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nonlinearity In lsading to the movement of error from emall scales to larger
scales,

Any forecasting method is subject to this (not just numerical
prediction) because the behavior of the system is heavily dependent

on the initial conditions!

 there is a sensitive dependence on initial conditions
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Current trends in cloud models:

*Higher and higher resolution

-Studies include more simulations (no longer in the era of “one
production run”)

*Ever increasing sophistication of microphysical
parameterizations

Increasing use of ensembles
Increasing use of dynamical data assimilation techniques

*Operationally useful NWP that resolves smaller scale
convective processes
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The predictability of the squall line
(Wu, Meng, Yan , AAS, 2012)

» Sensitivity to the model error

— Physical parameterization
— Grid size

» Sensitivity to the initial error
* Possible way to improve the forecast skill
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YSU

EHS forcing
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Impact of physical parameterization
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Sensitivity to grid size
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Sensitivity to initial error

Setup of ensemble forecast
> Initial ensemble : WRF-3DVar
>»Ensemble size: 40

»STD: 1K for T, 2m/s for u and v, 0.5g/kg for qv
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Splitting experiments

A={initialyooq — initialy,,4}/10

All_1= initial, g+ A*1
All_2= initial,, o+ A*2

All_9= initial,_ 4+ A*9

(Melhauser & Zhang 2012)
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Sensitivity to the initial error: all variables
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Sensitivity to the initial error: different variables

Only UV

Only T

Only Qv

All but Qv
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Summary

» Model error apparently affect the predictability of the
squall line
* Physical parameterization
« Grid size
 Cumulus parameterization

> Initial error apparently affect the predictability of the
squall line
* Linear impact
 The moisture condition and moist processes played an
important role
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Topographical Forcing, Monthly Weather Review, 143, 2973-2997

23 of 62




SR ZENENREREIE

Composnte Reflectlwty 20130520180000

| 40 5)14:56~15: 35, EF52&
36°N|
WEEE ~
35°N|
W ol
34°N}|

100°W 99°W 98°W 97°W 96°W

24 of 62




i’—ﬁ’ﬁ% CDT=UTC-0500

35°N |;

aan |

30°N | ) /J/\ |

1 1 1 -—N ’ -
105°W 100°W 95°W 105°W 100°W 95°W

25 of 62




“‘one-way nested”

HERNKE

X T A %

27kmD0A /[ '
Y00, | |BEMNT R H

Vi lGrell- D/evenylrrBD%NE_ ——
Thompsor?ﬁ‘%ﬁ / |
MYNNiZRZ | [ones
?30‘ RUCBEEE ?EE .I 'I

Spe.| 17 ™, _;

~
L2
.'

0
1-km D04 5 YR _1._
209, 4

-

7200, 110%  100°W 90°W oo™

D01 D02 & D03 D04 1956~2035

5819H 58200  5H20H ¥ 5821H
1200 UTC 1200 UTC 1500 UTC 0000.4TG,




X RS HRFHFRRU

HER

27 of 62




B 7E M T R e 1) =2

Composite_Reflectivity_20130520184500
- . - -

Composite_Reflectivity_20130520180000

Mg CE Nz

Composite_Reflectivity_20130520191500

R

Composite_Reflectivity_20130520193000

4 70 70 70 70
36°N 65 36°N 65 36°N 65 36°N 65
60 60 60 60
55 55 {25 55 55
50 @ 50 . 50 50
a5 €3, 45 . a5 a5
asN e 30 a5 ol 110 a5 - e 40 N o
M 30 ’ 30 30 30
o 25 ; . 25 25 25
oy C@' 20 oy 20 20 20
: ik 15 “ 15 —'\__ 15 15
34°N F\‘; i 10 34°N % i 10 34°N 10 34°N 10
iﬂ Py 5 = P 5 %’ﬂu L“\;fA 5 ' 5
|ru':°\.|\|l au.%\r aa®al a7 o |ru':°\.|\|l aar aa®al a7 o |r|.|;°\.|\|l nu%\r ana o |ru':°\.|\|l aaar aa®al a7 o
5%“ Composite_Reflectivity_20130520194500 Composite_Reflectivity_20130520200000 Composite_Reflectivity_201 30520201 500 Composite_Reflectivity_20130520203000
: 70
36°N 36°N 36°N 65 36°N
60
55
50
45
as°N as°N 3s°N 10 35N
a0
25
Ny 20
; : 15
34°N 34°N 34°N B e 10 34°N
r 4 - .' R L ,r\'u'L\‘\;fH\- s
100°W 99°W 98°W 97°W 96°W/ 100°W oW 98°W 97°W 96°W/ 100°W 595w 55°W 57 56°W
— — — - — — — - — — — — - —
TRUTH_Single_20130520193000 TRUTH_Single_. 20130520200000 TRUTH_Single_20130520200000
g 70 1 b :
38°Nf | - il 65 36N} | 65 36°Nf | 36°N
i . & . g & [ i [
| - o7 55 | 55 |
| - 50 | 50
R 45 45 |
2 I 40 2 I 40 o ¥ 2
35°N If ép.‘. 35 35N If 35 3N If 35°N
. S x u
34°N - fe fe 3 34N
2 L/LUJ}JJ"\«)L\_V_/A [ y i J}JJ"\,\A\_V_/A [ L/"-W_,J}Jf\,\;x\_v_,,« [

TRUTH Slngle 20130520213000 .

TRUTH Slngle 20130520220000

TRUTH_Slngle_20130520223000

TRUTH Slngle 20130520230000




A i 1%

Predictability is the degree to which a correct prediction or forecast of
a system's state can be made, either qualitatively or quantitatively.
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Impact of using a multi-scheme on the
predictability

Model configuration of Multi-scheme

No. of members No. of members using a No. of members No. of members using
using a cumulus microphysics scheme and the using the PBL the longwave scheme

scheme and the schemeused scheme and the andtheschemeused

scheme used scheme used

13, Kain-Fritsch 4,Lin etal. 1YSU;2,ETA;1,MRF  3,rrtm;1,cam
4, Thompsonetal. 1YSU;2,ETA;1,MRF  3,rrtm;1,cam
5, WSM six-class graupel 2,YSU;2,ETA;1,MRF  3,rrtm;2,cam

13, Betts-Miller 4, Linetal. 1YSU;2,ETA;1,MRF  3,rrtm;1,cam
4, Thompsonetal. 1YSU;2,ETA;1,MRF  3,rrtm;1,cam
5, WSM six-class graupel 2,YSU;2,ETA;1,MRF  3,rrtm;2,cam

14, Grell-Devenyi 4,Lin etal. 1YSU;2,ETA;1,MRF  3,rrtm;1,cam
5, Thompsonetal. 2,YSU;2,ETA;1,MRF  3,rrtm;2,cam
5, WSM six-class graupel 2,YSU;2,ETA;1,MRF  3,rrtm;2,cam

(Wu, Meng, Yan , AAS, 2012)
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Ensemble spread of Multi vs. Single
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Summary

» Model error apparently affect the predictability of the
squall line
* Physical parameterization
« Grid size
e Cumulus parameterization
> Initial error apparently affect the predictability of the
squall line
* Linear impact
 The moisture condition and moist processes played an
important role

» Adding physical perturbation helped to improve the
forecast skKkill
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