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Satellite observations
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Satellite observations
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I Embedded convection in WCBs

Satellite observations
Binder 2016, PhD thesis; Flaounas et al. 2016, QJRMS; Crespo and Posselt 2016, MWR;
Flaounas et al. 2018, ClimDyn; Oertel et al. 2019, QIRMS

23 Sep 2016 — Cyclone Viadiana (I0OP 3 - NAWDEX)
slow slantwise ascent

fast convective ascent “escalator”
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Satellite observations
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I Embedded convection in WCBs

Satellite observations
Binder 2016, PhD thesis; Flaounas et al. 2016, QJRMS; Crespo and Posselt 2016, MWR;
Flaounas et al. 2018, ClimDyn; Oertel et al. 2019, QIRMS

Convection-permitting simulations
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I Potential vorticity (PV) framework

cloud diabatic processes -
D 1 . 1 vorticity
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WCB ascent
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|. How does embedded convection influence the cloud and
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I Methodology

Cyclone Viadiana (IOP 3 NAWDEX)

« Convection-permitting simulation
with the non-hydrostatic model COSMO

Alon = Alat = 0.02° (~2 km)
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Cyclone Viadiana (IOP 3 NAWDEX)

e Convection-permitting simulation
with the non-hydrostatic model COSMO

Alon = Alat = 0.02° (~2 km)

* Online trajectories
Miltenberger et al. 2013, 2014

- calculated from 3D wind field at every
model timestep (At =20 5s)
- explicitly capture rapid convective ascent

 WCB trajectories 600 hPain 48 h
e.g., Madonna et al. 2014, JCLI

* Lagrangian composite analysis
Oertel et al. 2019, WCDD

- Slantwise ‘escalator’-like WCB trajectories
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Cyclone Viadiana (IOP 3 NAWDEX)

e Convection-permitting simulation
with the non-hydrostatic model COSMO

Alon = Alat = 0.02° (~2 km)

* Online trajectories
Miltenberger et al. 2013, 2014

- calculated from 3D wind field at every
model timestep (At =20 5s)
- explicitly capture rapid convective ascent

 WCB trajectories 600 hPain 48 h
e.g., Madonna et al. 2014, JCLI

* Lagrangian composite analysis
Oertel et al. 2019, WCDD

- Slantwise ‘escalator’-like WCB trajectories
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I . How does embedded convection influence the cloud structure?

. : 10
Composite cloud structure ,, | stratiform cloud
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Online trajectories from
2 km COSMO simulation

convective WCB ascent - ‘elevator’
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I Il. How does embedded convection influence the PV structure?

Online trajectories from
2 km COSMO simulation
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Il. How does embedded convection influence the PV structure?

PV@320K
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I Il. How does embedded convection influence the PV structure?

Composite low-level PV structure

(at 800 m)
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I Il. How does embedded convection influence the PV structure?

Composite low-level PV structure

(at 800 m)
slantwise WCB1 ™5™ convective WCB1™Ms™
X WCB trajectory position - . 13 X convective updraft . . ¢+ /4 B3
------------------- | . f , f
... . . A | 8 Ry I 8
................... v
................... 4 oo L 4
§ ................... - E f / Iy =
P S 2 S L] + [ ! j [} l 2 3
8 ,,,,,,,, ,.?1n ....... a 8 Co / I , [ a
....... T o~ L 1 1
e I 1‘:fin E — \ l ]‘ // i : L E
""" .. 0 Y] o
,,,,, ::14... . . . . . . l\ 1 // I 1. \ 0
****** SESESERRERREN B LA/ -
....... 4 0 . . e e e e e e _2 \ N ._‘_/// / r ' v N _2
................... - ,// / } : . .




I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure
(at 320 K)
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I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure

(at 320 K)
- -1 H -1

slantwise wcB!™* convective WCB1 ™S

L . . . i = N \. N — . } , ' ‘

x WCB trajectory position - . 13 X convective updraft , , , ., 13

boe ol D000 =

TSRS : A AL

bt be o T Y

‘\\\x..... . » 4 7 ] 4
c 1 ST —_ = —_
= IR R P 2 3 X ’ M 2 3
@) }}t\\\\-—xuﬁ.\\ >>>>> o o - # / :5-
(@] Now - B S _ N .
© ff'l'l‘\:\‘::\ ...... 1 E — - 7 F ! 1 E

r*‘\l‘\\\\ ......

f!"h-w‘\\ vvvvvv O g ! ! ! 0

t 4 41 . - % v b e e s P Y

| T T T, . . -1 -1

L ] ra F r ‘.

N AR 11 2 2 o 2




I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure

(at 320 K)
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Composite upper-level PV structure

(at 320 K)
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I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure

(at 320 K)
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Composite upper-level PV structure
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I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure

(at320K)
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I Il. How does embedded convection influence the PV structure?

Composite upper-level PV structure
(at 320 K)
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Composite upper-level PV structure
(at 320 K)
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I Il. How does embedded convection influence the PV structure?

Composite upper-level vertical vorticity structure

(at 320 K)
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Il. How does embedded convection influence the PV structure?

Embedded convection forms mesoscale PV dipoles
2 X 2 km?
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lll. How does embedded convection influence the large-scale circulation?

1) existence of PV anomaly on a larger-scale
>> coarse-graining to 60 km

09 UTC 23 Sep 2016
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I lll. How does embedded convection influence the large-scale circulation?

60 x 60 km?

— T
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I lll. How does embedded convection influence the large-scale circulation?

1) existence of PV anomaly on a larger-scale
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I lll. How does embedded convection influence the large-scale circulation?
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I lll. How does embedded convection influence the large-scale circulation?
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I lll. How does embedded convection influence the large-scale circulation?

°lat

1) existence of PV anomaly on a larger-scale
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2) Temporal evolution of negative PV
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I lll. How does embedded convection influence the large-scale circulation?
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I lll. How does embedded convection influence the large-scale circulation?

°lat

1) existence of PV anomaly on a larger-scale
>> coarse-graining to 60 km

2) Temporal evolution of negative PV
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I lll. How does embedded convection influence the large-scale circulation?

°lat

1) existence of PV anomaly on a larger-scale
>> coarse-graining to 60 km

2) Temporal evolution of negative PV
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I lll. How does embedded convection influence the large-scale circulation?

1) existence of PV anomaly on a larger-scale
>> coarse-graining to 60 km

2) Temporal evolution of negative PV .
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lifetime, can interact with the
upper-level waveguide and form
jet streaks
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I Conclusions
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I Conclusions

. Embedded convective ascent in WCBs forms a denser

cloud with higher hydrometeor content and more intense

surface precipitation

.  Embedded convection in WCBs leads to
" stronger pos. low-level PV anomalies

" mesoscale upper-level horizontal PV dipoles

. On the larger-scale, convectively produced PV anomalies

aggregate to elongated PV dipole bands around

elongated convective updrafts, which can

" interact with the upper-level waveguide

" strengthen the isentropic PV gradient

" resultin jet streaks
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I Il. How does embedded convection influence the PV structure?
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I Potential (in-)stability (d© /dz )
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I Equivalent potential temperature
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I Vertical vorticity
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I Different stages of convectively generated PV
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I Comparison of cyclones Viadiana and Sanchez
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I PV structure and CAPE

10+

z [km]

convective WCB - 1h prior to ascent

0
distance [km]

600 km

convective WCB - 1h prior to ascent

X convective updraft

600 km

N
Qo
o

N N

(@ RN N
o O O
CAPE [J kg]

(o))

120



I Flow attribution
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I PV modification

Harvey et al.2020, QJR
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Jet acceleration
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I Vertical cross-section
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I Vertical cross-section

QS+QR+QG [kg/kg]

PV [PVU]




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83

