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Impact of Data Assimilation Variations on 1-km Forecasts of 24 May 2011 Tornadic Supercells
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Introduction
Data assimilation techniques are designed to produce accurate initial model fields by
minimizing deviations from observations while also limiting imbalances that can lead to,
for example, spurious gravity waves.
One such technique is incremental analysis updating (IAU; Bloom et al. 1996).
IAU acts to minimize the “shock” to the model state by gradually updating the model
fields during the data assimilation window.
Brewster et al. (2015) and Brewster and Stratman (2016) expand on the original IAU
method by allowing for variable-dependent, temporally-weighted distributions of the
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« Excellent forecast by all. All of the runs depict
same-time distance errors less than 12 km and
any-time distance and timing errors less than 9
km and 14 min, respectively. f
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¢ The Cycling runs have the most number of 0- “
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1UH centers near S1, while the ModIAU runs
have the fewest.
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« All of the runs have a fairly even north-south
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Some model details:
* Advanced Regional Prediction System (ARPS), developed at CAPS

Some of the successes and failures can be
attributed to the amount of overforecasting
the areal coverages of reflectivity.
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* 323 x 353 grid-point domain with 53 vertical levels - * For example, the ModIAU runs overforecasted + Complex storm interactions yield less success 5
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¢ 12-km NAM model output used for background fields and lateral BCs
* Milbrandt and Yau double-moment bulk microphysics (Milbrandt and Yau 2005a,b)

the most at all thresholds, contributing to
mostly poor skill scores, esp. at 30 and 40 dBZ.
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Verification Techniques
RMSE computed and averaged using Oklahoma Mesonet data.
Fractions skill score (FSS) computed and averaged for composite reflectivity at three
thresholds using the neighborhood technique with several window sizes (i.e., scales).
An object-based verification technique is used to verify simulated 0-1-km UH (0-1UH)
centers with estimated tornado locations for three storms of interest by computing
same-time (ST) and any-time (AT) distance and timing errors.
* Asearch radius of 4 km is used to isolate 1-6-km (0—1-km) UH maxima that are greater than or
equal to 300 m?s2 (15 m? s2) and their surrounding grid point values. A max UH value is
considered a UH-center candidate if 4 out of 8 (1 out of 8) of the adjacent grid point values

centers for the Cycling and CyModIAU runs.

« Conversely, the modified IAU technique results
in a reduction in the number of 0-1UH centers.
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* Even though a goal of the modified IAU
technique is to better retain updrafts, the
ModIAU and CyModIAU runs generally yield
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weaker 0-1UH centers as compared to the e
other runs.
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number of 0-1 UH centers than Cycling.

* The Cycling runs result in the smallest any-time
timing errors with errors less than 10 min.
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The choice of data assimilation technique has some impact to 1-km forecasts of surface
variables, composite reflectivity, and location and timing of low-level circulations.

The Cycling, ModIAU, and CyModIAU runs all show signs of improving forecasts of
convection-related variables, especially low-level circulations.

In many of the RMSE and object-based metrics, the NolAU runs performed better than
the OriglAU runs, but differences among methods are very small.

adjustments happening during and soon after the assimilation windows.

Additional work needs to be done in fully understanding these results by looking closer at
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equals or exceeds 150 m?s2 (10 m2 s2 ). The UH-weighted center is then computed using a
radius of 3 km (2 km) extending from the grid point with the max UH value. The 0-1-km UH-
weighted centers are filtered by requiring a 1-6-km UH-weighted center to concurrently exist
within 5 km.
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