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1. INTRODUCTION this study; section 3 will discuss the observational and

preliminary modeling results; finally, section 4 will con-
Mesoscale convective systems (MCSs) have been thglude and highlight ongoing work.

subject of numerous observational and numerical mod-
eling studies, many of which have focused on those oc-
curring in the central United States. While large strides?. DATA AND METHODOLOGY
have been made in the understanding of these systems,
the interaction of MCSs with terrain is a subject which . Observations
has only just recently emerged (Frame and Markowski ] )
2006; Keighton et al. 2007). _ A random sampling of 20 crossing and 20 noncross-
In the eastern portion of the United States, the fore{Nd cases were chosen from the Keighton et al. (2007)
casting of MCSs is complicated by the influence of thedatabase of MCSs in the Appalachian region. These sys-
Appalachian Mountains. At times these systems are ab|i£Ms were categorized based on whether or not they were
to cross the terrain, often producing severe weather iRPl€ to produce severe weather in the lee of the moun-
the lee of the Appalachians. Other times, MCSs in-tains. Ifap MCS produged severe Weather reports on the
stead dissipate upon entering the mountains. Keightoﬁas'fem side of _the b_arrler, it was categorized as "cross-
et al. (2007) recently conducted a study which examinedd-" Those which did not produce severe weather re-
these systems in more detail, finding that the ability of anPOrtS in the lee were categorized as "not crossing.” Non-
MCS to cross the Appalachians was strongly dependerftf©Ssing events alsq typically did not survive for long as
upon diurnal heating. Most cases categorized as "non?ON-Severe convection east of the mountains. For fur-
crossing” reached the western slopes or dissipated to tH8€r detail on how the events were categorized, please
west during the overnight and early morning hours whileS€€ Keighton et al. (2007). _
"crossing" cases tended to encounter the terrain during 10 more closely analyze the environments of these
peak heating. Frame and Markowski (2006) examined-@Ses, two soundings were phosen for each case: one to
these storms in an idealized framework, and found thaféPresent the upstream environment west of the moun-
squall lines traversing terrain went through a cycle oftains and one tq represent the 'downstream environment
orographic enhancement on the upslope side, weakergast of the barrler. The soundings were Chos_en so that
ing, and subsequent restrengthening as the cool outfloleY approximately represented the inflow environment.
air pooled at the base of the mountain downstream tdf his determination was difficult at times due to the lim-
form a hydraulic jump. itations of the data; however, suit.able soundings were
In light of these past studies, there still exists a needound for each case. Each sounding was also modified
to differentiate crossing and noncrossing environmentdVith the surface conditions within an hour before the
and determine what other key processes may be at worRMCS passed through, in order to obtain as accurate a
The hope is that this study can aid forecasters in identif@Presentation of the inflow environment as possible.
fying typical environments of each case type and serve After modifying the soundings, numerous parameters
as a guide to understanding these systems better. Thyéere calculated and averaged to represent the thermo-
is accomplished through analysis of observations as weflynamic and kinematic environment for the cases. A
as idealized simulations to understand the key processé®mplete listing of the parameters used for this study,
at work in these systems. including those deemed important for MCS maintenance
Section 2 will discuss the data and methodology ofdy Coniglio et al. (2007), can be found in the Appendix.
_ _ In order to determine the extent to which crossing
~ Corresponding author addresSasey E. Letkewicz, Department 5,4 noncrossing environments were different, statistical
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ity that the difference between groups is due to randonthe MCS is moving into is more important for its main-

sampling. tenance than the one in which it developed. However,
DCAPE was found to be the parameter which best sep-
b. Model Design arates case types in the upstream environment. Crossing

. . ) ) ) i cases on average contained higher amounts of DCAPE
Th|s_study also u_t|I|zed 3_D simulations of idealized noncrossing cases, and this finding can be asso-
squall lines, employing Version 1.11 of the Bryan Cloud gjaeq with the potential for stronger cold pools (more
Model (CM1), a three-dimensional nonhydrostatic nu'evaporational cooling).
merical model (Bryan and Fritsch 2002). A horizontal L
Many of the discriminatory downstream parameters

gggsrga:?hge?;ol dgnsjrr;:cz J:gegt(l)%a:ng;gﬂsazeat;Zzi;rgrrﬂ re linked to the stability of the environment. Notably,
) e downstream environment tended to be quite a bit

periodic y-dimension was 60 km in extent; the across—more unstable for crossing than noncrossing cases, with
line x-dimension was nominally 600 km, although this nearly 2000 J/kg more CE\PE for the surfacge based and
was increased for the faster-moving squall line simula- y 9 . . . .
: most unstable parcels. This result is consistent with
tions. . e .
. - . . ... Keighton et al. (2007)’s finding that most crossing cases
Convection was initiated using a line thermal with . : o
. . . . occur during the peak of daytime heating (i.e. when there
a #’ of +4 K and the idealized Weisman and Klemp . . o )
is the greatest amount of instability). Crossing cases also

(1982) thermodynamic profile. The squall line was al- . . .

.. tended to have higher surface potential and equivalent
lowed to evolve and mature for three hours before its otential temperatures and mixing ratios. which coin-
cold pool reached the base of the mountain. The di—p P 9 X

X i X cide with greater instability. The surface to 500 b
mensions of the mountain remained constant, a Gausdifference’s significance is mainly attributable to the sur-
sian bell-shaped hill with a half width of 50 km and a 9 y

. L . .~ faced, value, which was also a discriminatory parame-
height of 1 km, roughly approximating the dimensions o
. . . .~ ter. Additionally, the low level lapse rate was greater for
of the Appalachian Mountains. The mountain was in-

finitely long in the y-direction. crossers. Finally, the averaged MUCIN was smaller (less

Ob tional its (di di tion 3 t.inhibition) for crossing cases than for noncrossing cases.
servational results (discussed in section _a) Mot is important to note that many of these parameters are
vated the focus of model tests on the wind profile. Pro-

. . . A . correlated with one another, thus the key finding is that
files utilized are |IIustraFed n Figure 1. Two profile types crossers tended to have a thermodynamic environment
were employed: the idealized Rotunno et al. (1988)WhiCh was more favorable for convection.

wind profile (serving as the control, and increased or de- .
creased by 5 m/s) and composite observed wind profiles The other primary category of downstream parame-

from the downstream environment (one representing thé€"s Which best separated crc;]ssmg ar;d noncrosswf\gIMCS
crossing cases and one for the noncrossing cases). Eagﬂvwonme_:ntT :js \évmd and s f)alri( Th e most L;se uh pa-
change in the shape of the wind profile was additionally'@Meters included maximum bulk shear, 0-3 km shear,

accompanied by a simulation which removed the terrairs™ 12 Méan wind speed, 0-6 km shear, and the mountain-
for comparison. perpendicular component of the 0-3 km shear and the

mean 3-12 km wind speed. Interestingly, the average
for each of these parameters wamaller for crossers
than noncrossers. Higher shear is generally beneficial (to
3. RESULTS an extent) for MCS maintenance (Rotunno et al. 1988,
Coniglio et al. 2007), thus it is perplexing to find the op-
posite observed. We wondered if crossing cases tended
Though numerous parameters were used to determing® dominate in the warm season, which climatologically
the thermodynamic and kinematic environment of thehas weaker shear due to less baroclinicity. Yet, a sam-
MCSs in this study, only a few stand out as being useple comparison of shears between case types reveals that
ful in differentiating between crossing and noncrossingthe trend isnot dependent on the time of year (Figure
cases. Tables 1 and 2 rank the upstream and dowr). It has been observed anecdotally and noted in an ide-
stream parameters based on their discriminatory powealized setting (Frame and Markowski 2006) that MCSs
(only parameters with a p-value less than 0.4 are shown)veaken while traversing the barrier, in part because the
Comparison of these tables reveals that the downstreaiwepld pool is weakened or partially blocked. Thus, it may
environment was a much better indicator of whether orbe that smaller shear values downstream provide a bet-
not an MCS would cross, as there are several parameer balance with a weaker cold pool (i.e. weaker baro-
ters with a very low (less than 0.05) p-value, while only clinic vorticity generated from the cold pool balanced
one upstream parameter had a p-value less than 0.0ith the weaker vorticity from the environmental shear;
This simple comparison shows that the environment thaRotunno et al. 1988). The finding that crossing cases had

a. Observations



a weaker mean wind could be explained by consideringpite its weaker cold pool and slower storm motion.
slope flows induced by the ambient wind. In a westerly The next set of simulations incorporated a more re-
wind regime, upslope flow is located on the windward alistic wind profile, based on the observed downstream
side of the mountain, while downslope flow is found in mountain-perpendicular component of the total wind.
the lee. This sinking motion on the eastern side can acThe observed crossing wind profile simulation does in-
to suppress convection, thus it can be benefical for squaleed produce a crossing MCS which appears to go
lines to have a weaker mean wind so that this suppresthrough a cycle of slight enhancement, weakening, and

sion is not as strong. subsequent restrengthening (Figure 6). Notably, the re-
flectivity is much stronger in the eastern half of the do-
b. Simulations main when the mountain is present as compared to when

there is no mountain. The noncrossing wind profile also

In light of the unexpected observation of compara-produces an MCS which is able to traverse the barrier,
tively weaker shear and mean wind in crossing caseshough the reflectivity does appear to be weaker than the
we now further evaluate their unique role through ideal-crossing profile simulation, particularly in the first cou-
ized model simulations. The first set of sensitivity testsple of hours of the simulation and as well as downstream
dealt with changing the mean wind of an idealized windof the mountain after crossing has occurred.
profile like that employed by Rotunno et al. (1988). The Comparing the cold pool strengths of these observed
mean wind was then alternately increased and decreasqgﬂlofne simulations provides further insight (Figure 7).
by adding a constant to this profile (Figure 1). In a runwithout terrain, the noncrossing profile simulation pro-
with no terrain, increasing or decreasing the mean windjuces a stronger cold pool than the crossing profile simu-
should simply create a faster or slower moving MCS of|ation. When terrain is added, both the crossing and non-
similar evolution. However, when terrain is included, crossing cold pools are weakened (as compared to their
slope flows come into play. counterparts without terrain), yet the new cold pools are

The control and increased mean wind run are simi-now of similar strength. This suggests that the noncross-
lar in that they both appear to uphold the Frame andng profile’s cold pool is weakeneghore due to its in-
Markowski (2006) conceptual model, where there ap-teraction with the barrier, as it was initially stronger in
pears to be slightly enhanced reflectivity on the upslopghe case without terrain. Meanwhile, the cold pool in the
side of the mountain, subsequent weakening, and thearossing profile simulation is less affected by its inter-
redevelopment on the downstream side (Figure 3). Hovaction with the barrier. This result, combined with the
moller diagrams of along-line averaged surface verticacomparison of simulated reflectivity (i.e. crossing pro-
velocity also reveal their similarity, illustrating compara- file reflectivity is stronger in presence of terrain, whereas
ble slope flow structure but with slightly varying magni- noncrossing profile reflectivity is slightly weaker with
tudes (Figure 4). It is clear from Figure 4 that due to theterrain), illustrates that the shape of the wind profile it-
westerly wind profile, positive vertical velocities (ups- selfis also important in determining if an MCS will cross
lope) dominate on the western half of the mountain (po-the mountains. Recall, however, that in the observed
tentially enhancing the convection), while negative verti-MCSs (Table 2), changes in the downstream instabil-
cal velocities (downslope) dominate on the eastern halfity also played a large role, an effect that is relatively
Once the MCS crosses the mountain peak, stronger sinlstraightforward, and thus is not taken into account in
ing motion aids in the supression of convection. these simulations.

The decreased mean wind run is less clear-cut, par-
ticularly due to the development of a new convective
line out ahead of the original (Figure 3). We have ob-4. CONCLUSIONS & FUTURE WORK
served such real-world behavior on a number of days,
and further study is warranted. The environmental low A collection of 20 crossing and 20 noncrossing MCS
level wind reversal may be the cause of this new con-cases in the Appalachian region served as the basis for
vection, particularly due to the impacts slope flows andthis investigation. The downstream environment east
resultant vertical velocities. Figure 4 illustrates generalof the mountains appears to be essential in determin-
sinking motion west of the mountain (potentially work- ing whether crossing will occur. Specifically, higher
ing to weaken the approaching convection) and risingamounts of instability, less shear, and a weaker mean
motion east of the mountain. The result of this flow re-wind best separated the observed data. While greater
versal and weaker mean wind is made clear by examinstability is not a surprising result, less shear and a
ining the strength of the cold pool, which is noticeably weaker mean wind is. We hypothesize that the theory
weaker than in the other simulations (Figure 5). Thoughput forth by Rotunno et al. (1988) on the maintenance
unconventional, a crossing MCS was still produced de-of squall lines may provide the reasoning behind the ob-



served weaker shear, while a weaker mean wind may be mesoscale convective systems crossing the appalachi-

beneficial due to weaker downslope flow in the lee acting ans. Preprints22nd Conf. on Weather Analysis and

to suppress the convection. Forecasting Park City, UT, Amer. Meteor. Soc., 16
We designed simulations utilizing the CM1 numeri-  pp.

cal model built upon the idealized results of Frame and .

Markowski (2006), seeking to isolate the impact of both ROtUNNO, R., J. B. Klemp, and M. L. Weisman, 1988:

idealized and observed wind profiles. Varying the mean A theory for strong, long-lived squall line3. Atmos.

wind of the idealized wind profile does not change the Sci, 45, 463-485.

ability of the MCS to cross the terrain, though it does in-\yeisman. M. L.. and J. B. Klemp, 1982: The depen-
fluence the convection produced. The increased mean yence of numerically simulated convective storms on

wind simulation essentially produced a faster moving ertical wind shear and buoyandylon. Wea. Rey.
system similar to the control and still went through a pe- 110, 504-520.

riod of orographic enhancement, weakening, and then

restrengthening on the downstream side. The decreased

mean wind run also produced a crossing MCS, but was .

unigue in that a new line of convection developed outAppendIX

ahead of the original line, thus deviating from the Frame

and Markowski (2006) conceptual model. A second sefParameters used for this study include Convective Avail-

of simulations incorporating observed wind profiles into @ble Potential Energy (CAPE) and Convective Inhibition

the model illustrated the importance of the shape of thdCIN) of the surface parcel, the most unstable parcel

wind profile, particularly since the MCS in the noncross- (MUCAPE & MUCIN), and the 0-1 km mixed layer par-

ing wind profile had a less favorable interaction with ter- c€l (MLCAPE & MLCIN); downdraft CAPE (DCAPE),

rain than that in the crossing wind profile. LCL height, 0-1 km, 0-3 km, 0-6, 3-12 km, and maxi-
Currently, we are working on simulations which vary Mmum bulk shear (defined as the maximum shear between

the mean wind for the observed wind profiles, as well agd-1 km and 6-10 km); 1 km wind speed, 3-12 km mean

performing sensitivity tests which change the amount ofwind speed, 0-3 and 3-8 km lapse rate, 850 mb dewpoint,

low level shear in the idealized wind profiles. Further > andf.; surface to 500 mb difference éh, precipitable

analysis of the dynamics of these systems is also undetater, and surface properties such¥as., and mixing
way to strive for complete understanding. ratios. Note that CIN values were only averaged if they

were accompanied by CAPE values greater than zero.
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Figure 1: U-wind profiles used in the idealized (control, increased and decreased mean wind) and observed (mountain-
perpendicular crossing and noncrossing) numerical simulations.
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Figure 2: Histogram displaying the downstream maximum bulk shear values by month for all crossing and noncross-
ing cases. Crossers are shaded in blue and noncrossers in red.
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Figure 3: Hovmoller diagrams of maximum surface simulated reflectivity for the control, flat control, increased mean
wind, and decreased mean wind simulations. Time in hours is the y-axis, and distance from the mountain peak (at
x=0) in km 1s the x-axis.
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Figure 4. Hovmoller diagrams of line-averaged surface vertical velocity (inm/s) for the control, flat control, increased
mean wind, and decreased mean wind simulations. Time in hours is the y-axis, and distance from the mountain peak
{atx=0) in km is the x-axis.
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Figure 5. Hovmoller diagrams of line-averaged surface ¢’ (K) for the control, control flat, increased mean wind, and
decreased mean wind simulations. Time n hours 1s the y-axis, and distance from the mountain peak {at x=0) in km 1s
the x-axis.
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Figure 6: Asin Fig. 3 but for the observed wind profile simulations.
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Figure 7: Asin Fig. 5 but for the observed wind profile simulations



| Parameter | Crossing Avg. | Noncrossing Avg.| p-value |
DCAPE (J/kg) -688.6 -509.6 0.024140
MUCIN (J/kg) 74 -26.6 0.077949
Mtn-perpendicular 0-6 km Shear (m/s) 7.7 11.0 0.089889
Maximum Bulk Shear (m/s) 23.1 29.8 0.124039
MLCAPE (J/kg) 963.0 464.9 0.130819
0-3 km Shear (m/s) 11.7 14.8 0.136659
2-8 km Shear (m/s) 12.8 18.2 0.145909
0-1 km Shear (m/s) 9.4 12.0 0.156688
0-6 km Shear (m/s) 13.1 18.3 0.207448
1 km Wind Speed (m/s) 12.1 14.5 0.267787
850 mb#. (K) 336.8 332.3 0.271777
MUCAPE (J/kg) 2068.5 1437.9 0.285007
3-12 km Mean Wind Speed (m/s) 17.8 21.3 0.282637
850 mb Dewpoint{C) 12.7 11.1 0.302427
Mtn-perpendicular Maximum Bulk Shear (m/s) 15.7 194 0.303237
Mtn-perpendicular Mean 3-12 km Wind Speed (m/s) 11.2 135 0.34917
Mtn-perpendicular 0-1 km Shear (m/s) 6.1 6.9 0.389006

Table 1: Parameter averages and p-values for the upstream environment.

| Parameter | Crossing Avg. | Noncrossing Avg.| p-value |
SB CAPE (J/kg) 2403.9 518.9 0.000230
MUCAPE (J/kg) 2712.9 903.3 0.000260
Surface-500 mig. Difference (K) 18.3 6.1 0.001410
0-3 km Lapse Rate (K/km) 7.0 55 0.002520
Maximum Bulk Shear (m/s) 20.1 30.2 0.003130
0-3 km Shear (m/s) 9.3 15.7 0.003170
3-12 km Mean Wind Speed (m/s) 12.8 21.1 0.003350
0-6 km Shear (m/s) 12.5 19.6 0.005140
Surfaced (K) 301.2 296.8 0.011200
Surfacef, (K) 343.8 331.9 0.013150
LCL Height (m AGL) 866.2 521.5 0.017590
Mtn-perpendicular 0-3 km Shear (m/s) 5.7 9.3 0.018090
Surface Mixing Ratio (g/kg) 15.2 12.6 0.021470
Mtn-perpendicular Mean 3-12 km Wind Speed (m/s) 8.7 13.3 0.032580
MUCIN (J/kg) -22.6 -62.8 0.046850
Mtn-perpendicular Maximum Bulk Shear (m/s) 13.9 194 0.055389
MLCAPE (J/kg) 593.8 317.7 0.056579
Mtn-perpendicular 0-6 km Shear (m/s) 8.5 11.6 0.100569
2-8 km Shear (m/s) 11.3 16.1 0.146079
SB CIN (J/kg) -53.5 -104.1 0.228498
MLCIN (J/kg) -69.2 -64.8 0.333607
850 mb Dewpoint{C) 11.4 10.1 0.354216

Table 2: Parameter averages and p-values for the downstream environment.






