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Short summary from the CSET observation of UCL clouds
e UCLs are most commonly found at height of 1.5-2 km
* UCLs coverage 0.4-0.6 between 135W and 155W

* UCL clouds is very quiescent (non-turbulent)
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Short summary from the CSET observation of UCL clouds
e UCLs are most commonly found at height of 1.5-2 km
* UCLs coverage 0.4-0.6 between 135W and 155W

* UCL clouds is very quiescent (non-turbulent)
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Short summary from the CSET observation of UCL clouds
e UCLs are most commonly found at height of 1.5-2 km

* UCLs coverage 0.4-0.6 between 135W and 155W : S 4 . ]
* UCL clouds is very quiescent (non-turbulent) ; ~ > |

2015/08/09 18:40:00 2015/08/09 18.45:00

Altitude MSL (kft)

-150 -140 -130

lon(degree)

RF15-CDP(droplet) of cloudy samples (#/cc) 100 gl

height(m)

18:41.00 18:42:00 18:43:.00 18:44:00 utc

e

Cloudy sky: RH>95% and qc(cdp)>0.01 g m*3 or qd(2dc)>0.001 g m3 or Ndd(2DC)>1/L

-

-150 -140 -130
o(degrcc)

Sl s od ~




Short summary from the CSET observation of UCL clouds
e UCLs are most commonly found at height of 1.5-2 km
* UCLs coverage 0.4-0.6 between 135W and 155W
* UCL clouds is very quiescent (non-turbulent)
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Short summary from the CSET observation of UCL clouds

e UCLs are most commonly found at height of 1.5-2 km

* UCLs coverage 0.4-0.6 between 135W and 155W

* UCL clouds is very quiescent (non-turbulent)

=» The hypothesis: UCL cloud may be the outspread cloud at the cloud top of shallow trade
cumulus and UCL sky (Na<10) may be the sky after UCL clouds evaporate (Nd<10)
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Short summary from the CSET observation of UCL clouds

e UCLs are most commonly found at height of 1.5-2 km

* UCLs coverage 0.4-0.6 between 135W and 155W

* UCL clouds is very quiescent (non-turbulent)

=» The hypothesis: UCL cloud may be the outspread cloud at the cloud top of shallow trade
cumulus, and UCL sky (Na<10) may be the sky after UCL clouds evaporate (Nd<10).
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Short summary from the CSET observation of UCL clouds

e UCLs are most commonly found at height of 1.5-2 km

* UCLs coverage 0.4-0.6 between 135W and 155W

* UCL clouds is very quiescent (non-turbulent)

=» The hypothesis: UCL cloud may be the outspread cloud at the cloud top of shallow trade
cumulus, and UCL sky (Na<10) may be the sky after UCL clouds evaporate (Nd<10).

=» Can we prove it by cloud parcel model?
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Cloud parcel model

bin microphysics scheme

condensation/evaporation (bin shift by Chen and Lamb 1994 scheme)
Collection coalescence (Bott 2000 Two dimensional scheme)

Sedimentation (i.e. flux method : N - AN, , assuming parcel depth=300m)
temperature/ saturation ratio is epr|C|tIchaIcuIated (moist adiabatic)

Including aerosol scavenging by droplet (collection kernel by Berner et al. 2013 )

Initial Nd number per cc in equlibrium with RH~80%(Nd=40/cc) after 2hr Nd number per cc
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Cloud parcel model
* Three important parameters for cloud parcel model

1. Initial aerosol concentration (#/cc)

2. cloud top height (m)
3. updraft (vertical velocity ) (fixed Uz=1m/s for cumulus)
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Cloud parcel model
* Three important parameters for cloud parcel model 1 e fi' Jecoupled, >
1. Initial aerosol concentration (#/cc) (50 #/cc to 200 #/cc) | < |im .
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Cloud parcel model

* Three important parameters for cloud parcel model

1. Initial aerosol concentration (#/cc) (50 #/cc to 200 #/cc) s

2. cloud top height (m)
3. updraft (vertical velocity ) (fixed Uz=1m/s for cumulus)
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Cloud parcel model
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* Three important parameters for cloud parcel model T j‘f- —
1. Initial aerosol concentration (#/cc) (50 #/cc to 200 #/cc) | < |km ‘ -
2. cloud top height (m) (800m to 1800m) | Vo
. . T [ B surface
3. updraft (vertical velocity ) (fixed Uz=1m/s for cumulus) { coldpools ) mixed layer
A
30
Stop lifting Move horizontally
25
at cloud top >
height 20
or
Updraft = sol i
5..
Initial aerosol
. :’J —I_ 1 1 1 | 1 1
concentration 0 500 1000 1500 2000 2500 3000 3500 4000

Trade cumulus cloud top height from Aster

Cloud Top Height, m

Genkova et al. 2006




Cloud parcel model

* Three important parameters for cloud parcel model 1 T 4*'1%?- —
1. Initial aerosol concentration (#/cc) (50 #/cc to 200 #/cc) | < |km A ]
2. cloud top height (m) (800m to 1800m) ( -
3. updraft (vertical velocity ) (fixed Uz=1m/s for cumulus) I coldpools ) mixedloyer
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Four extreme cases are presented here (U,=1m/s)
1. Na_intial=50 #/cc cloud top height=800m

2. Na_intial=50 #/cc cloud top height=1800m

3. Na_intial=200 #/cc cloud top height=800m

4. Na_intial=200 #/cc cloud top height=1800m

concentration




Na_intial=50 #/cc cloud top height=800m (low aerosol , low cloud top height )

Haze v.s Droplet
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Na_intial=50 #/cc cloud top height=800m (low aerosol , low cloud top height )

Haze v.s Droplet
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Na_intial=50 #/cc cloud top height=1800m (low aerosol, high cloud top height )

Haze v.s Droplet

2000
g
Z 1000
E
0 | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
time (s)
50 | | !
s aze (d<2 micron)
’ i
=
0 1000 2000 3000 4000 5000 6000 7000
time (s)
0.05 i |
wes AN droplet/dt
; —g::ig:ncmntinnfdt
% 0 \M/«,f—"" - s Nt from haze/dt |"|
_0'05 | | | | | | |
1000 2000 3000 4000 5000 6000 7000
deroplet - dN c 4 dN sedi + dN act time (S)

dt dt dt dt



Na_intial=50 #/cc cloud top height=1800m (low aerosol, high cloud top height )

Haze v.s Droplet

2000
g
£ 1000
E
0 | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000
Os time (s)
50 - | I !
s aze (d<2 micron)
: i
=
0 1000 2000 3000 4000 5000 6000 7000
time (s)
0.05 i !
wes AN droplet/dt
; —g::ig:ncmntinnfdt
% 0 \M/«,f—"" - s Nt from haze/dt |"|
_0'05 | | | | | | |
1000 2000 3000 4000 5000 6000 7000
deroplet - dN c 4 dN sedi + dN act time (S)

dt dt dt dt



Na_intial=50 #/cc cloud top height=1800m (low aerosol, high cloud top height )

Haze v.s Droplet
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Na_intial=200 #/cc cloud top height=800m (high aerosol, low cloud top height )

Haze v.s Droplet
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Na_intial=200 #/cc cloud top height=800m (high aerosol, low cloud top height )

Haze v.s Droplet
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Na_intial=200 #/cc cloud top height=1800m (high aerosol, high cloud top height )

Haze v.s Droplet
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Na_intial=200 #/cc cloud top height=1800m (high aerosol, high cloud top height )

Haze v.s Droplet
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Four extreme cases are presented here (U,=1m/s)

1. Low aerosol low cloud top height : UCL clouds after 4Ks after reaching cloud top

2. Low aerosol high cloud top height : UCL clouds after Os after reaching cloud top

3. high aerosol low cloud top height : no UCL clouds after 6Ks after reaching cloud top
4. high aerosol high cloud top height : UCL clouds after 500s after reaching cloud top




Four extreme cases are presented here (U,=1m/s)

2. Low aerosol high cloud top height : UCL clouds after Os after reaching cloud top (i.e. trade cumulus)
3. high aerosol low cloud top height : no UCL clouds after 6Ks after reaching cloud top (i.e. stratocumulus)




Four extreme cases are presented here (U,=1m/s)

2. Low aerosol high cloud top height : UCL clouds after Os after reaching cloud top (i.e. trade cumulus)
3. high aerosol low cloud top height : no UCL clouds after 6Ks after reaching cloud top (i.e. stratocumulus)

Summary (observation/parcel model)
* UCLs coverage 0.4-0.6 between 135W and 155W (trade cumulus regime favors UCLs)
UCLs occur very infrequently east of 130W (stratocumulus regime not favors UCLs)

e UCLs are commonly found at height of 1.5-2 km (UCL clouds can easily form at outspread
layers at top of cumulus dominated by collection coalescence process)

* UCL clouds are quiescent (non-turbulent) (Outspread Iayers are supposed to be quiescent)

0.2

~0.15

0.1

height [km]
u]mm(mﬂf

=

0.05

fractional UCL coverage

ber of
ontributin gflght

00! ;
-155 -150 -145 -140 135 -130 -125
longitude [degrees] freque cy

0
155 150 145 140 135 130
lon




Four extreme cases are presented here (U,=1m/s)

2. Low aerosol high cloud top height : UCL clouds after Os after reaching cloud top (i.e. trade cumulus)
3. high aerosol low cloud top height : no UCL clouds after 6Ks after reaching cloud top (i.e. stratocumulus)

HCR BSCAN - DBZ(dBZ)

2015/01 5.40:00 HCR BSCAN - DBZ (dBZ)

Future works (what does not consider so far?)
* Entrainment/lateral mixing....
* Distance between cumulus/convective cell.... =» LES model next step




