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On Testing Two Major Cumulus Parameterization Schemes
Using the CSU Regional Atmospheric Modeling System
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Farth and Fnvironmental Seiences Division
Los Alamos National Laboratory
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1. INTRODUCTION

One of the objectives of the DOE ARM
Program is to improve the parameterization of
clonds in general circulation models (GO N s).
The approach taken in this research is two fold.
We first examine the behavior of cumulus pa-
rameterization schemes by comparing their per-
formance against the results from explicit cloud
simulations with state-of-the-art microphysics.
This is conducted in a two-dimensional (2-D)
cotliguration of an idealized convective system.
We then apply the enmulus parameterization
schemes to realistic three-dimensional (3-1)) sim-
ulations over the western U8, for a case with
an cnormous amount ()f ('()Il\'l‘('”()" i“ an ex-
tended period of five days. In the 2 D idealized
tests, clond effects are parameterized in the "pa-
rameterization cases™ with a coarse resolution,
whereas each cloud is explicitly resolved by the
“microphysies cases™ with a much finer resolu
tion. Thus, the capability of the parameteriza-
tion sehemes in reproducing the growth and life
evele of a conveetive system can then be eval.
wated, These 2-D tests will form the basis for
further 3 D realistie simulations which have the
model resolution equivalent 1o that of the next
peneration of GOMs,

Two eumulus parameterizations are nsed
in this research: the Arokawa-Schubert (A S)
sehome (Arakawa and Schubert, 1970) used in
Naoand Ogara (19%7) and the Kuo scheme (Koo,
197 1) nsed in Tremback (1990). The numerical
tmodel nsed in this research is the Regional At
mospherie Modeling System (RAMS) developed
at Colorado State University (0'S1),

2. RAMS Menoscrle Model

Fhe RAMS mesoscale madel is a highly
Hexible modeling systemg capable of simulating
a Wide variety of mesoseale phenomena, The
basic model stenernre is deseribed i Pripoli and
Cotton (LON2), More recort model develog. nents
are described i Cotton ot al. 1988y, | he

model framework for the present study incor-
porates a non-hydrostatic version of the code,
At the surface, temperature and moisture fluxes
are determined from the surface enerey halance,
which includes botk short- and longwave fluxes
(Chen and Cotton 19%3), latent and sensible
fluxes. and sub-surface heat conduction from a
soil temperature model (Tremback and Kessler
19%5). The microphysics scheme (Flatau o al.,
TOND) usend in the explicit elond simulation de
seribos the physical processes leading 1o the for
mation and growth of precipitation particles in
a cloud. The clond particles can be liguid or
ice, oF some combination, and may have a rog-
ular or irregular shape. The scheme categorizes
these particles as clond droplets, rain drops, ice
crystals, snow ervstals, aggrogates of ico cryvs
tals. and granpel or kail. Each species can grow
from vapor deposition or sell-collection, or in
teract with other species thror collision and
coalesconce pracesses, In the contiguration nsed
for this study, the mixing ratio of each sporjes
is predicted and the total coneentration is diag
nosed, using a specified size distribution.

3. Cumulus Parameterizations

The two cutinlns parameterization sehemes
nsed in the coarse grid simulations are hriefly
doseribed as follows, The A-S scheme emplovs
a LD steady state entraining clond model with
basie microphysies 1o represent the elonds, \
speetenm of sub-ensembles of elonds are allowed
to form simultancously and modify the environ
ment throueh compensating downward maotion,
doteainment, and evaporation of clond water,
Clond clowd interaction is considered in o wav
that the development of one sub ensemble clond
can alleet the growth of other suly cnsembles,
throneh its <tabilizing offoct on the Laee seale
environment, Fhe exchange processes betwiey
the bonndary Taver and the froe atmosphere with
a clowd seale downdeaft parameterization (ko



and Ogura, 1987) are also included,  The A
S seheme uses a quasi-equilibrinm approxima-
tion 1o close the parameterization, which re-
quires that clouds stabilize the atmosphere as
the large-seale motion generates moist convee-
tive instability.

The Kuo scheme requires a conditionally
anstable atmosphere and horizontal moisture con
voraence for camulus clonds 1o form. Onee 1he
clonds form, they heat the atmosphere by co
densation and produce a clond heating profil.
proportional 1o the cloud excess temperatnre:
G clond temperature minus environmental
temmperature). This scheme only allows one type
of cloud to form at a given time, .\ more serions
concert with the Kuo scheme is that it requires,
in order to close the parameterization, the spee-
ification of a parameter (denoted by b in Kuo.
107 1) which represents the fraction of the total
moisture supply that goes into moisture stor-
age. Tremback (1990) madified the Ko scheme
by incorporating convective-seale downdrafts 1o
define a net conveetive temperature prolile. lle
also assumed that conveetion is activated only
if 1the grid column is conveetively unstable and
there is resolved upward motion at the lifting
condensation level (LCL).

In order to effectively simulate convective
svatems asseciated with organized anvils with
the horizontal resolution of 30 to 50 km, we re
tain the the full microphysies of RAMNS through
ont simulations,  Thus, conveetive cores will
he parameterized by enmulus parameterization
sehemes and mesoscale anvil clowds will he ex
plicitly simulated with microphysies.

3. Resulta

2-1) ldealistic Simulationa

The model is conligured with a domain size
o 2100 ki in the horizontal dirsetion and 26 km
in the voptical, Model simulations with param
eterisation s«chemes have a horizontal pesolutjion
of 45 ki and that with microphysies has a teso
hution of 2.5 kme A witel shape mountain with
a halt width of 100 km and height of 2 ks
located at the coptor of the domain. 1 he ini
tial condition is a guiescent atinosphers with a
weah stratilication of about 2,0 K/Kkm (rom the
afaee tooabout 5 ki NGL Fhe relative by
midity in this 5 km laveris about SO% o tha
an eatlior development of clond system can he
oxpected, A miodel mns hegin at 0000 1S 1T om
the cmmmer soladies,

3.1

3.1.1 Case with no Ambient Winds

Because there are noinitial winds, the maod
oled cirenlations can only be generated by the
surface diflerential heating over the terrain, In
the following discussion we concentrate on the
evolution of two basie model variables: vertical
motion (w) and accumulated surface precipita-
tion. Figure | shows the time plots of the ver
tieal motion over the ontire domain at a leved
abont L0 m above the surface, This level i.
chosen because the strongest npward motion oc
curs there during the life evele of the system.
Figure la is for the ease with the fine resoly
tion and microphysies. [t shows rather nojsy
small-scale features, as expeeted, with the max
imuam updraft of about 11 m/s and the maxi
mum downdraft of about 3.5 m/s. Necording
to the general characteristies shown in Fie, a,
we can approximately define the period from b
to 6 hr as the developing stage, from 6 10 12
hr as the mature stage, and from 12 to 17 hr
as the dissipation stage of the conveetive sys
tem, .\ wave propagation is clearly observed in
Fig. la with the propagation speed of about
30 m/s. The vime evolution of vertical motion
in the two parameterization rmns (Figs, Ta and
Ih) has similar characteristies to that shown in
Fig, Ta. One notierable foature is that the era
dient in w between the core and far-field regions
is less in the Kno seheme case,

Fignre 2 shows the vime plots of acenma
ated surlace precipitation. In the microphysies
case (g, 2a), it shows that only the region
over the monntain has surface precipitation dyr
ing the entire life exele, “I'he system reiachios o
precipitation maximum about X0 mm at 1 he
near the centor of the domain, he acenmnlated
procipitation patterns produced by the A 8 and
Kuo schemes (Figs, 2a and 2h) show that the
parateterization runs tend to produce broader
precipitation areas near the core region aml gen
erate asigntficant amount of precipitation dur
ing the propagation of the syatem. Fhese 1w
inpects ate most prononneed in The case with
the Kuo selwne,

3.1.2 Cane with Ambient Wind Shear
Weintrodneed a constant backgronnd wind
shese with the wind spesds of 0 a2 the aurfaee
anel 10 m/s at the top of the doman, render
ing the previous configuration into a more
plusticated case with monntain fow ehiracte
Bhessas shown in Fis, 3 where upward motion
i~ present at the upwind wide of the peantain
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and downward motion at the lee side with ol
ovated upward wotion above in all the three
simulations. Figure | shows the temperatore
pertuchation at hour 3. Great similarities are

=t I81T wotMR

4
L l
CPTIIOIL Y L TOIVTVYO T g S VTPV YR PPYY )

N L) 0 L1 ] ‘ol
v [hmi

Cinutlated vortieal motion at Hour 1
g explicit case, (h1 A S case,amd (¢)
o vise,

Iig L.

found between the A S and explicit cases. 'he
Kuo ~cheme produced enhanced warming above
the mouarain peak and excossive surface cool-
ing at the upwind side of the mountain.  This
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cooling later generated westward density enr-
rent flow cansing an anomalous behavior of flow
evolution as will be discussed shortly, Figure 5
shows the time plots of the vertical motion for
the wind-sheared case. In the explicit simula-
lion, we can soe a-mode structure: 1wo sta
tionary maodes rospectively at the two sides of
the monutain with the lee-side one stronger: ane
propagating mode toward the eastern bonnd-
ary which shows a very sporadie feature, The
sitnulation with the AN scheme also shows a
mode strueture, however, the upwind stationary
mode is much stronger than that in the explicit
case. Due to the density current propagating to-
ward the western boundary, a strong westward
mode is created in the simulation with the Kuo
scheme, which is not realistic.

3.2 3-D Renlistic Simulations

The model topography is derived from a 5
minnte global data set with a silhonette averag,
ing <cheme that preserves realistic topography
heights. This height data is then interpolated
to the model grid whiclh as 0.5 horizontal res
olution at the tangent point of the polar stere
ographic arid at 10.0°N and 182.5°W, In these
experiments, we cover the geographical domain
from 120.0°W 1o SO0°W and 22.5°N 10 17.5°N,
In the vertical we use 25 levels, corresponding
ta a resclution of 300 meters near the surface
and 1000 meters at the top of the model, The
NME 257 by 257 twiee daily global analyses
are nsed o intialize, as well as “nndge™ the
resional model bonndaries via a Newtonian re
Lixation schetme. The maode] is initialized by the
NMC aualysis of July 6. 1987 for simmlations of
a Sday period which hied an enormous amonnt
ol conveetion i the westery U801t s an ox
tremely challenging, case bocanse the obsepved
precipitation maxima are due to different pro
cossos: someare relatod 1o Targe seale condonsa
tion: and sonte are purely driven by conveetion,
Lor example, fowa had continmons rainfall and
acenenlated more than 5 inches in this period,
while North Platte, Nebraska had 1o inches in
less thitn 20 hours presnnably due to sovere con
veetion, Another reison for these five day tosts
i to establisli the rolistness ol one parametoer
ieation design for the nest generatjion of G\
throuph 1 ANS.
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primary low pressure center was located north
ol Winnipeg with a cold front extending to sonth
orn Colorado and warm front exiending 10 New
foundland, Figure 7 shows the daily precipita-
tion simnlated by the two schemes, that does
not include the Large-scale presipitation gener
ated by the RAMS microphysies. Netually, the
large seale precipitation oceurred only in west
orn lowa (diagras not shown) in both runs and
continued for the next two day s as observations
showed. he conveerive precipitation produced
by the NS scheme agrees fairly well witi the
observation in terms of both the pattern and
amonnts. he Kno scheme again tends 1o pro
duce a broader and less contrasted precipitation
pattern as seen in the 2 D simulatious, Due
to the ditference in the convective precipitation
predicted by the two schemes, it can be an
ticipated that the conveetive heating patterns
and amounts will also be different. We have
found that the Kuo scheme did not simulate the
H00 mb How features as successfully as the A S
scheme, perhaps because the Latent heat distri
bution produced by the RKuo scheme is not as
realistic,

4. Concluding Remarks

Simulations of a 2D idealized convective
svstem with RANS provided us an opport
nity to investigate the performance of two os
tablished parameterization schemes against the
results produced by an eplicit clond simula-
tion. We found that both the Arakawa Schubert
and Kuo seliemes are able 1o produce gross fea
tures similar 1o those revealed by the oxplici
clomd simulation. especially during the devel
oping and mature stages of the conveetive sy
tem, Fhe similarities include the evolution of
vertical motion, surface precipitation, pressure
ficld. temperature anomalv. and water vapor
anomaly. However, in a more sophisticated cise
with mountain flow characteristies, we fonnd
that the downdraft eflects in the kno scheme
cooled the boundary layer innch more than those
in the Arakawa-Schubert scheme did and., in
turn, produced convection only on the upwind
side of thie mountain, which proved to he unreal
istic. We snbsequently applied both sehemes 10
realistic 3 1) simulations over the western U.N,
initialized by the NMC analysis of July 6, 1987;
a case with an enormons amount of convection
associated with an occeluded front, It was Tound
that the Arakawa Schubert scheme was capable
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al 100 VN Jdy L 1ONT,



Fig 7. Daily precipitation cmm) simulated by (a) the A S scheme
and (b) the Kno «cheme,



of capturing many localized precipitation max-
ima whereas the Kuo scheme tended 1o over.
prediet the precipitation area and failed to de-
pict the local extremes of precipitation. Con-
ceivably due to the less organized latent heat
distribution. the Kuo scheme did not simulate
the 500 mb flow features as successfully as the
Arakawa-Schubert scheme did.
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