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20° S surface heat fluxes
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Radiosonde profiles along 20°S

potential temperature (K) specific humidity (g kg‘1)
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PBL height tilted west in 2001, 2005, 2006, 2007, 2008 (leg 2);
no tilt in 2003, 2004, 2008 (leg 1).

C-130 85° W sections provide snapshots.



ceilometer cloud base (km)

Decoupling observed from the ship

Stratus 2007 VOCALS 2008

1.6 . 1.6 i :
1.4} 11.4f |
1.2} 11.2f |

1r 1+
0.8} losl
0.6} 10.6f
0.4} £ 10.41
0.2} [] s0x50 m? 102} [ ] 50x50 m?

0 . : L 0 1 1 I

0 0.5 1 1.5 0 0.5 1 1.5

surface LCL (km)

surface LCL (km)

= owest cloud base is 10% higher than lifting condensation level (LCL).
»Cloud base above 900 m decouples from surface layer.

»"VVOCALS cloud bases are higher and show more continuous spectrum of decoupling.
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W-band Doppler cloud radar

3.17 mm wavelength, 94.56 GHz
3.5 Hz sampling

Vertically staring
02 deck of the Ronald H. Brown



W-band mean reflect|V|ty (dBZ)
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o Select maximum W-band reflectivity near cloud top.

W-band cloud top maximum reflectivity
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¢ Also maximum liquid water mixing ratio Q
* Not sensitive to large precipitating drops



Cloud diurnal cycle

e Ship samples round-the-clock.

 Diurnal composites:
— reflectivity
— liquid water path
— cloud geometry

 Hourly median



W-band cloud top max dBZ diurnal cycle
15 T T T

Diurnal cycle o

-
o
T

°
°

o
o
N 5+ o ° ° 00|
m o
~— o o
= 2
© —
= O . [ 0
= ° o 0870 o
L] n o— ) .o © ] o
i ° o ° © o - o
Q 0© o c ° o
o o o o
[0} ° o o o o .
o] - PR
H— -5 %0 o © o o o @ 3
(O] © @ o o0 %%
Pt o © o B ¢
o o o o
> §
E © ] . 2.
. @
> -10 o o ]
E oo R © @ &7
°o © o @
= o - o
o o © L _L00
o o X o “ op©
o ¢ R 070004 o
2o 00% © o 0.0%0 o @ o -
- s> o 20,500 X, < q 0o °
& %9 08% 27 ©°° o PG g P0%WY g0 0
a 55 Fq s : P
S 9,8% _o % W o0 g & P
° o S 3 2
o o B o o 2
+— %S, <o g & SHo o, o° o
o 0 °o 5 o Do o
O a (:{%‘%‘ 00 %% oo
> % o 0%® O
8 @E’F%@g’o ; S el GO
O g

CpogP

£o 503)@:;869 7
w;‘ 400 .
S
<
. . 8 300
Liquid water path :
3
O
S 200

physical retrieval
(Zuidema, GRL 2005) 100

0 6 12 18 24

sunrise sunset
local hour



cloud hei
2000 +—————rr——

ht diurnal cycle

1 l 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1

g

R O ®@o
1800 —Q’oo‘§p Q&gofo% 000%0@28%@%&33%@0%0@00008?0@0 00000 -
gwo@ g(;oo% e ° o o> w00 o B
%%‘;x?g)oo - o o & O+ gyt + 0 4ty e % o 4 3088’% R0
+ &
1600 s S8R asn nsege oun Ll o 52%% w90 S8
]

1400

1200

1000

gy o
o

+
4+ R
+ Fq A

cloud top, base, and thickness (m

+ + o+ gt
+«}¢ i +++H¢ e+ o
# ”+1H4i+-+;t++"l-+ +
800 + * P &
+ 4 H gy +
++ 4+ ¢
+ RS
.
+ +
Lol ]
.
— o] * A
600 C s
3
\ 0." Beer T 0 “’0 + * . ¢ ., Y
* . e e . + .
PSP AR ”',oo"‘ + . oot 00‘0.. PR
? .‘ RPN +e LR “Oo * & . .0 . +* RS . 00.,0‘ "0. * o b 4 ’
+ 4 [ 3. ‘. .t . . + *g ¢t + . o .,‘zt"o ‘
400 = f" SR AT S Y AL L SN . PRI S S 2 RS ?;?':
o pe * + + ote * et * +~ N8 * +
+ + ¢ * - * 23 +
24 0»’#‘%‘:&% + ’, + + . . . M 0:3 *s 00}{:‘0“ LT Rood ," y
> e Y S PA
S da CL 2 d oote s o * e R R $ “:o,\ YNGR Yl
p RS RPN, W, 2AC O 0’:\5 . >, " . * e ate e s 3 3 v oo
PRI S X & - X AIE I . REA AR (% BRX ’.‘v ‘*\‘0 0.}‘
200 S AL SR T e s o 0 SRR PRI e O
> +os % +
s ,%w:..,“a R R R I L RIS A Rt 2 S TR AR 26
030"‘ ‘gié » “0 '3:; ,‘0‘ se* "’0‘“ oto.*o:‘&’o: ::03 }i o 0..:33000’
PROA ROV 2 . b de. 2%, . < W, P LR P\ o
S e 3.53 RS L SR ~ AREAR 00‘3”,0‘J‘0. 0’:’00’0‘0’03‘30 PR . ’{ ’} L N
e, ”‘0 hadt | ¥.7 Q:‘. e AP * % + ~» - PSR
* Y * 0: %"Q ** 0 0.‘0:“. :‘..00 . * - ’. .
0 T T T T T T T T T I T T T T T T T T T I T T Y T T T T T T I T T T T T T T T ’l

18

local hour sunset

sunrise

top

base

- thickness



cloud microphysics retrieval
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cloud top reflectivity vs. mixing ratio
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Suggestions

e Cloud macrophysical relations of LWP,
maximum reflectivity, cloud thickness.

* Retrieve microphysical information, e.g.
cloud droplet number concentration?
Ny=LWP? h? (mp, /12)? Ztop'1 (P30t Tgopr)



More Suggestions

* Diurnal cycle is more consistent for cloud
geometry than cloud composition or
precipitation.

— Other factors affect rain besides radiation and
subsidence.

— sampling infrequent non-normal rain
distribution.

 Are CCN variations more effective during
daylight when clouds are thinner?

— thin clouds sensitive but thick nocturnal clouds
swamp CCN effect.






cloud top maximum reflectivity (dBZ)
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liquid water path diurnal cycle
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Microphysical retrieval
(71 /12)? (Pail T gorp)® Ny max (Z) h* = LWP?

FaeiilTeepe Tatlio of 3 to 6 moment of N(r) at cloud top
max(Z) reflectivity at cloud top

h cloud thickness

Ny cloud drop number

LWP liquid water path



Cloud-top max. reflectivity vs. LWP
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cloud top maximum reflectivity vs cloud thickness
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