P6.4 SIMULATED GRAVITY WAVES PRODUCED BY MCS-LIKE HEATING PROFILES:
MCS GEOMETRY AND ITS EFFECTS ON THE ENVIRONMENT

Matthew D. Parker
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1. INTRODUCTION that for most MCSs the gravity waves project mainly

onto two modes, those for which = 1 andn = 2.

AS d".Q’CUSSEd by Parker and J_ohnson (2090; hereaftelr ese two predominant modes respectively correspond
PJ00), linear mesoscale convective systems in the centr the predominant shapes of MCSs' convective and

United States tend to resemble one of three predominar&raﬂform heating (Fig. 1a). It is clear from (1) that
archetypes: systems with convective lines and trailing[hen — 1 waves move at about twice the speed of the

§trat|form (TS)'. Iefadlmg stratiform (LS).' or parallel strat- n = 2 waves. | discuss the primary effects of these grav-
iform (PS) precipitation. In the population that they stud-

. ty wave modes in section 5. Note that, throughout this
ied, PJOO found that PS MCSs were, on average, mucby 9

. . aper,gravity wavesinclude wave pulses with long or
shorter—_hved than TS MC.:SS (approxw_nat_ely Ghys.12 h’infinite horizontal wavelengths (as discussed by Pandya
respectively). One possible explanation is that, becaus

&nd Durran 1996); these have also been cdilem/ancy
of their geometry, PS MCSs produce gravity waves tha '
alter their environments less favorably than do TS MCSSt'ooresandbuoyancy rolie.g., by Mapes 1993).

Radar observations show that the stratiform regions
of PS MCSs tend to be areally smaller than those of T MODEL CONFIGURATION

systems, tend to be more eccentric than those of TS sys- For this study | used the Advanced Regional Pre-
tems, and tend to extend laterally from their lines’ ends giction System (ARPS), version 4.5.0. The fundamen-
rather than flanking their lines’ trailing edges (as in TSta| formulation of the ARPS was presented by Xue et
MCSs). For this study, | isolated MCSs' sizes, shapesg|, (1995). In all of the simulations described herein,
and arrangements of heating [here and aftegtingin- | ytilized open lateral boundary conditions,1 §—order
cludes both warmingg(> 0) and cooling ¢ < 0)], and  TKE-based sub—gridscale closure, and a free—slip lower
investigated their effects on the gravity waves generate¢oundary. The upper boundary was a freeslip lid; in
thereby. | represented MCSs by their characteristic healgrder to control reflections off of the lid, | used a 5.3
ing fields in idealized numerical simulations. Becausekm deep Ray|e|gh damp|ng |ayer_ | excluded from the
the simulated environment’s stability was sensitive to themodel both the effects of radiation and Coriolis acceler-
geometry of the heating, | conclude that MCSs’ geome-ations. Because | idealized MCSs as regions of heating,
tries may partly explain why PS MCSs had shorter life-| a1so excluded moist processes. | used a grid that was

times than TS MCSs in the PJOO study. 400 km long in both the east-west and north—-south di-
mensions, and was 16.3 km deep, with a horizontal grid

2. BACKGROUND spacing of 4 km and a vertical grid spacing of 500 m.
Each simulation’s initial condition was horizontally ho-

As desc_ribed by Nicholls et aI._ (1991), the phasemogeneous.
speed for linear, Boussinesq gravity waves can be ap-

proximated by:
4. EXPERIMENTS

c=—, (1) Following Nicholls et al. (1991), | designed simple

nr yet plausible heating profiles to represent the magnitudes
wherein N is the buoyancy frequencyy is the depth of heating in a linear MCS’s convective line and strati-
of the troposphere, andis the number of vertical half—~ form region (Fig. 1a). The heating profiles did not vary
wavelengths over its depth. Although the tropospherewith time in my simulations, and | applied them at every
responds to MCSs' heating by producing a spectrum ofimestep. In order to test the environment’s sensitivity to
gravity wave modes, Nicholls et al. (1991) pointed outthe size and eccentricity of the heating, | performed sim-
ulations with the idealized stratiform profile and sinu-
*Corresponding author address: Matthew D. Parker, Department soidal horizontal structures (i.e.andy shapes- sin).

of Atmospheric Science, Colorado State University, Fort Collins, CO In the control simulation (CTRL), the stratiform heating
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Figure 1: Graphical depiction of rates and horizontal shapes of heating; a) vertical profiles for convective (heavy) and stratiform (light) heating; b)
horizontal shapes for CTRL (solid) and ELLIPSE (dashed) stratiform regions (contours are factors by which vertical profile is multiplied: 0.0, 0.2,
0.4, 0.6, 0.8); ¢) and d) horizontal shapes for convective (heavy) and stratiform (light) heating for quasi-TS and quasi—PS simulations, respectively,
with contours as in b). In b), c), and d), marks,C», T, T2, P;, and B denote locations for the plots in Figs. 2, 3, and 4.

was 100 km long in both the andy directions (Fig. 1b).  convective and stratiform regions overlapped by 28 km,
The first experiment, SMALL, had the same structure agroviding a smooth transition between them and produc-
CTRL except that | reduced theandy extent of its strat-  ing an aggregate heating profile similar to that used by
iform heating to 50 km. The second experiment, EL-Pandya and Durran (1996, their Fig. 6a). | discuss the
LIPSE, had the same total size and integrated heating agsults of these experiments in section 7.

CTRL, but had a major axis 146 km long and a minor  For simplicity | performed the CTRL, SMALL, and
axis 68 km long (Fig. 1b). | discuss the results of theseELLIPSE simulations in environments with a constant
experiments in section 6. buoyancy frequency oN = 0.01 s'!. For the quasi—

In order to test the environment'’s sensitivity to the ar- TS and quasi—PS simulations, | considered environments
rangement of convective and stratiform heating, | con-both with constaniVv as well as with temperature profiles
structed two basic MCS—like horizontal shapes. The firstypifying the environments of midlatitude MCSs (the ac-
a quasi—TS heating shape (Fig. 1c), had a £084 km  tual sounding is shown in Fig. 1 of Parker and Johnson
region of convective heating (with anshape~ sin®/? 2001). The results in section 7 are for the MCS sounding;
and ay shape~ sin'/*) flanked to its west by a 108 however, they don't differ substantially from the results
64 km wide region of stratiform heating (with arshape for the simulations with constan¥.
~ sin and ay shape~ sin'/*). The second, a quasi—

PS heating shape (Fig. 1d), had its stratiform heating to
the north of its convective heating. In both cases, the



the lower troposphere below descent in the upper tro-
posphere. The stratiform heating profile had its greatest
lower tropospheric cooling at 2.5 km AGL (Fig. 1a). As

a result, then = 2 gravity waves produced ascent that
cooled the lower troposphere and destabilized the lowest
2—-4 km AGL (Fig. 2b). As described by Mapes (1993),
this effect compensated for the faster= 1 gravity
waves, whose subsidence had stabilized the troposphere.
Because the phase surfaces tilted eastward with height (a
property of vertically propagating gravity waves), e
maxima descended with time as the waves passed by.

10

height (km)

% & % 0 % w0 6. SENSITIVITY TO SIZE AND SHAPE OF THE
time (min) STRATIFORM HEATING

quasi—TS (no n=1): @' at T, Although small regions of stratiform precipitation of-

: — ‘ ‘ ten have relatively weak vertical heating profiles, merel
b y agp y
8>

decreasing the size of the idealized stratiform region—
without decreasing its magnitude—had a dramatic ef-
fect. The net heating for the SMALL simulation was 3.7
times less than that in CTRL. Not surprisingly, the envi-
ronmentalf perturbations were reduced in SMALL by
nearly that factor (cf. Figs. 3a,b). All things being equal,
MCSs with smaller stratiform regions affect their envi-
ronments (vian = 2 gravity waves) less than do MCSs
with larger stratiform regions.
The effect of a stratiform region’s eccentricity was
‘ ‘ ‘ ‘ less pronounced than that of its size, but was still non—
60 %0 120 150 180 zero. For the ELLIPSE simulation, whose total heating
time (min) and size were identical to CTRL, there occurred a slight
increase in the magnitude 6f to the east (and west) of
Figure 2: Perturbation potential temperature (contours, K) for thethe heat source (cf. Figs. 3a,c) and a slight decrease in the
quasi—TS simulation. All data are for the point {Shown in Fig. 1c); magnitude of’ to its south (and north, cf. Figs. 3a,d).
2&;?;&; dlfrrg;dtf]:mes’ir?uﬁzzf:zms: itnh‘?igllzl‘;c;fnpo”em "aS " While the eccentricity of the stratiform heating in the
ELLIPSE example only accounted féf variations of
10-20%, itillustrates another disadvantage of the PS ge-
ometry, in which the convective region is south of an
5. BASIC RESULTS eccentric stratiform region (e.g., Fig. 1d).

As described by Nicholls et al. (1991) and Mapes
(1993), the simulated = 1 mo_de produced deep.sub- OF THE CONVECTIVE AND STRATIEORM
sidence that warmed the entire troposphere (Fig. 2a). HEATING
The convective heating that produced the subsidence
was greatest in the middle troposphere (Fig. 1a), and In both the quasi-TS and quasi—PS simulations, the
hence the gravity—wave—induced subsidence and warnenvironment to the east of the convective heating was
ing were greatest in the middle troposphere, thereby stastabilized by then = 1 waves soon after the convec-
bilizing the lower troposphere (i.e. removing CAPE andtive heating began (Fig. 4). As mentioned in section 2,
adding CIN for lower tropospheric parcels). A~ 4/3  then = 2 waves moved at about one half the speed of
mode also existed (evident at 10 kmin Fig. 2aat75  then = 1 waves. East of the convective line’s center,
min), because parcels in the convective heating regiothen = 2 mode arrived at about the same time in both
exceeded their levels of neutral buoyancy, creating a rethe quasi—-TS and quasi—PS simulations (onset around
gion of ¢’ < 0 aloft. Thesen ~ 4/3 waves had little 90 min, Figs. 4a,b). However, while the = 1 mode
effect on the lower troposphere. warmed the middle troposphere almost identically in the

The simulatedn = 2 mode induced ascent in two simulations, thes = 2 mode’s lower tropospheric

height (km)

7. SENSITIVITY TO SPATIAL ARRANGEMENT
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Figure 3: Perturbation potential temperature (contours, K) for the CTRL, SMALL, and ELLIPSE simulations; a), b), and c) for the point C
Fig. 1b; d) for the point @ in Fig. 1b. Note that all three simulations excluded background wind, so that the gravity waves were isotropic in CTRL.
Accordingly, a) and d) can be directly compared.

cooling was comparatively weaker in the quasi—PS caseeccentricity of the stratiform region. Accordingly, the

Even though the distance between the stratiform regionsnvironment near the quasi—PS line’s southern end was

and the convective lines’ centers were similar in thestabilized by the: = 1 subsidence, and remained stabler

quasi—TS and quasi—PS cases (Figs. 1c,d), the quasi—R$an the initial state throughout the three hour simulation

convective line had the geometrical disadvantage of befFig. 4d).

ing parallel to its stratiform region’s longer axis (as dis-

cussed in section 6). As a result, the quasi—PS case digi. CONCLUDING REMARKS

not attain the degree of destabilization that the quasi-TS

case did (cf. Figs. 4a,b). PS MCSs'’ stratiform regions differ geometrically from
Because the quasi—PS stratiform region was north ofhose of TS MCSs in that they are typically smaller,

the convective line, the line’s southern end was fairly farmore eccentric, and lie parallel to—rather than along

from the source of thee = 2 waves. Near the line’s and behind—their systems’ convective lines. In an ide-

southern end, the = 2 mode arrived later in the quasi— alized setting, all three of these geometrical differences

PS than in the quasi—TS case (onset around 120 min irdiminish the rapidity and effectiveness with which strat-

stead of 90 min, cf. Figs. 4c,d), and was quite weak. Théform regions'n = 2 gravity waves can remove CIN and

n = 2 waves produced relatively small perturbations atadd CAPE to the systems’ pre-line environment. Ac-

the quasi—PS MCS’s southern end because of both thegordingly, the deep tropospheric subsidence produced by

greater displacement from the stratiform region and theconvectively—generated = 1 gravity waves may have a
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Figure 4: Perturbation potential temperature (contours, K) for the quasi—-TS and quasi—PS simulations; a) for theipdiig. TLc; b) for the
point P, in Fig. 1d; c) for the point 3 in Fig. 1c; d) for the point R in Fig. 1d.

greater net effect in stabilizing the lower tropospheremapes, B.E., 1993: Gregarious tropical convectidnAtmos. Scj50,

near PS MCSs, which could—in part—account for why 2026-2037.

PS MCSs generally had shorter lifetimes than TS MCSd&andya, R.E., and D.R. Durran, 1996: The influence of convectively

in the PJOO Study In my ongoing work. | am gradually generated thermal forcing on the mesoscale circulation around
. g . L . squall lines.J. Atmos. Sci53, 2924-2951.

adding complexity (i.e. vertically varying wind, Corio- a - )

lis accelerations) to the idealized simulations resentegarker’ M.D., and R.H. Johnson, 2000: Organizational modes of mid-

! p latitude mesoscale convective systenMon. Wea. Rey.128

above in order to further elaborate on the importance of  3413-343s.

PS MCSs’ geometries. Parker, M.D., and R.H. Johnson, 2001: Simple numerical simula-
tions of convective lines with leading stratiform precipitation.
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