


4. Discussion and conclusions

Convection-allowing 3-km grid-spacing WRF-ARW

simulations were conducted for 36 cases of convection

across the United States to explore the relationship

between large-scale forcing and initiation and upscale

evolution into an MCS. Knowledge of this relationship

could improve forecasts of MCSs. Traditional (ETS and

bias), neighborhood-based (FSS), and object-based

techniques were used to determine model skill for the

upscale evolution for each case. The different scoring

techniques were also compared.

It was found that initiation erred in the southwest

direction on average, but the average timing error was

around zero due to a nearly normal distribution of tem-

poral errors. No relationship existed between the skill of

the model at forecasting initiation and the strength of

large-scale forcing. Since the large-scale forcing itself was

reasonably well simulated, we suspect subsynoptic-scale

features such as storm-scale outflow boundaries, hori-

zontal convective rolls in the boundary layer, and oro-

graphically forced circulations—all of which can provide

for locally very strong forcing—exert a significant influence

on the timing and location of CI. These features are not

evaluated by quasigeostrophic measures, and the two

measures that might show the impacts of these smaller

scale features, 700-hPa omega and 200-hPa divergence,

did not show these features when averaged over space

and time and after filtering in this study. Even though

the RUC analyses were on a rather refined 20-km grid, it

appears this may still be too coarse to accurately repre-

sent some of these small-scale features. Therefore, errors

in the analysis values also likely influenced this finding of

a lack of a relationship. The limits of predictability for

a single convective cell at 3 km alsomay have contributed

to the poor relationship, since the data used to feed the

model were not fine enough in time or space to ade-

quately resolve individual convective cells and since the

model is generally only able to fully resolve features

larger than about 20km (Skamarock 2004). A correlation

was found between the strength of large-scale forcing and

model QPF skill in the 6-h forecast that represented up-

scale evolution according to ETSs, agreeing with Jankov

and Gallus (2004), who used coarser-resolution models

with convective parameterization. This relationship was

not particularly strong, however. No particular verification

FIG. 17. Surface frontogenesis (Km21 s21) valid at 0200 UTC 11 Sep 2009 from a 14-h forecast using filtered WRF

output.
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method provided a strong relationship in this study.

Object-based verification, which specifically focused on

the target system, did not give a better result than the

domain-averaged verifications of the ETS and FSS. ETSs

and FSSs were found to be strongly correlated.

A detailed examination of one case where initiation

was forecast poorly despite strong large-scale forcing

was provided to gain more understanding of causes of the

good and bad aspects of the forecast. In that case, large-

scale features such as a short-wave trough, upper-level jet

stream, and low-level warm advection were well repre-

sented, but the specific smaller-scale forcing features in the

region of CI were not as accurately simulated. Because of

the small-scale variability in the region near the pressure

trough and moisture gradient, features driven by large-

scale forcing in this case study, initiation erred in both its

timing and location. It must also be acknowledged that

errors possibly present in the RUC analyses used to rep-

resent the observations may have influenced the results.

Although a detailed case study was presented here for

only one case, each case was evaluated with a similar

level of detail. In each of the 36 cases, smaller-scale

features such as storm-scale outflow boundaries, hori-

zontal convective rolls in the boundary layer, and small-

scale orographically forced circulations associated with

large bodies of water or complex terrain were found to be

resolved, at least partially, in the model domain. In some

of these cases, these smaller-scale features were either

primarily responsible for initiation, or complicated the

determination of specific causes for initiation.

High-resolution model output can be valuable in the

investigation of small-scale features, such as storm-scale

outflow boundaries and horizontal convective rolls in

the boundary layer, features that models such as the

one used in this study can resolve [although horizontal

convective rolls are poorly resolved; D. Stensrud (2012,

personal communication)] and that may impact the

simulation of deep, moist convection. Fields such as

surface dewpoint, temperature, divergence, and low-

level vertical motion, when unfiltered, indicate the

heterogeneity of the lower atmosphere and also show

how easily the forecast for the initiation of convection

can err, especially given how sensitive convection is to

small-scale details that may be only partially resolved

in higher-resolution model simulations. Given the

spatial density of the observations used to feed high-

resolution models, as we approach the limits of pre-

dictability on this scale, temporal and spatial errors

in convective initiation are understandable, and a de-

crease in errors would be unlikely without significant

FIG. 18. As in Fig. 17, but for 700-hPa omega (mb s21).
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improvements in the initial and lateral boundary con-

dition data. Further improvements could also come

from better surface and boundary layer parameteriza-

tions. Although refinements in grid spacing will likely

continue in the coming years as computer resources

continue to increase, it is important to keep in mind

that improvements in forecasting convective initiation

and evolution may not be automatic as the limit of

predictability will continue to be approached. Future

studies should continue to explore the predictability of

convection at these fine scales using an ensemble of

high-resolution model simulations.
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