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Day-to-day variations of (an ensemble of) clouds and their surrounding
large-scale) thermodynamic environment
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Day-to-day variations of (an ensemble of) clouds and their surrounding |
(large-scale) thermodynamic environment -
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Roadmap for Today’s Presentation

1.) Introduce entraining plume model computation of vert. integrated buoyancy (B)
2.) Identify and define convective discharge-recharge cycles
3.) Characterize the cloud population of discharge-recharge cycles

4.) Ocean-atmosphere energy budgets of discharge-recharge cycles

Indian Ocean and Western Pacific, oceans only
Daily average 2.5 degree data
IMERG precipitation and ERA5 thermodynamics

2001-2015 or available subset

Mean and seasonal cycle removed from energy budget terms




Lower Tropospheric Vertically Integrated Buoyancy (B

Calculating:

1.) Entraining CAPE (integrated
measure of buoyancy)

restricted to
2.) 1000 hPa - 600 hPa,

below the freezing level
(~575 hPa, ~4.5km)




Lower Tropospheric Vertically Integrated Buoyancy (B)
.

1.) Initialized at 1000 hPa
using large-scale average
T and q profiles
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Lower Tropospheric Vertically Integrated Buoyancy (B)

1.) Initialized at 1000 hPa using
large-scale average T and q
profiles

— = Environment

2.) Entrains environmental air  piae i = = = plume, No Entrain.
with large-scale average " g » . R = Plume, DIB
thermodynamic properties

vy

3.) “Deep Inflow B”
entrainment profile with peak
vertical velocity at 450 hPa.

4.) Conserves ice-liquid water

| potential temperature, liquid

.| water exceeding 1 g Kg!rained
r. out

§ 5.) Outputs T, profiles




Lower Tropospheric Vertically Integrated Buoyancy (B)

1.) Initialized at 1000 hPa using
large-scale average T and q
profiles

2.) Entrains environmental air
with large-scale average
thermodynamic properties

3.) “Deep Inflow B”
entrainment profile with peak
vertical velocity at 450 hPa.

4.) Conserves ice-liquid water
potential temperature, liquid
water exceeding 1 g Kg! rained
out

5.) Outputs T, profiles

600 hPa
, | (B>DIB = / = R4 (Tv,p - Tv,e) dln p
1000 hPa

. S8

Coarse estimate of ability of
large-scale environment to

support deep convection
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Identifying Convective Discharge-Recharge Cycles

Joint PDF of Precipitation and (B)

-600

A
-500 -400 -300 -200 -100

(B)pig U Kg™']

-1 0
log,o Percent of Samples

Single mode

Precipitation rate generally
increases with increasing (B)

but...

Wide range of precipitation rates
for fixed/given (B) value




102

10?

101

|
T
>
©
T
£
£
Td
)
T
2%
c
b
ol
©
=~
=
v
()
|
a

Identifying Convective Discharge-Recharge Cycles

Joint PDF of Precipitation and (B)

-600

A
-500 -400 -300 -200 -100

(B)pig U Kg™']

-2 -1 0
log,o Percent of Samples

How do precipitation and (B)
co-evolve in time?




Identifying Convective Discharge-Recharge Cycles

Joint PDF of Precipitation and (B Methodology
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Identifying Convective Discharge-Recharge Cycles

Discharge-Recharge Cycle
Cyclical amplification/decay of
convection coupled to cyclical

increases/decreases in a relevant
measure of convective instability

Joint PDF of Precipitation and (B)

102

101

Estimated timescale ~10-40 days

1071

Overlapping shallow and deep
convective D-R cycles
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Identifying Convective Discharge-Recharge Cycles

Discharge-Recharge Cycle
Cyclical amplification/decay of convection coupled to cyclical
increases/decreases in a relevant measure of convective instability
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Discharge-recharge cycles evident in probability of moistening




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Cloud profiling radar (A~mm) detects smaller cloud liquid
and ice particles, but attenuates more rapidly than
precipitation radar (A~cm)

Echo Objects (EOs) = contiguous regions (> 3 pixels) of
“cloud mask” (> 20)

Units: 10* horizontal
pixels per bin

Cloud Types determined by
EO base, EO top, and EO width

Thin cirrus undetected, and some shallow clouds
missed due to surface clutter



Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Cumulus (CU)

EO Base N/A

EO Top <=4.5 km

Units: 10* horizontal
pixels per bin

EO Width <=~10 km

CuU

400

X in pixels (~km)




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Strato Cumulus (SCU)

EO Base N/A

EO Top <=4.5 km

Units: 10* horizontal
pixels per bin

EO Width > ~10 km

SCU

400

X in pixels (~km)

CuU




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Congestus (CG)

EO Base < 3 km

EO Top >=4.5 km, <10 km

Units: 10* horizontal
pixels per bin

EO Width N/A

CG

CuU

400
X in pixels (~km)




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Alto Stratus & Alto Cumulus (ASAC)

EO Base >=3 km

EO Top >=4.5 km, <10 km

Units: 10* horizontal
pixels per bin

EO Width N/A

ASAC

400

X in pixels (~km)

CuU




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Narrow Deep Precipitation (NDP)

EO Base < 3 km

EO Top > 10 km

Units: 10* horizontal
pixels per bin

EO Width <200 km

10
EO base (km)

NDP

CuU




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Wide Deep Precipitation (WDP)

EO Base < 3 km

EO Top > 10 km

Units: 10* horizontal
pixels per bin

EO Width >=200 km

10
EO base (km)

WDP

IIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIII cu

400

X in pixels (~km)




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Detached Anvil (DAN)

EO Base > 3 km

EO Top > 10 km

Units: 10* horizontal
pixels per bin

EO Width N/A

DAN

CuU

400
X in pixels (~km)




Characterizing Clouds: Vertical and Horizontal Structure

Riley et al. 2011 CloudSat Echo Objects

Cirrus (Cl)

EO Base >=7 km

EO Top > 10 km

Units: 10* horizontal
pixels per bin

EO Width N/A

Cl

CuU

400

X in pixels (~km)




Characterizing Clouds: Vertical and Horizontal Structure

Composition of EOs
EO Base

wbDP
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Characterizing Clouds: Shallow and Deep D-R Cycles

Composition of EOs
EO Base

Deep Convective D-R Cycle
Shallow Cumulus

L

Congestus

L

Narrow Deep Precipitation

MCS - Wide Deep Precipitation

[l

Detached Anvil + Alto Stratus Alto Cumulus

Shallow Cumulus

Benedict and Randall 2007 - MJO

The Discharge-Recharge Mechanism

-10 -5 0 +5 +10 +15 +20

R | —
~10-15 days ~10 days ~20 days

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




Characterizing Clouds: Shallow and Deep D-R Cycles

Composition of EOs
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Ocean-Atmosphere Coupled Energy Budgets

MSE Budget
Atmosphere MSE Budget ./ e
_ on Eé' ’u:&
- s —w— £ ik
<V Vh> @5y | FVE+H+ () B Tendency i ,,(,,r,,t \‘t‘ l
g; 4 ”
\ 1 ] L £l Il | _
Transport Surface g, diation (B)DIB"K‘-' 1
Fluxes A

e Tl
g '
P m. iy

"f{r‘;"i\’!' 'l |

=550 -
(B)pigU K9 1

—

Preclpitatlon Rate [mm day '] S
0° 10* 10?
1 1

—

Precipitation Rate [mm day“).n,
xo ' 100 10! 107

-20 o lﬂ
lw m~’]

-

e
Ty v
A t/ll u“

h oU
7 ﬂ 1\ f.‘l (

> <B>D.Buxsl :

Radiation

-20 o 10 zo 3
le 1

("__’;
Ocean acting as f - ,:m
important energy —p ( Y ‘U '
: AL
source/sink f \' 1 “

(B)DIB uKs- ]

[Wml



Ocean-Atmosphere Coupled Energy Budgets

SST/OHC

_ Tendency
: SST cooling
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Upper ocean losing energy

Upper ocean gaining energy




Ocean-Atmosphere Coupled Energy Budgets

MSE Budget OHC Budget
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Ocean-Atmosphere Coupled Energy Budgets
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Ocean-Atmosphere Coupled Energy Budgets

How do MICSs impact ocean and
atmosphere energy budgets?

MSE Budget OHC Budget (i) MSE + OHC Budget
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Ocean-Atmosphere Coupled Energy Budgets

How do MICSs impact ocean and
atmosphere energy budgets?

-
]
>
)
°
E-
g2
=
o
]
=3
P
2
s
s,
8o
=5
v
g
[

~-600 ~-500 ~-400 -300 -200 ~100
CAPE 000 - 500 DIB [J Kg~']

25 30 35 40 45 S0 S5 60 65 70 75
Fraction of Total Precipitation Rate [%]

MCS are unigue in their ability
to rapidly discharge lower
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Radiation

MSE + OHC Budget

*uw

A L

S /l B

7[1({ i
\

‘00 m -400 -300
(B)ma”"’ i
4
50 - 3 ° o lo 20 30 a0 S0
[Wm ]

o

& W\l
Y N

Al

300 =400 -600 -500 -400 -300 ~166 0 -600 -
(B)D,Bu Kol (B)pig U kg1 (B)D,B UKol
e SR g A,

MSE Budget OHC Budget (i)

P T
. L

‘NH' 3 ‘NH'

x//l ““ l ( //4 ! i

Tendency

—
Praclpltltlon Rita [mm day~'] 2—
10} 10

Pri eclpltatlo Rate [mm day“) —
10

Prec| ipit ation R te [mm

&U
17 f'_ i\ f H

a0

b
i
1
-100 o
-
~50 ~40 ~30 -20 -10 30 40 50 (

—
o
S—
p—
—h

Precipitation Rate [mm day ']~
10-* 1 10* 10°

30 -20 -10
(Wm)

S T Ut
—‘/’.‘K.‘\“‘ ERYY
Br VY, x//l

4?’ t'ﬂ

ERYY

\W' ,

Precipitatlon Rate [mm day '] :
104 107

Preclpltatlon ﬂ;ate [mm day"!

50 -40 -30 -20 10 0 10 20 30 40 350
Wm]

(2]
—

1
&
o
I}
w
©}
1
ok
c

&

H
—

L]
~—

Preclpitatl n Rate [mm day ']
,- i 2

-20 -10 © ~l
Wm]

XK iy
Ty v
{ttoc Y

i

-10 2‘0
w m l

o

= ‘N”'
«’MA‘\ “ /
/l

il f il i

{ f§! 1
\
(1-3‘):13 T (é‘;:)IB UKg" ’ ) E2 (B)ms UKo ’

OJOOOOOOJOlOW(h)”OW'&OOO 070)0405 300)02000 02’4050

Wm) Wm7] Wm?)
’

10°
1

10’
T

SN
- &6~4“‘.,

-
-
=
Preclpltatlon Rate [mm day“ls
10¢ 107
v 1

Precipitation Rate [mm day ']
-3 0° 10 10°

Zﬁ?"

600

L LTy

Wil tnﬁ

il

o - =
(B)DIB“"‘-‘ N (B)Dmu“' B
- K 7

2 -10 0 lo 20

—
Pre:lplhtlon Rate [mr!t day ‘! e:
10

Pre lpltatlo Rate [mr:l day‘
10

30 40 50 - -20 -10 0 1
(Wm] [(Wm?]



Ocean-Atmosphere Coupled Energy Budgets
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1.) Identified shallow convective and deep convective discharge-recharge cycles
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Summary

1.) Identified shallow convective and deep convective discharge-recharge cycles

2.) Characterized structure and organization of clouds associated with D-R cycles

Non-Deep

10?2
102

10!

10!

Precipitation Rate [mm day!]
10 100
Precipitation Rate [mm day~!]

101

! 1 (14] y '
L

—6100 —5‘00 —4‘00 —3‘00 —2‘00 —1.‘60 -600 -500 -400 -300 -200 -100 -600 -500 -400 -300 -200 -100 (l)
(B)pis U Kg'1 (B)pig U kg™ (B)pig UKg™1

Precipitation Rate [mm day!]
10°

o
o-

50 55 60 65 70 75 80 85 90 95 100 0 5 10 15 20 25 30 35 40 45 50 25 30 35 40 45 50 55 60 65 70 75
Fraction of Total Precipitation Rate [%] Fraction of Total Precipitation Rate [%] Fraction of Total Precipitation Rate [%]

s
| ~
v :

MR-
A
iy
==
-

P —
— =

¥



Summary

1.) Identified shallow convective and deep convective discharge-recharge cycles
2.) Characterized structure and organization of clouds associated with D-R cycles

3.) Combined ocean and atmosphere energy budgets to examine D-R cycles

ERAS + IMERG + HYCOM
MSE Budget OHC Budget MSE + OHC Budget

E)
|

- - Lot o
> > >
M -~
ER ; ‘HH"‘“ 53' TR ES' > RTETA ~tg
e —‘7’-11;\\““ e —‘/l—ﬁ;\‘ “' 8 -’q‘ﬂ;\”“'
Tendency é:- /r/' e i Sk arde. M B / s,
s P 2 2
% q g < Hf l .5/7./“ {ff § u r '
2 5. . . S
: f f *\ f His f “ '
g1 [ty
o o 1 1 I o 1 5
=300 -400 300 200 -10 -600 -500 -400 -300 ~-200 ~-100 [ -600 soo -400 -300 -200 -100
] CAPE; 00 - 600 DIB [J Kg~'] CAPE 000 - 500 DIB [J Kg~'] CAPE 000 - 500 DIB [J Kg~']
!I - iy | 4 o
- ~50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 10 0 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50

(W m~?] [W m~?]




