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Motivation

* Recent step-changein predicting deep convection due to convection-
permitting models

- Enable the explicit simulation of deep convective overturning circulations
- Are become more and more popular for different applications:
From operational, regional NWP towards global/ensemble/climate simulations

* But still, many deficits in convective precipitation remain!

* Onset of precipitation (Baldaufet al., 2011)
* Lack of afternoon/evening precipitation, organization (Raspetal., 2018)

Grey Zone problem: Many processes that are closely related to
convection are still subgrid-scale:

* Turbulence (entrainment, detrainment)
*  Microphysics
* Processes for convective initiation
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https://wiki.bildungsserver.de/klimawandel/index.php/Datei:Anvil_shaped_
cumulus_panorama_edit_crop.jpg

Simulations were computed with the EULAG
model using 2 km grid sizes.
Mayer 2018, promet



Not well resolved!

Convective initiation

* Highly nonlinear process

* Convective Inhibition (CIN) needs to be
overcome or removed for deep convection
to occur!

How?

* Convergence lines, sea breezes, frontal
systems, . ..

() Surface heating, boundary layer turbulence
- PSP/PSP2

© Orography
- SSOSP

© convective cold pools
- CPP
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PSP/PSP2: Convective initiation by
Boundary layer turbulence

Publications:

@ Kober, K. and Craig, G. C. (2016) Physically based stochastic perturbations (PSP) in the boundary layerto
represent uncertaintyin convectiveinitiation.Journal of the Atmospheric Sciences, 73, 2893-2911.

@ Hirt, M., Rasp, S., Blahak, U. and Craig, G. (2019) Stochastic parameterization of processes leadingto
convectioninitiation in kilometre-scale models. Monthly Weather Review




Physically based stochastic perturbations for boundary layer turbulence : "'
PSP (Kober and Craig, 2016)

- Subgrid-scale variability of turbulence needs to be included.
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PSP in Kober and Craig, 2016 (JAS)

Domain averaged (Germany) precipitation for 01/07/2009, COSMO:
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" >Reduction of precipitation bias

kéGeneration of ensemble spread
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Modifications for improved physical
consistency

@ Hirt, M., Rasp, S., Blahak, U. and Craig, G. (2019) Stochastic
parameterization of processes leading to convection initiation in
kilometre-scale models. Monthly Weather Review
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Autoregressive Process (Hirt et al. 2019)

Problem:
In the original version, the random field changes every 10 - —e—o—eo—00-90- ... o >

min: not very physical!

Random field

Solution:
: . . . 2.4
Continously modifying n at every time step, but temporally —.
correlated via an autoregressive process: R | 18
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Constraining to PBL (Hirt et al. 2019)

Problem:

Nighttime and tropospheric perturbations are not physical. Radar
lution: - Reference

So utlon.. | | PSP, aq

Perturbations are switched off outside the boundary layer. PSP-AR, a(

- Reduce impact of perturbations at night
- Scheme developed for buoyantturbulence, not shear
(vertically correlated perturbations)

PSP-HPBLcut, ag
PSP-mask, ag

| — -
PSP-AR, g PSP-HPBLcut, o <
o ~ £ 0.2
2e-04 E
20 = % le04 & —
2 c
40 [ 6e-05 o
0@@ 0e+00 '-% 0.1
- Qv Qv 2e-07 _ !
5 20 1e-07 3 o
3 6e-08 & u
T - £ ool
OW===W= 56-04
3e-04 — .
20 2e04 & Time [HH UTC]
20 - - 0e+00 =

N VoA VA S - TR 1 R \ T - N SN S B A T )
Time [HH UTC] Time [HH UTC]



W

WAVYES TO WEATHER

3d-nondivergent Perturbations (Hirt et al. 2019)

Problem: [ \

W perturbations are virtually ineffective due to
dissipation via pressure perturbations.

Solution: A v
Perturbingalso u & v in a 3d-nondivergent manner, 1‘ \1,
depending on w perturbations: — €« —
————
* 3d non-divergence:
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PSP2: PSP AR + HPBLcut + w2uy, VAR O T ATHER
simulate longer period: 29.05- 07.06.2016
COSMO-DE
— 0.4 Scale: 227 km
S SThreshold: 0.1 mm/h
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=== Radar, weak forcing mmmm  Reference, weak forcing mmmm  PSP2, weak forcing
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Applications of the PSP Scheme

Member 2

 Different realizations given the same {;,_—1,;1\ o
macroscale/synoptic condition to test ./ SN
Craig and Cohen Theory (Rasp et al. 2018, 5 {
JAS) R
e Ensemble spread (Keil et al. 2019, QJRMS) * {m,zfoo" PR

« Model error representation for DA (Zeng - & <

etal. 2020, MWR) N -

« PSP in ICON L .
* Implementation (F. Jakub) — .

* Application in large ensembles (I. Chen, C.
Keil) 0 1 3 10 30 100([mm/h]

(Rasp et al. 2018, JAS)
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Applications of the PSP Scheme

» Different realizations given the same
macroscale/synoptic condition to test

Craig and Cohen Theory (Rasp et al. 2018,
JAS)
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* Ensemble spread (Keil et al. 2019, QJRMS)

 Model error representation for DA (Zeng

et al. 2020, MWR) *fﬁ:@

0 3 6 9 12 15 18 21 24
time [UTC] time [UTC]

* PSP in ICON o ot
* Implementation (F. Jakub)

. Aprl))lication in large ensembles (I. Chen, C.
Kei

(Keil et al. 2019, QJRMS)
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Applications of the PSP Scheme

» Different realizations given the same
macroscale/synoptic condition to test
Craig and Cohen Theory (Rasp et al. 2018,

JAS) = % :
€035 W -
= i
< o3t %
* Ensemble spread (Keil et al. 2019, QJRMS) €, ‘\\\
% 0.2 "
* Model error representation for DA (Zeng To1s
et al. 2020, MWR) ' ’ forec3ast tir:e[h]

* PSP in ICON

* Implementation (F. Jakub)

. Aprl))lication in large ensembles (I. Chen, C.
Kei
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Applications of the PSP Scheme

DE area: Initialize at 2020-08-15:00:00 UTC

0.8 1 --- PARP_PSP1 a2.5
* Different realizations given the same N I
macroscale/synoptic condition to test E0-67 . pspras
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* PSP in ICON

* Implementation (F. Jakub)

* Application in large ensembles (l. Chen, C.
Keil, M. Puh)
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SSOSP: Convective initiation by
Subgrid-scale Orography

Publication:
Hirt, M., Rasp, S., Blahak, U. and Craig, G. (2019) Stochastic parameterization of processes leading to
convection initiation in kilometre-scale models. Monthly Weather Review
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PSP-SSO: Subgrid scale orography

4 N N

Parameterization
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Physically based stochastic perturbations: Subgrid-scale orography

dop i) n(t, 0): Random field with Autoregressive
(_) +a-n- gb process (7) and spatial correlation o
at / ql L \ Y a: perturbation ampl., scaling factors
/, . . ) .
Stochastic perturbations ¢’ : physical scallnzg of variable ¢:
f(SS0,N<,...)
A | B o i_lr’m e Y | ‘0.9
é Sugbrid-scale | |l Stoch. N
el orography )| ", Perturbations o>
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SSOSP
Orographic gridpoints
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Flat gridpoints

1 1 1
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CPP: Convective initiation by
=Y Cold Pools

(deterministic)

(a) Reference w (level 38) (b) CPP w (level 38)
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Summary and conclusions




Hirtet al.(2020), QJRMS
Hirtand Craig(2021),

QJRMS (inreview)

[ac]

Hirtet al., 2019, MWR

=

=

Summary

1.

w

PSP2: Stoch. Perturbationsto T, qv, w (u,v) scaled according to
boundary layer turbulence

* Improving physical consistency: AR-process, PBL-only, w2uv

e Results inincreased precipitation, especially under weak synoptically
forced conditions

* Ensemble spread is enhanced

- PSP as one component of uncertainty to generate large ensembles
(planned)

Representing subgrid-scale orographiclifting using
stochastic perturbations - SSOSP

Cold pools: CPP-Scheme to strengthen gust fronts
(deterministic!)
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By improving the representation of

processes relevant for convective
initiation, we can improve convective
precipitation forecasts!
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PSP Development:

@ Kober, K. and Craig, G. C. (2016) Physically based stochastic perturbations
(PSP) in the boundary layerto represent uncertainty in convective initiation.
Journal of the Atmospheric Sciences, 73, 2893-2911.

Hirt, M., Rasp, S., Blahak, U. and Craig, G. (2019) Stochastic parameterization
of processes leading to convection initiation in kilometre-scale models.
Monthly Weather Review.

Cold Pools:

@ Hirt, M., and Craig, G. C., (2021) “A cold pool perturbation scheme to improve
convective initiation in convection-permitting models”, in Review

Thank you for your attention!

m.hirt@Imu.de
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