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Assessment of the RUC10 forecasts of storm initiation during IHOP

R. D. Roberts and J. W. Wilson
National Center for Atmospheric Research, Boulder Colorado, USA

Abstract. RUC 10 numerical model forecasts of quantitative the ability of the RUC10 to capture the evolution of the 11
precipitation are compared to detailed observations collectednost significant (size, intensity and organization) convective
during the IHOP-2002 field experiment. Approximately two- events.

thirds of the time the model is able to forecast the initiation

of convection but frequently the precipitation is offset both

in space and with time. The model does best in predicting? Data

the initiation of precipitation associated with cold fronts and The initiati isod based on data f 11 rad ith
the worse in predicting precipitation associated with smaller e initiation episodes are based on data from 11 radars wit

scale convergence boundaries. While the model is usua”yverlappmg covefr:zge for t(gil 65650 kmds_i:[udy area ;hatl-
able to forecast the general structure and orientation of th&OVers portions of Kansas, Oklahoma and Texas (see Fig. Lin

initial convection, it is unable to predict the subsequent mo-W_IISOn and Robers, 2004)'_ An initiation episode is the initi-
tion and evolution of the precipitating systems. ation of a group of convective cells (cell must cover an area

of at least 4 i of >40 dBZ) that initiate closely in time and
space and are not nearby existing storms. Thus the episodes
are new initiations that are not caused by updrafts or down-
1 Introduction drafts from existing storms. A total of 109 initiation episodes
were identified. The number of cell initiations in an episode
The purpose of this paper is to examine the ability of an op-varied between 2 and 55 and the duration of an episode var-
erational numerical model with very-short period prediction jed between 20 and 200 min.
capabilities (3 and 6 h) to forecast the initiation and evolution  Comparisons are made between the RUC10 6 h (3 h) fore-
of convective precipitation. The chosen model is the 10 kmcasts of convective precipitation accumulation and radar re-
version of the Rapid Update Cycle (RUC10). This high reso-flectivity. The accumulation forecasts are for a three hour
lution version of the operational 20 km RUC was run specif- period 3-6 h (0-3 h) after forecast time, whereas, the radar
ically by the NOAA Forecast System Laboratory (FSL) for reflectivity are instantaneous fields available every 10 min.

the International HO Project (IHOP2002). Readily avail-  Wwhile these are far from equivalent, comparisons are still in-
able were three and six hour forecasts that were issued evefgrmative.

3h. A primary objective of the Internationalo® Project

(IHOP_2002) was to better understand and predict the pro-

cesses that determine where and when convective storms fir§t Model description

form (Weckwerth et al., 2004). ) ) ) )

A companion paper in this conference (Wilson and _The R_UC is an analyss-forecast numerical mpdel which
Roberts, 2004) identifies and assembles statistics concernirfé routinely run at the National Centers for Environmental
the initiation and evolution of all convective storms during all Prediction (NCEP). It is described in detail in Benjamin et
44-days of the experiment. This present paper investigate@ (2004a, b); we offer here only a brief description. The
the ability of the RUC10 to forecast the identified initiation RUC is an advanced version of the hydrostatic primitive
episodes and stratify the results using the established forc€auation model developed by Bleck and Benjamin (1993).

ing mechanism of the initiation episode. Also examined is It is unique among operational numerical weather prediction
models in two primary aspects: its hourly forward assimila-

Correspondence tdR. D. Roberts tion cycle and its use of a hybrid isentropic-terrain-following
(rroberts@ucar.edu) vertical coordinate for both assimilation and forecast model
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YES - Forecasts g No - Forecasts Table 1. RUC 10 model performance statistics.
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Fig. 1. Performance of the RUC10 3 h forecasts of convective pre-tendency for the RUC10 to over-forecast the extent of pre-
Cipitation to predict the storm initiation episodes. The cases arecipitation could be contributed to the fact the RUC10 fore-

divided into elevated and surface based initiation. No means no precasts are 3 h accumulations and not instantaneous precipita-
cipitation forecast; the yes forecasts are sub-divided by the degreggn rates.

f ti . . .
of time and space error Figure 1 shows the performance of the model in the 3h

prediction of storm initiation for all of the episodes, strat-

components. The convective parameterization scheme iLﬁed into surface-based and elevated categories. A p,|°t, of
based on an ensemble approach described by Grell and D 1€ Qh forecast performance (not ;hown) showed a similar
venyi (2002). d!strlbutlpp'of'yes/no forgcgst;. Failure of t.he model to pre-
During IHOP the RUC10 ingested a number of speciald'Ct the |n|t|“at|(3n of precipitation for an eplsode_was tabu-
data sets including mesonets (like the Oklahoma mesoned?ted as a no forecast episode. - While two-th_m_:l_s (.62%)
profilers (including RASS), integrated precipitable water of the t|mg the model was able to“fore”cast the |n|t.|at|qn of
from GPS sites, satellite cloud drift winds, VAD winds from a convectlvg stqrm episode (see "yes forecastf n ,,F'g' 1)
Doppler radar and winds and temperatures from commercia?Ioser e>§am|nat|on shows thgt only 25% of the “yes fore-'
aircraft. In addition empirical methods were used to adju:st(‘faStS episodes (15% of aII_ gp|spdes) were g_ood forecast_s n
relative humidity at model grid points based on the presenc:;Irlme and space. A good_ initiation precipitation forecast is
or not of satellite observed clouds. This can aid the initia- "¢ that helxd.<.50. km spanal or<lh temppral offset; rela-
tion of convective precipitation at grid points where there is tive to the |n|t|_aF|0n ep|sode. The majqu_ty qf th_e time the
positive CAPE (Benjamin et al. 2004b). RUC10 had difficulty in prpducmg.preupltatlon in the cor-
rect area for the correct time period. Note also that there

was no preferential bias in the ability of the model to predict
4 Initiation Results precipitation initiation for the surface-based versus elevated
episodes; an unexpected result.

Model performance assessment was done by overlaying the Comparison was made of the model forecast performance
initiation episode contour onto the RUC precipitation fore- relative to the different initiation mechanisms (see Table 1).
cast fields valid for the initiation episode time period or very It is clear that the model does the best job predicting storm
close to that time period. For example, for an initiation initiation (19 out of 23 episodes) when the initiation mecha-
episode on 15 May (Initiation time = 19:00-22:00 UTC), the nism is associated with a frontal boundary. But in a large per-
3 and 6 h forecast fields valid at 1800 and 2100 UTC werecentage (40%) of those forecasts, the area of the forecasted
examined to determine if the model forecasted new precipiprecipitation is 2—4 times too large compared to the storms
tation within or in the vicinity of the initiation episode con- that actually occur and the model had difficulty in dissipat-
tour zone. Spatial coverage, orientation and offset (distancéng the precipitation with time. The model was able to pre-
and direction) of precipitation from the initiation zones were dict storm initiation for all 4 surface low pressure episodes
noted. Additional forecast time periods surrounding the ini- but similar to the frontal episodes, the forecasted spatial cov-
tiation time period (e.g. 15:00 and 00:00 UTC) were also ex-erage was 3 times too large. Taking into consideration that
amined to document any timing errors in the forecasts. Asthe model forecast is a 3 h accumulation and the radar is a
discussed in Sect. 2 the RUC10 forecasts are for 3h accuseries of instantaneous precipitation image throughout the
mulations. For example the 6 h forecast for 12:00 UTC isinitiation episode we still conclude that there is a tendency
a forecast for an accumulation for the period from 09:00 tofor the model to often over-forecast the area of precipita-
12:00 TC. Since the initiation episodes are also for a time petion. While it would be less obvious in a 3h accumulation
riod (ranging between 20 and 200 min) the discrepancy wasve noted a lack of realism to the precipitation structures. For
not felt to be a significant factor. Only a small portion of the example the model did not replicate the spiral band structure



R. D. Roberts and J. W. Wilson 185

Fig. 2. June 12—-13 RUC 6 h precipitation forecasts (solid white contour) overlaid on radar reflectivity (gray shade scale in dBZ on right) at
3hintervals (a—e). The forecasts are 3 h accumulations ending at the given time. The reflectivity is the instantaneous field at at the given
time. The first precipitation contour represents an accumulation of 1 mm during the 3 h period; the second contour (only reached in b) is
10 mm. Boundaries are shown by thick white lines.

of the precipitation evident in 3 of the 4 surface low pres- grid, it appeared that realistic precipitation structures were
sure episodes. Inaccurate representation of detailed precipfrequently absent and likely a result of limitations in the cu-
tation structure was not confined to surface lows alone; rathemulus cloud and boundary layer parameterization schemes
it was a common problem observed in forecasts associate(personal communication, Steve Weygandt and John Brown
with all categories of triggering mechanisms. Thus, evenof FSL).

though the model was run on a higher resolution (10 km)
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Fig. 3. Same as Fig. 2 except for 15-16 June.

Elevated episode are divided into two categories in Ta-spectrum of scales. Of the 18 events (62%) that had valid
ble 1: those that are related to frontal boundaries and isolatetbrecasts from the model, half of these forecasts were 1-5h
events. While it is encouraging that the RUC10 forecastslate. Strictly speaking, that means that only 25% of the 30
storm initiation for 83% of the elevated-frontal episodes, this episodes had good, timely forecasts from the model.
result is likely misleading as most of these precipitation re- In summary the RUC10 correctly forecast storm initiation
gions are connected to precipitation forecasts that are assder 62% of the convective storm initiation episodes; however,
ciated with surface based forcing along the fronts. Thus itonly 25% of these were accurate in space and time. The most
is not clear if the model is actually able to discriminate and successful initiation forecasts were along fronts (83% cor-
forecast precipitation caused by surface based frontal forcingect), although there was a tendency for the area coverage to
versus elevated processes near a front. be too large. The ability of the model to forecast the initiation

The model predicted precipitation for 68% of the isolated- Of elevated convection was uncertain. First, it was not appar-
elevated episodes. However, a third of these forecasts ranget Whether it could distinguish between surface based ini-
from 1-5h late suggesting that the model was introducingt'at'on along a front and elevated initiation behind the frpnt.
precipitation into the forecast only after it was observed. The!n Other cases the forecasts were often late by 1-5h so it was
observational studies in Wilson and Roberts (2004) notedJ”k”OW” if the initiation was triggered by the observation of
there was convergence between 900 and 600 mb in two-thirdS occurrence.
of these cases in the RUC wind analysis. The RUC did suc-
cessfully forecast precipitation in 20 of these 23 cases. How;

. Evolution of the 10 most significant systems
ever, as mentioned above the forecasts were often late (10 (;Ef 9 y

the 20 were late). The 10 most significant convective systems that evolved from
Gust fronts, dry lines, trough and boundaries of unknownthe initiation episodes were examined in relation to how

origin were all lumped together into the Convergence Bound-the RUC handled the evolution. Significance was based

ary category in Table 1. Thus, this category contains a wideon size, intensity and organization. These storm complexes
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produce a sufficient gust front. This is a likely problem for
nearly all models.
Given the observed importance of gust fronts and their
characteristics on the evolution and motion of the initiated
storm complexes it is essential for very short period fore-
casting models to anticipate which storms will produce gust
fronts and their characteristics; this is a major research chal-
lenge for observational and numerical model scientists. Pre-
cipitation microphysics probably plays a key role in de-
termining the timing and characteristics of the downdraft
and associated gust front. This suggests that particle type
and drop size distributions derived from polarimetric radar
should prove a profitable avenue for research.

6 Conclusions and Implications



