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Hypothesis: Convection passively responds to changes in the large-scale environment.



Hypothesis: Clouds are actively involved in “preconditioning” environment for MJO.

e Discharge-Recharge Mechanism

~10-15 days ~10 days ~20 days

Deepening cumulus Convective and Suppressed
heating & moistening, stratiform rainfall, convection

Benedict and Randall (2007), following Bladé and Hartmann (1993) and Kemball-Cook and
Weare (2001)
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Powell and Houze (2015b)
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Objectives

1. Timescale

2. Do clouds moisten environment or does

something else, allowing for cloud
development?

3. Role of global circulation anomalies in cloud
growth
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Timescale of MJO Convective Build-up

What duration 1s the transition from suppressed to
widespread, deep convection?
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Powell and Houze (2013)
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Powell and Houze (2015a)
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Powell and Houze (2015a)
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Moistening by Cumulonimbi

Do moderately deep clouds moisten the troposphere
during transition periods, or does moistening permit
observed cloud deepening?
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Powell and Houze (2015b)
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Powell and Houze (2015b)

Purple = Cg 200 i
Black = Trans.
300}

o b
o O
o O

%=Vh-Vq+a)g—q+Q2
P
600}

700}

N N |

sz(c—e)+a—(a)q) 800

P 900 |

1000 oo ..

5 4 3 -2 1 0 1 2 3 4 5

Apparent moisture sink ~ x10°%
(9kg's™)

~~
©
0
L
~
o
| -
-
2
N
o
[ -
o

11 March 2016 Powell: Scale Interactions in MJO Onset




WREF V3.5.1

2 km grid spacing

* Thompson
microphysics
(following, e.g., Powell
et al. 2012)

« MY] PBL scheme 584 656

* Forced with ERA-I
every 6 hours and
NOAA RTG for sea
surface temperature

* 1-20 October and 4-
20 November 2011
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Powell (2016)
Rain-type classification following
Powell et al. (2016)
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Powell (2016)
Rain-type classification following
Powell et al. (2016)

Suppressed Transition Suppressed Transition

£
20 dBZ echo g
top height 3
frequency 3
200 §
11 13

October November
. K= =
Relative s E
Humidity 2 2
a &

11 13
October November

11 March 2016 Powell: Scale Interactions in MJO Onset 49



11 March 2016

‘©
ol
<
o
| —
-]
7))
)]
o
-
ol

500

Suppressed

Transition
L . |

1

 (a)

N

—

|
o

I
[N

Powell: Scale Interactions in MJO Onset

Water vapor mass change (mm d-')

|
N

|
w

Powell (2016)




HADYV in precipitating clouds

VADV 1n precipitating clouds

Net phase change in
precipitating clouds

HADYV in clear-air
environment

VADYV i1n clear-air environment
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The Circumnavigating MJO (Kelvin wave?)

How does LS upper-tropospheric divergence relate to
convection rooted in a warm, moist boundary layer?



Hypothesis: Convection passively responds to changes in the large-scale environment.
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Large-scale vertical velocity anomalies are in phase with velocity potential anomalies.
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Powell (2016)
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Individual
terms in
buoyancy
equation:
Mean in 700-
850 mb layer

11 March 2016

Mean buoyancy (m's

Pressure (hPa)

Suppressed

, Transition
}

Active

., Suppressed |

Transition Active

1

"- o~ & po-q

1 1 1

S 890 9@~

1 1

10 12
October

Suppressed

Transition B

14 16 18

Active

11 13 15
November

Transition B Active

Pressure term

Temperature term
= Humidity term
— Liquid water term

— Total
1 1

10 12
October

Temperature

11 13 15 17 19
November

Hydrometeor

o
o
=

Mean buoyancy (m s2)

Powell (2016)




Powell (2016)
Mean 700-850 mb temperature
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Powell (2016)
Mean 700-850 mb temperature
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Changes in environmental temperature at start of transition periods are less than 1K!
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Conclusions
* 3-7 day build up in cloud population during

transition periods prior to MJO convective onset.

* During transition periods, moderately deep clouds
moisten environment via evaporation, making
environment conducive to deeper convection.

* Circumnavigating wave has impacts on low-
wavenumber w anomalies of O(0.01 Pa s1).

* Changes in vertical velocity cause small changes of

O(0.1K) in tropospheric temperature below 500 hPa.

* Small changes in environmental temperature
dramatically alter mean buoyancy of cloud updrafts

in 700-850 hPa layer.







