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Trade-wind cumulus in Global Climate Models .H:“
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(Nam, C. et alGGeophysResLett. 2012 )
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(Nam, C. et aIGeophysResLett 2012)

Poorly represented due to:
« Subgrid size
« Structural variability

«  Boundarylayerinteractions "
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Sensitivity Studies
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Sensitivity Studies
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Droplet Number Concentration N (cm™)

How toseparate the radiative effect from
varying environmental conditions?

Cloud topalbedo/
Cloud topreflectivity
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CDNC retrievals

Tandr Cloud topT
from bispectral retrieval and
(Nakajima and King, 1990 p

| |
y
Assumptions:

1) Adiabatic cloud profile
i) Vertically constant CDNC

Ng=A\/fad* Vad - \/\/7";
eff
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CDNC retrievals

Tandr Cloud topT
from bispectral retrieval and
(Nakajima and King, 1990 p
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Assumptions:

1) Adiabatic cloud profile
i) Vertically constant CDNC

Ng=A\/fad* Vad - \/\/7";
eff

Shortcomings:
» Large scale averaging (T and LWP)
« Subpixel heterogeneity

* Precipitation ?
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CDNC retrievals

Eommonsa!enlfe Tandrg Cloud topT

from bispectral retrieval and
(Nakajima and King, 1990 p
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Assumptions:
1) Adiabatic cloud profile
i) Vertically constant CDNC Lp

Ng=A\/fad* Vad - \/\/7";
eff

Shortcomings: LWC
» Large scale averaging (T and LWP) »

« Subpixel heterogeneity
* Precipitation ?
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Combined airborne passive and active remote sensing
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NAR\/AL

next-generation aircraft
remote-sensing for
validation studies

Campaign

 Platform:
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HighAltitude andLong Range
Researchircraft (HALO)

« Time 08. August-31. August 2016
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Flight tracks of HALO during NARWMA

« Tradewind cumulus in the ITC region
* Radiative effects

e Structure

« Evolution
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Instrumentation of HALO

« Differential Absorption
and High Spectral
Resolution Lidar

* Cloud topheight
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Instrumentation of HALO

1
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HAMP

* Microwaveradiometer
e Cloudradar

« Differential Absorption
and High Spectral
Resolution Lidar

« Cloud topheight  Liquidwater path
* Radarreflectivity

e Temperature+
humidity profiles
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Instrumentation of HALO

HAMP
« Differential Absorption * Microwaveradiometer
and High Spectral » Cloudradar
Resolution Lidar

« Cloud topheight  Liquidwater path
* Radarreflectivity

e Temperature+
humidity profiles
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Synergistic retrieval approach

\
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dius

4

Ng=A-\/fad* Yad - \/\/jT
eff
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Synergistic retrieval approach :

" HAMP (MethodB)

LiquidWater Path
ilt:;i(\i/i?) EffectiveRadius WALES (Method C)
Bedius ’ Cloudbaseheight Cloud topheight

pm
Nd:A'\/fad'fYad' \/7:5 N
V "eff
dz
B 2-LWP
f)/rﬂeas - (dZ)Q v
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Synergistic retrieval approach

" HAMP (MethodB)

LiquidWater Path
;It:;ic\i/i.:\) EffectiveRadius WALES (Method C)
Bedius ’ Cloudbaseheight Cloud topheight
Radarreflectivity

\ Precipitationflag J

Nd:A'\/fad'fYad'i/TTT
eff

2. LWP
f)/H]e&S _ (dz)Q

:\d =B- v/ Jmeas ° 3
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Synthetic measurements

Cloud 1 Cloud II Cloud II1

adiabatic  sub-adiabatic  adiabatic
Ncioua [em™?] 50 50 100
LW Pejoua [gm™?] 362.5 2175 362.5
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Synthetic measurements
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Synthetic measurements IIL
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Cloud 1 Cloud II Cloud II1 Cloud IV Cloud V Cloud VI
adiabatic  sub-adiabatic  adiabatic ~ sub-adiabatic  adiabatic  sub-adiabatic
Ncioua [em™?] 50 50 100 100 200 200
LW Pejoua [gm™?] 362.5 2175 362.5 217.5 362.5 217.5
Nagip [em™?] 53 69 106 137 215 274
Ng.aip [em ™3] 52 68 105 134 211 268
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Synthetic measurements

Cloud 1 Cloud II Cloud II1 Cloud IV
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uncorrectedadiabaticity
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Synthetic measurements i
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Cloud 1 Cloud II Cloud II1 Cloud IV Cloud V Cloud VI
adiabatic  sub-adiabatic  adiabatic ~ sub-adiabatic  adiabatic  sub-adiabatic
Ncioua [em™?] 50 50 100 100 200 200
LW Pejoua [gm™?] 362.5 2175 362.5 217.5 362.5 217.5
Nagip [em™?] 53 69 106 137 215 274
Ng.aip [em ™3] 52 68 105 134 211 268
Ne b [em™?] 52 53 105 104 211 208
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AMS, Vancouver, 12th July 2018, kevin.wolf@uni-leipzig.de 07



Measurement Example

Date: 19.08.2016
Time: 12:29-20:52 UTC
Duration: 8h 23 min
Weather situation:
* moderateconvection
 largerfieldsof
shallowtrade-wind
cumulus
« zonalywinds

Meteosatsatelliteimageof 19:30 UTC
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Correlation Reflectivity - CDNC 'L
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- Simulated Cloud top reflectivity

- a) WP, = 25 g m™® 2.5 um ; 1Ol )y WP, = 75 g m* 2.5 um
I 7.9 pm ] i 7.5
32nm : -0 UM 1
* 0.8} > 12.5 um 1 = ggf 232nm 12.5 pm §
2 1 2 -
-% | 22.5 um ] 2 i 22.5 um ]
&)
o 0.6 27.5 pm 7 @ 0.6 27.5 um 7]
© I 1 % [ ]
o i (2
E‘ 0.4 - E‘ 0.4
O O
3 3
o 0.2 o 0.2
000 . 0 o ey 0.0 R N T T S
0 20 40 60 80 100 0 20 40 60 80 100
Droplet Number Concentration Ng (cm™) Droplet Number Concentration Ng (cm™)

correctedadiabaticity

AMS, Vancouver, 12th July 2018, kevin.wolf@uni-leipzig.de 09



il v
[T 100001
i 00083

- Simulated Cloud top reflectivity

Correlation Reflectivity - CDNC
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- Simulated Cloud top reflectivity

- a) WP, = 25 g m™® 2.5 um 1Ol )y WP, = 75 g m* 2.5 um
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How toseparate the radiative effect from varying environmental conditions?
* Reflectance measurements
* Independent Cloud Droplet Number Concentration
» Separated for Liquid water path and droplet size
» Correct adiabatic assumption (cadcliabaticity
* Precipitation flag
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