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Forecast Particulars

1) 4 km WRF running operationally over
central and eastern US.

2) Forecasts made with total lightning
assimilation (EarthNetworks) and
without.

3) Lightning forecasts compared to USPLN
(WSI) CG lightning.
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Outline

1) How Long Does Assimilation Help?
2) Review of Dates; 2-6 hour forecasts
3) Text Book Assimilation Case

4) Using Forecast and Observed Lightning to Filter
Spurious Convection

5) 4 km vs 1.3 km forecasts (case study)

6) The Moore Oklahoma Tornado (A Forecast Every
10 Minutes!)



Oto3hr 3to6hr 6109 hr 9t 12hr 12w I5hr 15w I8hr
>1 3hr'
12 km 0.62/0.54 0.52/0.52 0.42/0.45 0.41/0.43 0.3

24 km 0.75/0.68 0.67/0.67 0.58/0.61 0.56/0.59 0.52/0.54 0.52/0.53
48 km 0.87/0.83  0.80/0.81 0.74/0.76 0.75/0.77 0.71/0.73 0.71/0.72
96 km 0.95/0.93 0.91/0.92 0.89/0.89 0.90/0.91 0.89/0.90 0.89/0.89
>53hr'

12 km 0.59/0.50 041041 0.26/0.2 0.23/0.26  0.23/0.2 0.27/0.2
24 km 0.74/0.66 0.57/0.57 0.43/0.43 0.38/0.40 0.39/036 043/04
48 km 0.88/0.83 0.74/0.76  0.64/0.66  0.60/0.61 0.59/0.58  0.64/0.63
96 km 0.95/0.93 0.88/0.89 0.85/0.85 0.85/0.87 0.86/0.87 0.89/0.89
> 103 hr'

12 km 0.55/0.48 0.33/0.34 0.16/0.18  0.14/0.15  0.12/0.10  0.17/0.17
24 km 0.71/0.65 0.52/0.52 0.33/0.32  0.25/0.26  0.25/0.21 0.29/0.29
48 km 0.86/0.83 0.71/0.71 0.56/0.58 0.44/042 045041 0.50/0.51
96 km 0.94/0.93 0.86/0.85  0.80/0.81 0.69/0.75  0.79/0.76  0.87/0.86
>253 hr'

12 km 0.30/0.26 0.13/0.17  0.05/0.09  0.05/0.04  0.03/0.02 |

24 km 0.48/0.47 0.34/0.30 0.16/0.15 0.10/0.07  0.09/0.03 0.08/0.12
48 km 0.69/0.72 0.59/0.52 032031 0.23/0.15  0.21/0.12  0.20/0.27
96 km 0.87/0.87 0.82/0.77  0.58/0.54 046042 048037  0.60/0.59
>503 hr'

12 km 0.11/0.06 0.01/0.04 0.00/0.05 0.00/0.00 0.00/0.01

24 km 0.24/0.15 0.07/0.06 0.07/0.09 0 00/0 00 0.00/0.01 0.02/¢ 3
48 km 0.47/0.33 0.33/0.18  0.19/0.19  0.00/0.00  0.00/0.0¢ ( 0.19
96 km 0.64/0.58 0.71/0.50 041035 006010 002003 010032
>100 3 hr'

12 km 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.0¢

24 km 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 0.00/0.00 )/

48 km 0.00/0.00 0.11/0.00 0.00/0.00 0.00/0.00 0.00/0.01 0.191

96 km 0.19/0.00 0.74/0.00 0.17/0.00 0.00/0.00 0.00/0.0¢ 0.19/

Table 2: Equitable Threat Scores from 4 times daily 18 hour
forecasts with/without lightning assimilation from 06 UTC 19
March 2012 until 03 UTC 21 March 2012. Lightning assimilation
was 3 hours prior to the start of each forecasts.




Dates in May 2013

Day Tornadoes Wind Hail Total
03 0 0 0 0
04 5 6 0 11
05 0 0 1 1
06 1 5 16 22
07 0 2 30 32
08 7 32 116 155
09 4 26 57 87
10 0 84 50 154
11 0 20 5 25
12 0 2 0 2
13 0 22 1 23
14 0 23 1 24
15 7 22 31 60
16 it 24 19 47
17 7 17 56 80
18 16 72 92 186
19 34 355 199 558
20 37 281 129 447
21 0 307 104 414
22 0 145 57 202

Table 1: Dates for which forecasts with lightning assimilation
were compared against those without, using the operational
forecast domain.
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Figure 1: SPC storm reports for 22 04 2011, 01 05 2013, 09 05 2013, and 20 05 2013. Relevant storm
reports for forecast simulation map results shown in this paper include: 18 tornadoes in MO, IL, and
KY, as well as 80 hail reports, and 24 wind reports (top left); Oklahoma and Texas: 0 tornado, 21 hail
reports and 4 wind reports (top right); Texas: 0 tornado, 71 hail reports, and 12 wind reports (bottom
left); Oklahoma; 4 tornado events, 9 hail reports, and 0 wind reports (bottom right).



Figure 2: Nexrad composite radar showing reflectivity for convective storms over Texas
at hourly time steps from 22 UTC 01 May 2013 until 06 UTC 02 May 2013. The source of
the data can be found at:

http://gis.ncdc.noaa.gov/map/viewer/
#app=cdo&cfg=cdo&theme=hourly&I|ayers=0001&extent=-139.2:12.7:-50.4:57.8&srid=

4326&node=gis&display=nexrad







Figure 3: Hourly observed precipitation measured over
Texas from 21 UTC 01 May 2013 until 06 UTC 02 May
2013. The hour on each map show the precipitation
amounts observed from the previous hour until the
hour shown. The data plotted on these maps is from
the NWS River Forecast Centers, and is displayed as a
gridded field with a spatial resolution of 4x4 km. The
data is obtained from a multisensor approach consisting
of rain gauge, WSR-88D NEXRAD radar, and satellite
measurements. The url for these maps can be found at:

http://www.srh.noaa.gov/ridge2/RFC_Precip/
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Figure 4: Hourly total lightning from EarthNetworks observations integrated to
the 4 X 4 km grid elements within the forecast domain.
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Figure 5: Hourly USPLNL cloud-to-ground Ilghtnlng observatlons mtegrated to
the 4 X 4 km grid elements within the forecast domain.




01 22 UTC 01 23 UTC 02 00 UTC 01 22 UTC 1 2 U 02 00 UTC
L] | NI UL ree!
l . | ) | ' : ! \
B ﬂ [N ERSNE B S NOURE B S SR
' \ \ . \
- . [~ 1 = - 128
- ¥ 1is.
N\, . I AN < N AN D B (AN 7 N b B N e iﬁ
02 01 UTC 02 02 UTC 02 03 UTC 02 01 UTC 02 02 UTC 02 03 UTC :
| 7 =T 1 7 1 &R
Y | | | 1 || =H
- ] _ i} 1 I N il
~ : ) | | . | ) s
5 N I ; b B & P 3 - ; i I < h =3 E §
’ d o # - ~ 8s. By
Y < B an N < B N < B N I oY L ] Bg
02 04 UTC 02 05 UTC 02 06 UTC 02 04 UTC 02 05 UTC 02 06 UTC ?
— 7 ' —j T — " [ - =i B [ 8 3 — = ¢
. S [ | LM ' [ \ ' .'
- R N 4 B l 4
‘. Aniy |
) & ' . \ \ |
A h il Vst ¥ < }:
F\L 1 y r\l 1 y 'P\l 1 y r‘\l‘\ } /\\ A" ;' r\ y-x }/
~-=-NASM------- | |——— ASM —

Figure6: Forecast cloud-to-ground lightning from forecasts
NASM and ASM from 22 UTC until 01 May until 06 UTC 02 May
2013. The first three hours (22, 23, and 00) are during the RAP
nudging period. In NASM, there is no lightning assimilation. In
ASM, 10 minute lightning is assimilated into the model
forecast. The actual forecast began 00 UTC 02 May.
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Figure 7: Same as Fig. 6, but for forecast hourly total lightning values.
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Figure 8: Calculated Radar from forecasts beginning 21 UTC 01 May 2013.
Both forecasts are nudged by reanalysis data from the RAP from 21 UTC
until 00 UTC 02 May. The forecast on the left (“NASM”) does not have
any lightning simulation during this three hour period. The forecast on
the right uses lightning assimilation (“ASM) to force moist convection in
the observed location. The grid spacing size is 4 X 4 km.
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Figure 9: Same as Fig. 6 but for forecast hourly precipitation amounts.
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Figure 10: ETS values mapped from 21 UTC 01 May 2013 to 06 UTC 02
May 2013 for forecasts without (left) and with (right) lightning
assimilation. The x-axis is neighborhood radius length (km) and y-axis
is time (hr). The first three hours were when lightning assimilation was
used (right).
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Moore Tornado Event (20 April 2013)
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1)

2)

3)
4)

5)

Conclusions

Assimilating lightning can improve forecasts at least up
to six hours.

Lightning assimilation can make the difference between
predicting any storm (and its mode) and no storm at all
(or the wrong mode).

Using Predicted vs Observed Lightning to filter spurious
convection can greatly improve the forecast.

Sometimes assimilation of lightning works better when
the grid spacing 1.3 km, instead of 4.0 km.

To fully realize the value of assimilation, forecasts
should be made at 10 minute intervals (or at least more
than at greater frequency than hourly).



