The comective parameterizations themssalves
ware not modifisd to include laternt heat of fusion. Instend a ssparate step follows each
scheme in which the condensate is partitioned inbo 1o and liguid. Evaporation is included
for sadimenting cloud particles and for all parameterized sources of precipitation at o rate
determined from Sundgviss (1888). CAM3I al= has medifications to the diagnestic clewd

fracticon formulation which will be detailed later.



Fadiative processss in the CALS have alas been updated. The radintion code includes
a genetalized trestment of cloud gecmetrical cverlap. In addition, CAMI includes the
radiative effects of an aercasl climatology in the calculation of shorterave flues and heating
rates The CAM? used globally uniform =silfate asrcecl distributicn. Thess and additicnal
changes are described in Collins ot al. (2006h ).

Idarm: of the formulation changes summmarized above were imbroduced to eliminate
significant biases in CAM?2 which limited its utility for several applications. For example
the tropical tropopass was too cold in CAM2 by around 3 I8 Thisresulted in an unrealiskic
drving of the sratesphere (Boville ot al. 2006). As part of the development and ewaluation
of CAM3, adjustable cosfficients in the parameterization of clouds and precipitation were
also modified. Such changes are desitable in order to produce smilar and realisbic cloud
radiative forcng characteristics when the modeal is applied at differert esclubions. Haclk
et al. (2006b) provide an excellent overview of the nead to “tune” adjustable paramsters
in resporse to changes in large scale fields which accomparn: reaslubion changes.

As alluded to above, the CALI was developed by comparing its simulated climate
to similar statistics obfained from atmespheric oheservations and analyvess, with the goal
of matching the atmeospheric statistics as clesely as possible. In factk CAMS3, albhough nob
petfack, provides a betiber match than CAM? did, indicating that the design criteria were
largely =atisfied. Collins et al. (2006a) cite improvemnents in the bereal winter land-airface
temperatires, surface insclation, and clear-slky airface radinfion in polar regions. Collins
et al. (2006b) demonshrate that CAL3I hasmeore realistic fropical fropopaiss temperatires

and spatial struchire of tropical precipitation. Thev also show that the radiative effects
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of troplcal clouds improved correlaticrs of shortwave and longwave cloud forcng. Thew
atfribube thess improvements to the inbroduckion of cormmective cloud cover, the addition of
sadimertation and advectiocn of cloud condensnte and the export of liguid water produced
b the shallew comvechion scheme to the parameterizations of cloud condersate. Boville o6
al. (2006} decument the improvements in the tropical tropopauss temperatire and elate
them to specific changes in the clouds and precpitation parameterizations. Haclk et al.
(200Ba) present aspects of the global lndrological ccle and Rasch o al. (2006 discuss
the tropical transient aspect of the lndrological cycle. Humell o6 al.  (2008) deacribe
the dynamical simulation of the CAM3I. All the=ss papers and others in the special i=sue
(Jowrnal of Climate, 2006, Vol 19, 2121-2632) indicate that the simulated climate of
CANM3 i= an improvement owver that produced by ite predecessor CANM2. While all thess
papers concentrate on improvements to the simulated climate thev alas s imporbant
remaining hiases which reduce the fidslity of CANM3J simulaticns.
2. CAMS3I versus CAM2

Az indicated above, CAM3I doss a aedible ob of simulating current climate; however,
for it to be most ussful 1t mmast do so by correchly simulating the processss that create that
climate. Evaluation of thoss processss when the modal is inite climate equiliboum mayv be
misleading becauss a process might be responding to o ceating compensating errors. In
addition evaluation of the modeled processssisdifficult and perhapsnot posable ona global
scale. However, with collengues at P CMDI we hove developed an approach to encamine the
processss in climate models by follewing the lead of WP model development: that is to

examine the climate modsl applisd to weather forecastz. The goal isnot to produce the best
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possible forecast, but rather to compare model parameterized wariables such as clouds and
radiaticn and parameterized tendencies to detoiled eshimabes from fisld campaigre such
as provided by the DOE Atmeospheric Radiation Measurement (ARM) program. Such
comparisors can only be made in limited regiors and for limited pericds, but they do
shed light on how the models are worlking there. The parameterizcations are examinsd
when they are based on the ob=sred atmospheric shate rather thoan a model simmalated
shate. Chr general approach, which has been named the CCPP-ARM Parameterization
Testbed (CAPT) is described in Phillips ef al. (2004). We emphasize that cur goal is to
gain insight inbo model parameterization emrors, which we hope will lend to suggestions for
model improvemnents. Boyle at al. (2005) and Williamson et al. {2005 apply the approach
to CAM? for a few periods and locations

Here we compare forecasts made by CANM3 to matching cnes made by CAM? ot the
ARM Southem Great Plains (SGP) site for the April 1997 and June /July 1987 Infensive
Observing Pericds (ICP). Both versoms were run at T+2 spectral truncation with 26
vertical levels. We do not cataloz the details of all the differences hetween CANM?2 and
CAMS3. Similarly we do not idenfify the effect of all thoss differences between CAM2 and
CANM3 onthe errorsin the modeled processss or in the balances between processes Father
wa identify the primary differences betwesn the model formulations that are responable
for the majer differences in the forecast errors and /or parameterization behovior. As will
be ssen the=e imvolve the changss in the wmlues of some paramsters, dhanges in the detiails
of some parameterizabions, and the inclusion of additional processes in CAM3.

William=on et al. (2005) showed that for thess periods and locations the primary
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CAM? forecnst errors form rapidly within 24 hours. We hove found that the errors in
CAM3I are similar to thees in CAM? and form equally rapidly,. Therefore we corsider
the temperature and specific hmmidity errors of 24 hour forecasts and the terms in the
temperatire and moisture prediction equations averaged owver the first 24 howrs of the
terecnste. In addition, to reduce the noise we conslder compeodte forecast errors rather
than the emrcrs of individual forecasts  The composites are chosen orer forecasts with
commen errors and behavior as in Williamson et al. (2005). The rationale given there for
CANM? applies equally 6o the CAM3J forecast=

The specific umiditv and thermodynamic prognostic equations can be writbten

—:—'\-’.Tq—-:'r—;-l-.b_ I:].'I
aT aT w
% — A N g 3
=-%.5T -:r; +r-.1"p+r.;!' (2}

where the moisture soirce term 5 and heating term ) repressmt the sub-grid =cals param-
eterizaticns. The first two terms on the right-hand-sdes of (1) and (2) are the horizontal
and verfical advection. We also consider the sum of these two — referred to a= the fofal
advection. We refer to the term «Tw/p in (2} as the energy conversion ferm since the
momentum eguation includes a comesponding tenm and the global imbegrals of the two
summ to zero in the bobal ener gy equation.

For the purposss of idemtification in the following analvas of differences we define
here the terms we will use fo characterize the various processss encamined. In general, we
separate the parameterizations, 5 and o, infio three primary components referred fo as the

moid processes parameferization, the planefary boundary layer (PBL) paramsterization,
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and radmafion. The last has no ditect effect o 5. The PBEL parameterization includes the
sirface flinces which are disiributed in the vertical by the PBL paramsterization (Holtslag
and Boville, 1903). The meoist processes include the Zhang and McFarlane (1995) deep
convection parameterization, the Hack (1904) shallew comvechion parameterization, and
a prognostic cloud water parameterization (Rasch and Krshjarsson, 1008) These thiee
can be thought of as aeating condermate or rain water from wabter wmpor. We mefer to
the=e a= the primary parameferization schemes included in the meoish processss, but each
has complemertary processss associated with it which ach on the conden=ate produced by
of that primary paramsterization. Thess processss include the evaporation of falling rain
waber created by the prognostic cloud water, by the Zhang-IMcFarlane deep convection
parameterization, and by the Haclk shallow parameterization We refer to these as remmfall
evaporation. In CAM? there iz no mainfall evaporation asociated with the Hack shallow
parameterization. CAM? includes o term associated with the ZThang-IMcFarlane deep con-
vechicn parameterization that evaporates a frackion of the debrained water back inko the
envircniment. We refer to this as environmental defrainment. This term is not included in
CAM3. Additional processes included in CAMS3 which are not included in CAM?2 are the
paridioning of condensafe infio liquid and ice, the freezmg of rain watber to snow or ice and
the inverss melfmg of snow or ice back o rain water. Thess are associated with each of
the thres primary parameterizaticns of the meoist processss and all follow the formalaticn
of Basch and Iristjansson (1098). As menbicned earlier, this aspect of mnow formabion
provides an energy consistency in CAM3 that was lacking in CAM2.

TWe u= the same atmosphere and land initial conditions for CAM3I as were ussd for
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CAM?2 in Bovle at al. (2005) and Williamson o al. (2005) with minor modifications
required by differences in the modsls. Thess will be described shorkly, The imtial atme-
spheric conditions for the earlisr CAM? forecasts were obtained by mapping high resclubicn
ECMWTF reanalyses (ERA4D, Simmeons and Gibson, 2000) to the coarss resclution CALL
grid in a way that is cormistent with the low resclufion topography, and leads to smooth,
balanced forecasts. We followed the interpolation method 1sed in the IFS system jointly
developed by the ECMWTF and MMetec-France (Whike, 2001). In the CAM? shudy we also
created inifial conditiors from the NCEP-DOE reanalyses (B2, Ianamit=a e al. 2002).
The genetal characteristics of the forecast errors from the two sats of inibial conditicrs
were the mme, although the magnitudes of the emrcrs differed scmewhat. By compari=son
with the independent ARM data at the SGP site, we concluded that the ERA4D initial
conditions provided a better indication of the CAM emror even though in June/Julv 1887
the model emrcr was actually larger with the ERA40 initinl conditions than with the R2
(Williamsen et al. 2005). The R2 initial conditions combained less meisture than in reality
(o= determined from the ARM chssrvations), and this lower meisture amount was more
consistent with the CAM2 nakural emrers, landing fo a amaller buk less representative error
in the forecasts Therefore, here we comsider only forecasts from ERA4D.

The land initial conditions for the CLM2 which was coupled to CAM? were obbainad
bw aspirrup procedure in which the CLIM? responds to and inkeracts with the CANM?2 while
the CAM? is forced with the ERA 40 analy=es to evolve like the chesrved atmosphere. This
iz described in mete detail in Phillips et al. (2004) and in Bovle et al. (2005). Some
indication of the quality of the land initial conditions is provided in Bovle o6 al. (2005
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and Wiliamson o al. (2005) where it is argued that amy defidencies in the land initial
conditions are ot responaible for the primary errors ssen in thoss papers in the atmosphenc
terecnste. The CLIM2 was based on o grid boe contnining maltiple plant function types,
each with its own soil column. The CLLMS includes the effects of competition for waber
among plant function trpes by having o angls a0l column shared by all the plamt funchion
trpes within a grid box (Bonan et al. 2002a; Cleson et al. 2004). For the CLLE/CAN3
forecasts cormidered in the following we set the inibial scil column in each grid box to
match the initial CLAM2 colimmn of the dominant plant fundcion frpe. We also carried outb
forecasts uang the overage of the CLL2 =01l columns in each grid bow weighted by plak
trpe frackion, and using the criginal CAM? inifial data with CLL3 ==t in norrcompete
mode with multiple scil columre in the grid bac. The differences between the CANM3
forecasks were mimmal.

The prognostic parameterized varables, i.e. those variables which carry information
from one fime step to the neod, were initialized in the spinrup procedure ussd for the land.
The cnly medification to the CAM? variables needed for CAMSI was to parbition the totial
condersate imbo liguid and ice forms. The algorithm included in the CAM? prognostic
cloud waber scheme (Rasch and Iriskjan=son, 1988) was usad.

We emphasize that we corsider only two specific seasons (April 1897 and June/ July
1887) at a single grid column, namesly the ARLM SGP site. However, the April case deoes
appeat fio be represntative of other vears (Bovle ek al. 2005), and the Juns/July errors
might be relewmnt o the modal behmricr in otber moist regions such as the tropical western
Pacific (Williamson et al. 2005). The analysis presenfied here is not necessarily represen-

10



tofive of the model’s behovicr everawhere, Mevertheless, then do however shed szme light
on the worlkings of some of the parameterizaticns.

We calculate the model errcrs by comparing with the ARM IOP data s=te that were
devaloped for fordng and diagnosing angle colimmn and cloud resclving models Thess have
been processed with the constrained variational analyss method of Zhang and Lin (1997)
and Zhang et al. (2001). Thess data include the variables neaded to drive sngle column
models and additicnal fislds mich as esbimates of the sub-grid scale forcing equimlent to
what would be calculated by a model parameterization =uite. Thess are obtained as a
residual of the tobal tendency minue the advedhive or dynamical terms.

To demorstrates the changes in modsl formulation that we hove identified as responsi-
ble for the major differences between the CANM? and CAMS3 forecast errcrs we start with
the CAMS3 formulation and modify =lected aspechs to match those of CANM2. We perform
a saquence of experiments, accumulating the changes from CAM3I back toward CAM2
Ench ==t of forecasts in the saquence will be referred to as an “experiment”.

3. June/ July 1887 IOP Forecasts

Williamson et al. (2005) showed that the dominant errers in CAM? in June /July ab
the 5GP =site were persistent, occurring in every forecasi. Thersfore we average cover all
forecasts for this pericd as was done in the analyvas of Williamson o6 al. (2005). Fig. 1a
and b show the vertical profiles of the mean forecast temperatiure and specfic umidit
errors ab day 1 for CAMS (=olid line ) and CAM? (shork dashed line) ab the ARM 5GP ate.
The CAM? wnlues replicate the correspornding DAY 1 curves in Fig. 1 of Willinmson et
al. (2005). The long dashed line is from an addifional experiment which will be discu=sad
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shortly,. The CAM3I errcrs are larger than the CAM? errces ab thi=s location and ssason.
Corresponding profiles of June, July amulation climatological errors ab this grid point are
shown in Fig. 1c and d for CAMS and CANM2. The larger CANM3I upper tropospheric
forecast ternperature error isreflected in the CAMI climatological error also being lar ger
than that of CAM2. CANM? has a larger lower tropospheric climatological temperature
error becauss the land meodel develops a warm, dry bias (Bonan et al. 2002h) in the
simnmer. This errcor develops in the climate simulation cn a longer fime scale than the
short forecasts considered here. The CANM3 climatological meoistire bias is alss larger
than that of CAM? ewept near the mirface where the CAM?2 land drv bias affects the
atmospheric climatology. Again the land climatological hins s=ts up over a longer period
than the few dav forecasts commiderad here. The CAM forecast biases do appear to be
ralevant o the climatological biasss.

Williamson et al. (2005) show that the meist processes are driving mest of the tem-
peratire error in the CAM? forecasts at this season, and within that set of processes, the
Zhang-lMcFarlane desp convechion parameterization is dominant, the others being rela-
tively inactive, Of course, n= pointed cuf there, the formulation of the parameterization
might not be in error. It might be responding to errors in ofher processes. MNevertheless,
it 1= o good starfing point to attempt to understand the sources of the errors, or differ-
ences i the errors that are indicated here. Two parameters in the Zhang-IcFarlane desp
convection parameterization that differ between CAM? and CANM3J are the time scale for
convection (2 hours in CAM2, 1 howr in CAM3), and a cosfficient confirclling the autocon-
version of cloud water to precipitation as it is lifted (2 <1074 in CALNL2 3 <107% in CAM3.)
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The incrense in the avtocomrersion coefficient in CAM3 results in more rain waber heing
produced which becomes awnilable for evaporation as it falls through lower lavers. The
time scale difference makes the comvection more ackive in CAM3I. The errors from a set of
forecasts from CANM3I with thess fwo parameters set back to their CAM? wmlues are also
plotted in Fig. la and b as the long doshed line. We label this EXPI]. The temperaturs
errot from this experiment falls half way between CANMI and CAM? values eccept arcund
T00mb where the errcr is less than that of CAM2. The meisture error is fwo-thirds of the
way from CAMS3 to CAM?2, with no particularly noticeable feature at 700mb. A ssparate
et of forecosts changing only the comective time scale from the CAMSI to the CANM2
value (not shown) shows that the changes from CAMS to EXPJ] s=en in Fig. laand b are
primanly due to the comvechive time scale change and nob to the dhange in autooomrersion
coetficient.

Fiz. 2a and b show the 24-howr averaged total temperature and meoisture tendencies
along with their two components, the dynamics or advection tendencies and the parameter-
ization tendencies, for the CANI, CAM? and EXPJ1. The dynamics cools more in CALM3
than CAM?2 througheot the column (Fig 2a). Presumably the diynamics are responding
to the differences caused by the parametenzations during the firsh dayv snce the diynam-
ical appracimaticns are idenfical in CAM? and CAMS3, and the inifial data and =irface
boundary data are mearly the same. In fach examination of 3-hour averages shows that
the dynamics and meistiure adveckions in CAMSI match thoss of CAM? during the part of
the day when the comvection i= inachive (6-15 hours). The differences in temperature and

moistire created by the parameterizations during the first 6 hours are nob larse to affect
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the dyvnamics and advection from 6-15 hours. The dynamics and advection differences then
grow from 15-24 hours when the convechion is active. The comrechion gives a different hent-
ing rate which in tum drives a different vertical motion. The differences in the diynamics
are in fack in the verbtical adveckion and ener gy converson term. The horizontal adveckion
matches in the CAM?2 and CAM3 forecasts. Thizs was further verifisad by ecamining ===
of forecasts imtialized at O6Z and at 1272, The dyvnamics and moisture advechion matdh in
the two stz of forecasts before the comvection iz ackivated. The dinamical tendency in
EXPJ] with the comvective time scale and autoconverson cosfficient ==t to CAM?2 values
iz closer to that of CARM2 (Fig. 2a), consishent with the state being clossr to that of CAM2.
However the parameterized henting and moistening still differ hetween EXFPJ] and CAM?2.
William=on et al. (2005) compared the CAM? parameterized moistening to that from the
AFRM variaticnal data s=t. Thi=s showed significant errors in CAM?2 which are encacerbated
in CAM3. Fig. 2c indicates that the difference is primarily caused by the moish processas,
with a veryv small combribubicn from the radiabicn.

Fiz. Ja shows the temperature tendency for the thres primary parameterization
schemes comprising the moist processes which crente condermate. Fig. 3b, ¢, and d show
the additicnal processes assocated with each of the primary scheme=s Fig. Ja mepresents
the conversion of wmpor to liquid condenzsate in the case of the progoostic cloud waber
scheme and to rain or defrained wabter for the Zhang-MMcFarlane desp and Hacle shallowr
convection parameterizaticns. The Zhang-RcFarlane deep comrection is the dominans
compeonent and EXPIL is close bub not identical to CAM2. Fig. 3b shows the rainfall

evaporation associated with the thres parameterzations for the thres experimerts This
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term includes the evaporation of cloud wabker sedimentation in the prognostic cloud waber
scheme; however that component is negligible in thess experiments. CAM? did not include
rainfall evmporation with the Haclk shallew scheme, but that term is al=as essentially zeroin
CAM3 and EXPJI] and is not resporsible for the differences. The rainfall ewmporation is
ralatively mmall for the prognostic clowud water scheme. The rainfall emporation associated
with the Zhang-McFarlare desp conveciion dominates the three and for if, EXPI] i= closer
to CANM3. Fig. ic shows henting due to the freezing of rain water to ice or snow associabed
with each =cheme. This iz essertially the ice/liquid repartiticmng for the progoostic cloud
water sdieme with a similar repartitioning applied to the rain waber produced by the two
convection schemes. In the prognostic cloud water sdiemme this term includes addibicnal
freecing of cloud water bub this aspect 1= megligible here. Fiz. 3d shows the cooling due to
the melbing of muow for each schemes. Thess lash o processss immvolving liquid fice corrrer-
sions were not included in CAM? for anv of the primary parameterizations. Fig. 3c and d
show that thess comversion ferms are small for the Had shallew and prognostic cloud wa-
ter parameterizations and that the comreraore associated with the Zhang-McFarlane desp
convection scheme dominate. The tendencies of EXP 1 remain close to these of CAMI a=
opposed to zero in CAM? indicating that thess processes are likely to be responsble for
some of the differences between CAMSI and CAM2.

Theretore we carried ocub a series of forecasts based on EXFJI1 with the cormrersion
betwesn water and ice associated with the comrechion paramsterizatiorns eliminated. We
refer to this experiment as EXFP J2. Results are shown in Fig. 4+ Compan=on of EXPI2

in Fig. 4a with EXFPJ]1 in Fig. la shows that the temperatire differences with CAN2
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hove been reduced in EXFI2, especially in the upper tropesphers. The moistiure differ-
ences have been only slightly reduced in EXPJ2 in the lower troposphere (Fig, b versus
Fig. 1b) Note that the phass comersion does not directly affect the atmespheric water
vapor specific mmidity. It only directly affects the temperature, and ice and liguid water
components. The kink befween 00mb and 700mb in the temperature emror in CAM3
(Fig. +a) iz eliminated in EXPJ2. It was caused by the melfing of falling snow which lad o
localized cocling there (Fig. 3d). The difference in heating from the Zhang-IMcFarlane desp
convection scheme (Fig. 4c) between CAM?2 and EXPI? is tather small. The difference in
tempearatire emror however is not negligibls. Betwesn I00mb and 200mb the difference in
temperatire between EXP J2 and CAM? (Fig. 4a) is neatly consbant. Similarly the water
vapor also shows a mearly corstant difference from 300mb to 500mb (Fig. +h), and that
difference mimics the rainfall evaporation difference in temperature assocated with the
Zhang-McFarlane deep comvection parameterization (Fig. 4d). MNote that the correspond-
ing waber vapor tendencies from rainfall evaperation (not shown) are jush the negative of
the temperatine tendencies scaled by the latent bheat of wmpotization. Thus one suspects
there i=s a remaining difference in the rainfall evaporation formmulaticn between EXFPJI2 and
CAM?2. That is in fack the case. A mulbiplicative term (1 — C¢) was included in CAM3 in
the mainfall evapeoration equation, where C; is the cloud frachion.

Fiz. 5 shows the result of a ssries of forecasts with the parameterizations as in EXPJ2
and the cloud fackion term eliminated from the comreckive rainfall evaporation eguation
(EXPJ3). Now the q error in EXP I3 is very clese to that of CAM2 (Fig. 5b) and the

evaporation term it==lf is also very close to that of CAM? (Fig. 5d). The temperature ten-
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dency from comreraon of wmpor to liguid in the Zhang-MMcFarlane deep comrechion scheme
matches CAM2 well with slight differences arcimd 500mb (Fig. 5c). The temperatire error
itmalf shows differences with CAM?2 of 0.5I above 500mb (Fig. Sa).

At thiz point we have idenfified the primarv changes that were responsible for the
differences betwesn CAMS and CAM?2 in June/ July 1007 at the 8GP =ite. They are all as-
sociated with the Zhang-McFarlane deep cotvection. Small differenices do however temain.
In particular note that the prognosbic cloud water tendency in EXP I3 remuirs differert
fromm CARMM2 (vellow lines, Fig. 5c). Thete are also differences in other terms. Fig. fa
shows the tendencies for the total meoist processes, PBEL, and radinfion parameterizafions
for CALL3, CAM2, and EXPI3. The tokal meist processes for EXPII are significantly
closer o CANM? over much of the fropeephere than the Thang-IMcFarlane desp convection
parameterization alone is (Fig. 5c) indicabing scme compensation from other meoist pro-
camsas such as prognostic cloud water also ssen in Fig. 5. The radiation heating in EXF I3
iz actually farther from CAM? than it is from CAMI. The individual components shown
in Fig. 6b indicate that mest of the radiation difference iz in the longwore component,
probably related to differences in the paramsterized clouds, Changes in the cloud fackion
parameterization will be considersd in the mext sachion. It appears we have hit the point
of diminishing refums in chasing down the sources of the remaining differences. Therefors
we do not pursue the effect of changes in other comporents of CAM for this pericd o= the
remaining differences are rather mmall. Many of the differences between CANM? and CANM3
are rather subtls and their effechs on the climate are inberactive. In the prognostic waber

parameterization the differences include methods of solubion of an crdinary differential
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equation associabed with the microphisics. In ome verson an BEuler Forward or Bacloward
scheme iz ussd depending on the relafive size of the mource term, in the otber the Eu-
ler Bacloward is alwors used. There are also differences in the handling of cloud waber
changes when the cloud volimme changes. We conader some of the prognosbic cloud waber
differences in the next saction for a situation where it and the Hacl shallow convection
parameterization are dominant and the Zhang-IMcFarlane desp convechion is inackive.

4+ April 1887 I0OP Forecasts

We now consider forecasts initialized in April 1087, Williamson et al. {2005 showed
that unlike the summer case, in Aprl the CAM2 captures the episcdic natiure of the
precipitation cobesrved in ARL wverv well The terms in the moisture and temperature
prediciion equations are very different on rain and no rain days. Therefore, for the April
forecasts we conslder composites of davs with significant precipitation. The compositing
iz done here exactly as it was done in Willinmson et al. {2005). We do not compare the
composite forecast temper atinre and meoisture errors with the model samuilated climate errcr
as we did in July since the compeosite epresents cnly a small sample of states comprising
the climabs.

Fiz. Va shows the vertical profiles of the O-24 hour average total meoistire tendency
along with its two components, adveckion and parameterization for CARMSI (sclid line)
and CAM? (short dashed line). The long dashed line shows the ARM estimates from
the varational analysis. The total tendency is very similar in CAM2 and CALMS, bub
both are different from ARM as discussad in Williamson et al. (2005) for CAM2. The
CAM?2 and CAMS3 specific humidity errors at day 1 (not shown, but which, with units
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2/kg, are simply the difference between a CAM ciurve and the ARM curve in Fig. 7a)
increnses with incrensing pressure to arcund 1 g/kg at 850 mb, then jumps fo arcund 3
2/kg approaching the surface. The CAM2 and CAM3 femperatire tendencies (not shown)
are also very amilar to eadh other, vielding similar temperature errcrs ab day 1. These
erroms are small from the tropopanse down to 300mb, then ange arcund 114 from 300mb fo
f50mb and increass to 410 at 750mb and below. The error can be ssen for CALM? in Fig. &
of Williamson et al. (2005). Albhough the temperature and meisture errors in CAM?2 and
CADMS3 are very smilar, we will 322 in the following that there are compensating resporses
in the dynoamics and parametenzations to changes in the parameterizations that create
those =ame total errors in the o models This as components of the paramsterization
suite are changed from CAM3 back to CAM2, other components respond to compensate
and lead to a rather inariant total tendency.

Fig. 7a shows that the two compeonents of the total tendency, advechion (ADV) and
parameterizations (PAR) are very smilar in CAM?2 and CAMS except ab a single grid level
(B75mb ) where a compensating decrease cocirs in both compeonents in CAM3 compared o
CAM?2, taking each further from the ARM estimates Since the advection approcdmations
are idenfical in CAM?2 and CAM3, and snce the initial conditions are also the same in the
two encperiments, the advechion difference is probably a reflechion of different heating rates
produced by the differert paramsterizations in the tro models as was argued o the Julw
coma above. Above 000mb the parameterizations in CAM? are dominated by the meoish
processes (W illiamson et al. 2005). As might be expected, this is also the case in CAMS.

Fiz. b showsthe tobal moist process tendency and the tendences of the thres primary
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parameterizaticre for CANMI and CANM2. The tendencies from the associated raintall
evaporations (and emvircmmental defraimment associated with the Zhang-IMcFarlane deep
convection scheme in CAM?2) contribute litkle to the tobal meoist process tendencies ab
thizs column and therefore are not included in the figire (see Fig. fd of Williamson =
al. (2005} for CAM? curves. ) The Hack shallew convechion (green ciurves) generally has
stronger drving in CAMS than in CANM2, while the prognestic cloud parameterization
(vellow curves) shows le=s dryving in CAMS3 than in CAM?, firning to meoisbening at the
f75mb grid level in CAM3I. The differences in the tendencies of the two components
compensate in most of the troposphere excapt at the two grid levels above YOOmb where
the prognoskic cloud water parameterization is moistening the atmosphere in CAM3. Since
the prognostic cloud water scheme iz a vapor source there in CAM3I and not in CAM2,
scme other process in CAM3 i= probably providing liguid water to the prognostic cload
water scheme which is then ovailable for evaporation. We sssk to idemhifyr sudh a source by
examining the compeonents of the clowd liquid as oppeosed o the wmpor budget of Fig. 7a
and b.

Fig. 7c. shows the dominant cloud liguid water budget terms for the CANMI forecasts.
Only the total liquid water tendency (labelad D{H20)/DT) and the mest significant terms
which male up the total are included. Thess are the formation of liquid conden=ate from
vapor by the progoostic cloud water scheme (Q—H20 ), the comversion of liquid condensate
torain (H2O—=PRECIP), the comversion of liquid condensate to ice (H20—ICE), and the
convective detrainment of water (DETRAIN). The formation of liquid condensate from
vapor by the prognestic cloud water scheme (Q—H20) is the mirror image of the wmper

20



tendency from the prognostic cloud water scheme (vellow line, Fig. Th) except in the up-
per troposphers where comersion to ice also comes imbo play,. The comrechive detrainmert
of waber to the cloud water scheme (green line, Fig. 7c) is a large source of liquid waber
above TOOmb in CAMI. CAM? included detrainment of water from the Zhang-McFarlane
desp commvection scheme but not from the Hack shallow scheme. CARMS alas includes it
from the Hack shallow scheme. Since the Zhang-IMcFarlane tendency 1s not significant in
the=e forecasts, the Hack shallow scheme must be responable for the cbhssrved detrain-
ment in CANM3. Therefcre we performed a series of forecasts with CAMI bub eliminating
the comrective detrainmert of water from the Haclk shallersr comrechive paramsterization
(EXPAL).

Fig. 7d. shows the cloud water budget terms from EXPAL which is boasad cn CANM3
bk hns the Hack shallow commvective detrainment of water eliminated to match CAM2. By
design the comective defrainment (DETRAIN) in this case is close to zero (possibly not
idemtically zero since the Zhong-hMcFarlane desp convedhion parameterization might =hill
detrain). Without that liquid =curce in the cloud water balance, the formation of ligud
condersate from wapeor by the prognosic cloud water scheme (Q—H20) is now positive ev-
ervwhere indicating that there isno vapor sournce from ewnporating liquid condersate in the
prognostic cloud water scheme in EXPAL. This is verified in Fig. &a which shows the wmpor
bud get tendency terms for EXPAL along with repeating thoss of CAM? and CAM3I. The
prognestic cloud parameterization tendency (vellow line) i= negative evervwhere above the
first model leval. In fact both the Hacdk shallow comrection and the prognostic cloud waber

tendencies in EXPA] are very similar to thoss of CAM2. The total meoist parameterization
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tendencies for CAM? and EXPAL are also very similar as shown in Fig. 8b.

Although with thiz one change the fobal mois process and the primary parameteri-
zabion tendencies new match CAM? clessly, there may be other significant changes frem
CAM?2 to CAM3I. We are aware of ancther that we would enpect o have o =i gnificant effeck
on the modsl behavicr given the resulbz in the Jure /July cass dismussed earlier, namesly o
decrenss in the adjustment time scale of the Haclk shallew comvection from 60 mimtes to
30 mimites A smilar changs in the Zhang-McFarlare deep comrection parameterization
led to an incresss of the convection tendency in the June; July forecasts and we might
expact o similar behavier with the Hack shallow comvection here, ie. CAMI convechion
wonlld be stronger than that of CANM? from that difference alone. That is in fact the cass
o= seen in Fig. 8- which shows the tetms from an experimernt bassd on EXF1 but with the
time scale of the Hacl shallow comechion parameterization increased from 30 mimbes to
60 mimibes to mabch CANM?2. The experiment is labelad EXPA2. The incrensad time scale
results in a decrease in the Had: shallow comrective tendency =0 that it is now smaller than
that of CAM?, which in tirn was smaller than CANMS. This difference between EXFPAL
and EXPA? in the Had: shallow comection parameterization tendency i= balanced by an
cppoang difference in the prognostic cloud water tendency which now has greater drving
than that of CANM?2. Although the Hack shallow and prognostic cloud water tendencies
each differ betwesn EXPA?2 and CAM2 (Fig. 8c), the tofal moish paramsterization ten-
dency (MOIST) agrees rather weall between EXPA2 and CAM? (Fig. &) asit also doesin
the previcus experiment (EXPAI, Fig. 8b). Once again we 322 that a change made to one

componert leads to o compensating respomss in ancther which vields a verv similar net
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drving.

Although the tofal meist tendendes of EXPA2 and CAM2 agree well, Fig. 8 shows
that the individual components do not. The remaining changes from CANM?2 6o CANM3
can be divided inko fwo packets, one comprised of changes to the prognostic cloud water
scheme and the cther of changes in the cloud frackion sdhemes. Converting the prognostic
clond water paclet to match CAR? has little effect on the sirmilation with o plot of the
meist parameterizabion components (not shown) locking very much like Fig. 8. On the
cther hand | adding the cloud fraction packet to the previous experiment EXFPA2, which
we label EXPAJ, produces a simulation in which the meist paramsterization component
tendencies lock like those of CAM?2 (Fig. 9a) as does the total meoist parameterization
tendency it==lf (Fig. Ob).

The padiet of changes to the cloud frackion scheme includes the following: the min-
imum relative lmmidity for low stable clouds was changed from 85% in CANM? to 80%
in CAMS3 while that for high stable clowuds was changed from 0% in CAM? to 230% in
CAM3I. The low cloud wlue is effective below 750 mb and the high cloud abowve 750 mb.
CAM?2 convective cloud frackion depends on the detrainment rate from desp comveckion,
while that of CANM3 depends cn the comrective ma=s flire. Finallv in CANM? the total cload
fracticon i= the maximim of the stable and convective cloud fractiors (maximuam overlap),
while in CAMS3 the tobal cloud is the sum of the siable and comvective cloud fractions.

In EXPAZ without the CAMS3 cloud fackion medifications the mid-level clowd frackion
in particular, i= s=en to be less than that of CAM3I (Fig. 9d) while with them (EXPAZ)
the fracticn is closer to that of CAMSI (Fig. S9c). In fack a design goal of CAM3I was
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to increnss the mid-level clouds cver those of CAM?2. The dacreasad mid-level clouds in
EXPAZD (relative to CAMS and EXPA2) resultsin increased longwave cooling below 600mb
extending down to 850mb (not shown.) The shortwave radiation heating is affacted less
kv thesa clovds =0 the net rodintion has increassd cooling in EXPAJ relative to CAM3
and EXPA? fom 600mb to B00mb. That destabilizes the atmeosphere landing to stronger
convection in EXPAS which then matches CAM? in drving.

EXPAJ is very close o CAM? in the total moist parameterization heating (Fig. b},
in the moist parameterization components (Fig. Ja), and in the cloud fraction (Fig. 8d).
Small subtle differences do remain but we do ot tr to idembify their cauvses. O goal
was to determine which model formulation changes had the largest effectz It was oot
to idemtify all the model changes which lead to =mall and subtle imberackicts betwean
processes. Therefore we stop the evercise here.

5. Conclusions

The studies described in the introduction hove shown that the simulated climate
of CANM3 matches similar statistics cbfained from atmespheric ohearvations and analyvess
better than the simulated climate of its predecesssr CAM2does Assuch, CAMSI represents
a dsgnificant improvement cver CAM2. The comparison of CANM3I with CANM?2 in this
paper attempts to examine the modeled processes that create the climates of the modals
by examining the modsls applied to weather forecastz. We compare the modsl forecast
evolution to estimates of that evclution at the ARNM SGP site for several I10P=s  For
sich comparisons we are limited to specific locatiorns and periods. With thess limited
locations and periods we can only sampls a small sst of the phenomena that make up
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the global climate of the model. We compute the model ermors by comparing with the
ARM constrained variaticnal analysis (Zhang and Lin 1887; Zhang ot al. 2001) that was
developed to drive and analyze singls column models

We isclated the primary medel changes from CARM?2 to CAM3 which affect the sim-
ulated forecast processes and errors. There are significarnt differences in the errors in
forecasts made with CANM3 and CAM?2 at the ARL 5GP site in June/ July 1007, In April
1087 the temperature and meoistire forecast errors are quite similar, but the individual
components that combine o vield the total srror can be quite differernt in compen=nting
wavs. We performed o ssries of expenimernts to establish which dhanges in the modal for-
mulaficn were responsble for the major changes in the errors and balances. MMany smaller,
more subtle changes were not pursued. We did not abtbempt to 1molate all terms which led
to small changes as the nonliear inberackions ulbimately make it ver difficult to isclate
the amallest effacts.

In June,/Julv 1887 the CAM3I temperatire and meoishire forecast errors were in fack
larger than thoss of CAM? at this SGF site. We concentrated on the temperatire halance
terms as thev include terms from the phass changs between liquid waber and ice that
hove no direct effect on the water mpor itsslf. The terms identified as being respon=ble
for the differences were 1) the comvechive time scale assumed for the Zhong-BMcFarlans
deep comvection which was halved in CAM3, 2) the energy asscciated with the comversion
betwesn waber and ice of the Zhang-McFarlane rain which was not included in CARM2, and
31 the dependence of the rainfall evaporation on cloud frackion which was al=o oot included

in CAM2.



In April 1897 the CANM3 and CAM? forecast temperatire and moisture forecast er-
rors ware very similar, vet when certain parameterization components were modified | ofher
components reacted in a compen=abing wav, We examined the water vapor balance terms
in detail. The detraimment of water by the Haclk shallow cormmrection to the prognostic cloud
water scheme that was included in the CANM3I led to o different total parameterization ten-
dency from that of CAM2, buh this difference was balanced by a compensating change in
the advective tendency to vield the same tobal meoisture fendency. The comrechive fime
scale assumed for the Hack shallow comvection was halved in CAM3. Thus the convection
tendency was wealer in CAM? but compenmted by the prognostic cloud water parameter-
izakion endency which responded to give very similar tobal parameterization tendencies
CANM3 also had a wariety of changes to the cloud frackion parameterization. These affeck
the radiative heating which in turn modifiss the siability of the atmeospheric column and
affects the comrection. Bubt again, the resulting difference in comecticn tendency thab
arises from the different shability were balanced by regpon=ss inthe prognostic cloud water
parameterization tendency, yielding a similar fotal parameterzabion tendency.

Eocept for the detrainment of water bv the Haclk shallow convedhion the modifica-
ticns to the parameterizations from CAM? to CAMI studied here in the April cass all
led to compermating changes between the tendences from the Hack shallow convechion
parameterization and the prognostic cloud water parameterization. In other words saveral
different parameter setbings lead fo same net tendency, bub distributed differently ameong
potertially competing processes. This indicates the meed for more chssrvations to estkalb-
lizsh which setting i=s correct., i.e. to fie down parameters in ench compeonert. Of cowrss
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we cannct ob=erve individual processes as formuilafed in the medel, bt other varinbles
sich as clouds might help. Or perhaps the parameterizations should not be conadered as
individual processes but unified in some manner that is shill cost effective bo solve. Thess
are all examples of the delicate halance that determines the model climate and indicate
whor 1t 15 important for each process to be modeled correchly if the model is to be applisd
to climate change studiss.

Although the analyvas presented here was performed after the fack in the mods] devel-
opment process, it illustrates that this tpe of analy=is would have been usstul during the
development phass. Bassd on the findings bere different decisicns might hove besn mads
in the development cycle. Clearly, however, basing development decisions solely on the
two periods studied here at a single modesl coliumn would be dangercu= 4 large number
of casss covering all phenomena being amulated v a climate model i= meeded. Then the
trade offs required in specifiing the details of ammy model can be conadersd more logical v
and systemabicallv,

We did not pick the ARL SGP site to deliberately uncover deficiencies in CAMSI.
It was a site of cpportunity where detailed chessrvations are available for pericds which
have been examined extensvely in the past. We alas note that perhaps the medel climate
errors in this regicn received less atbenbicon during development as they were less s=rious

than those that were concentrated on and at least decaenssd if not sliminated.
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Fig. 1.

Fig. 3.

FIGURE LEGEMNDS

Menn day 1 forscast temperatire (a) and specific lumidity (k) errors for CAM3
(sclid), EXPI1 (leng dash), and CAM? (shert dash) for the June /July 1007
IOP. Mean CAMI and CAM? climate temperature (c) and specific humidity
(d} errcrs for June/July. All ot the ARM SCOP site.

2. Mean forecast O-24 hour average of terms in the temperature and specific

humidity predichion equabion for the June/July 1907 IOP for CALI (solid),
EXPJ1 (long dash) and CAM?2 (short dash): (a) toal (TOT), dynamics (DYN)
and parameterizabion (PAR) temperature tendencdies, (b) fotal (TOT), advec-
fion (ADV) and parameterization (PAR ) spacific humidity tendencies, (c) moish
process (MOIST), radiation (RAD) and PBL parameterization (PBL) tempet-
abure tendencies.

Ifean forecast O-24 hour average temperature tendencies for CADM3I (solid)

’
EXPI] long dash), and CAM?2 (short dash) for the June /July 1887 IOP: (a)
fermation of condensate, (b) mainfall evaperation, (o) freezing of rain waber,
and (d) melting of snow, each assocated with Zhang-IMcFarlane deep con-
vection (ZHANG), Hack shallow comvechion (HACK), and prognostic cloud

parameterization ( CLOTUD ).

. Maan day 1 forecast temperature (a) and specific humidity (b) errors for

CAM3 (solid), EXPI2 (long dash), and CAM? (short dash) for the June/ July
1087 ICP. Mean forecast O-24 hour average temperabire tendencies from (c)
formation of conden=mte and (d) rainfall evaporation asscciabked with Zhang-
IMcFarlane deep comvection (ZHANG ), Hack shallow comvection (HACID), and
prognosbic cloud parameterization (CLOTUD ).
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Fig. 5.

Fig.

=1

IMean dav 1 forecast temperature (a) and specific lummidity (b) errors for
CAM3 (sclid), EXPI3 (long dash), and CAM? (short dash) for the June/ July
1087 ICP. Maan forecast 0-24 hour average temperatire tendencies from (c)
formation of conden=mte and (d) rainfall evaporation associated with Zhang-
IMcFarlane deep comvection (ZHANG ), Hack shallow comvection (HACK), and
prognesbic cloud parameterization (CLOTUD).

. Meaan forecast 0-24 howur average temperabure tendencies for CTALMI (solid),

EXPII (leng dash), and CAM2 (shert dash) for the June/July 1907 ICP:
(a) moish process (MOIST), PEL parameterization (PBL) and fiokal radiation
(RAD), and (b} fotal (RAD ), shorbwave (5W ), and longwave (IW) radiabion.

Idenn forecast O-24 hour mverage of terms in the specific lumiditv predic-
bHon equation for the April IOP for CAMI (=olid), ARM (long dash) and
CAN2 (short dash): (a) tobal (TOT), advection (ADV) and parameteriza-
Heon (PAR), (b) meoist process (MOIST), Zhang-McFarlane deep convechion
(ZHANG), Hack shallew comvackion (HACI), and prognostic cloud parameter-
izaticn (CLOTUD ). Mean forecash O-24 hour sverage of terms in the liquid waker
pradiction equation: tobal liquid waber fendency (DiH20) /DT, formabion of
liquid condensate from wmpeor by the prognestic cloud water scheme (Q—H20),
corversion of liquid condersate to rain (H2O0—PRECIP), conversion of liguid
condersate to ice (H2O0—=ICE), and comvective detrainment (DETRATN) for
(c) CAM3, and (d) EXPAL

. Maan forecast (-24 howr average Zhang-McFarlane desp comvection ( ZHANG),

Hack shallow comvection (HACK) and prognostic cloud parameterizabion
(CLOUD) specific humidity tendencies for (a) CAMI (=olid), EXPAL (long
dash) and CAM2 (short dash), (c) CAMI (sclid), EXPA2 (long dash) and
CAM? (short dash). Mean forecast O-24 hour average meist process (MOIST)
tendencies for (b) CAM3I (sclid), EXPAL (long dash) and CAM?2 (shert dash),
(d) CAMS3 (=clid), EXPA? (long dash) and CAM2 (shert dash).
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Fig. 0. {(a) Mean forecast -2+ hour average Zhang-McFarlane desp convechion
(ZHANG), Hack shallow corvection (HACIK) and prognostic cloud parameter-
ization (CLOUD ) specific kumidity tendencies and (b) meist process (MOIST)
tendencies for CAM3 (solid), EXPA3 (long dash) and CAM? (short dash).
Ifean forecast 0-24 hour average clowd fraction for (o) CARMI (=olid ), EXPA?
(leng dash) and CAM2 (sheort dash) and (d) CARM3 (sclid), EXPAS (long dash)
and CAM? (short dash).

35



Table 1. Sequential saries of experiments for June, July 1007
with accumulated changes frocm CANM3I back to CANM2

EXPI1 CAM3 with Zhang comechive fime acale and
attbocormersion coefficient set to CANM? values

EXPI2 EXPI] with converson between water and ice
amscciated with comrvechive parameterization eliminated

EXPIZ EXPI2 with(l - ¢ ) term eliminated from rainfall evapeoration
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Table 2. Sequentinl s=ries of experiments for April 18097
with accumulated changes frocm CANM3I back to CANM2

EXPA]l CAM3 without comvective dettaimnment of liquid
wabter associated with the Hacl parameterization

EXFPA2 EXPA] with Hack comvective time scale
=t to CAM? values

EXFAT EXPA? with clowd fraction scheme converted to CAM? scheme
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