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Satellite	
  retrievals	
  valida0on	
  

•  Valida8on	
  of	
  satellite	
  retrievals	
  hampered	
  by	
  the	
  lack	
  of	
  
reliable	
  in-­‐situ	
  data.	
  

•  AircraL	
  data:	
  detailed	
  microphysical	
  observa8ons,	
  but	
  
limited	
  sampling.	
  

•  Ground-­‐based:	
  Adequate	
  temporal	
  sampling	
  but	
  very	
  
limited	
  spa8al	
  sampling.	
  Retrieving	
  cloud	
  proper8es	
  can	
  
be	
  challenging.	
  

•  Ship-­‐based	
  data:	
  Adequate	
  temporal	
  sampling	
  and	
  bePer	
  
spa8al	
  coverage.	
  



•  ARM	
  Mobile	
  Facility	
  (AMF2):	
  radars,	
  lidars,	
  microwave	
  
and	
  visible	
  radiometers,	
  sondes,	
  and	
  aerosol	
  probes.	
  

•  Nine	
  months	
  of	
  measurements	
  
–  Opera8onal:	
  Oct-­‐Jan	
  2012-­‐2013,	
  May-­‐Sept	
  2013.	
  
–  L.A.-­‐Honolulu:	
  More	
  than	
  30	
  transects.	
  	
  
–  ~6	
  days/leg	
  

and clouds are nonexistent. The Department of
Energy Atmospheric Radiation Measurement
(ARM) Program deployment of the ARM Mobile
Facility (AMF) at Point Reyes, California, U.S.
(N 38°, 5.46°W, 122°, 57.43°) during March–
September 2005 represents one of the longest
aerosol/cloud records in the region [McComiskey
et al., 2009]. Nevertheless, local continental
effects call into question the site’s qualifications
for representing the atmospheric conditions over
the open ocean.

The deployment of the second AMF on the
container ship, Horizon Spirit, for the Marine ARM
GPCI (Global Energy and Water Cycle Experiment
(GEWEX)-Cloud System Study (GCSS)-Pacific

Cross-section Intercomparison) Investigation of Clouds (MAGIC) campaign presents a unique opportunity
to investigate the aerosol variability and the large-scale context that modulates both clouds and aerosols.
MAGIC consisted of approximately 40 transects, or legs, between the port of Los Angeles, California
(LA, 33.7°N, 118.2°), and Honolulu, Hawaii (21.3°N, 157.8°W), with each one-way transect lasting
approximately 6 to 7 days. A sampling period of 9months during 2012 and 2013 along an ~4000 km
transect makes MAGIC the most spatially and temporally extensive campaign to date over the NE Pacific.
Figure 1 depicts the ship track and the annual mean Terra satellite Moderate Resolution Imaging
Spectroradiometer (MODIS) cloud fraction during 2012–2013 from the Clouds and the Earth’s Radiant
Energy System (CERES) Edition 2 analysis. The campaign sampled the stratocumulus cloud deck and the
stratocumulus to cumulus transition, with a 5°–10° northward shift relative to the core of the
stratocumulus cloud and the transect studied by Teixeira et al. [2011].

The scientific questions motivating this study are the following:

1. How well do satellite-derived cloud droplet number concentrations reproduce the aerosol variability
along the MAGIC transect?

2. What is the role of the regional circulation in explaining changes of aerosols and cloud microphysics over
the NE Pacific?

3. What is the magnitude of the interactions between aerosols and clouds?

Here we combine shipborne cloud condensation nuclei (CCN) and boundary layer measurements, along with
meteorological reanalyses and cloud microphysical fields from two satellite instruments, to address the
scientific questions listed above. We note here that given the macroscale approach of this study, a
comprehensive description of the aerosol composition is beyond the scope of this analysis. However, our
study, especially our emphasis on the regional circulation, can be a useful reference for research that
explores more deeply the aerosol sources, fate, and composition.

2. Data Set

The primary data set in our study is derived from the CCN particle counter. With 1Hz nominal sampling, the
instrument is adjusted every 10min (4min during October–November 2012) to measure particles for
supersaturations at 0, 0.1, 0.2, 0.3, 0.4, and 0.6%. A condensation particle counter (CPC) that measured all
the condensation nuclei (CN) with particle sizes between 10 and 3000 nm at 1 Hz complemented the CCN
measurements. As the focus is on the day-to-day and seasonal variability, aerosol observations were hourly
averaged. In the case of the CCN particle counter, hourly averages are in fact 10min averages per hour at a
constant supersaturation. Although aerosol observations follow smooth transitions during most of the
legs, a few events captured by the CPC had drastic concentration increases of more than 1000
particles/cm3, magnitudes unrepresentative of the background atmospheric aerosols. An explanation for
these spikes is lacking although observations by an ultrahigh sensitive aerosol spectrometer connects
these anomalous concentrations with the presence of aerosol particles smaller than 50 nm, suggesting the
presence of rather freshly emitted aerosols [Senum, 2014]. Emissions from Horizon Spirit are not likely

Figure 1. CERES-MODIS mean cloud fraction at around 10:30
local time during 2012–2013, andMAGIC ship transects (black).
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Dataset	
  
•  MAGIC	
  data:	
  	
  
–  Clouds	
  microphysics	
  from	
  a	
  Cimel	
  sun-­‐photometer	
  (Chiu	
  et	
  
al.	
  2012	
  ACP):	
  cloud	
  op8cal	
  depth	
  (τ)	
  and	
  effec8ve	
  radius	
  (re)	
  

–  Three-­‐channel	
  microwave	
  liquid	
  water	
  path	
  (Cadeddu	
  et	
  al.,	
  
2013,	
  AMT)	
  

–  Cloud	
  radar	
  and	
  radiosondes:	
  cloud	
  height	
  and	
  temperature	
  
•  Satellites:	
  	
  
–  Edi0on	
  4	
  MODIS	
  retrievals	
  (Terra	
  and	
  Aqua),	
  1km	
  pixel	
  
resolu8on.	
  	
  

–  Day8me	
  GOES-­‐15:	
  4km	
  pixel	
  resolu8on	
  (nadir-­‐view)	
  every	
  30	
  
min	
  with	
  SZA<60˚.	
  

– MODIS/GOES	
  liquid	
  water	
  path	
  (LWP):	
  adiaba8c-­‐like	
  
assump8on:	
  LWP=5/9!ρw!re!τ

–  	
  Satellite	
  microwave	
  liquid	
  water	
  path	
  from	
  AMSR2	
  (0.25˚x	
  
0.25˚)	
  



Satellite	
  vs	
  Satellite:	
  AMSR2-­‐MODIS	
  

•  ALernoon	
  pass	
  ~	
  1:30	
  pm,	
  overcast	
  scenes	
  
•  AMSR2,	
  Wentz	
  algorithm	
  at	
  0.25˚x	
  0.25˚	
  
•  LWP	
  es8mates	
  based	
  on	
  3.7	
  µm	
  and	
  2.1	
  µm	
  effec8ve	
  radius	
  

•  MODIS2.1µm-­‐AMSR2:	
  r=0.89,	
  bias=5.5	
  g/m2	
  (9.3%)	
  
•  MODIS3.7µm-­‐AMSR2:	
  r=0.85,	
  bias=0.81	
  g/m2	
  (1.3	
  %),	
  nearly	
  unbiased!!	
  



Ship-­‐based	
  data:	
  Cloud	
  microphysics	
  and	
  liquid	
  
water	
  path	
  

•  LWP:Ship-­‐based	
  3-­‐channel	
  µwave	
  radiometer	
  
•  Cloud	
  op8cal	
  depth	
  (τ):	
  sun-­‐photometer	
  (Chiu	
  et	
  al.,	
  2012)	
  

•  Cloud	
  effec8ve	
  radius?	
  Comparison	
  is	
  uncertain,	
  ground-­‐based	
  re	
  is	
  
less	
  robust	
  than	
  τ.	
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Cloud	
  temperature	
  and	
  height	
  

•  MODIS	
  cloud	
  temperature	
  vs	
  inversion	
  temperature	
  (radiosonde)	
  
•  MODIS	
  cloud	
  height:	
  linear	
  fit	
  from	
  Painemal	
  et	
  al.	
  2013,	
  that	
  

relates	
  Ttop	
  –	
  SST	
  to	
  cloud	
  height.	
  	
  
•  Ship-­‐based	
  cloud	
  top	
  height	
  from	
  a	
  k-­‐band	
  radar	
  (three	
  months)	
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Applica0ons:	
  Boundary	
  layer	
  evolu0on	
  

•  Adiaba8c	
  approxima8on	
  for	
  compu8ng	
  cloud	
  base	
  height	
  
•  Boundary	
  layer	
  degree	
  of	
  turbulent	
  mixing:	
  Difference	
  between	
  

cloud	
  base	
  height	
  (CBH)	
  and	
  liLing	
  condensa8on	
  level	
  (LCL).	
  

CBH−LCL
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magnitude requires the extent of a stand-alone paper, here we want to draw attention to the
representativeness of surface observations to those found at the cloud base. A simple way to approach
this issue is by determining whether the cloud and subcloud layers are coupled in a turbulent sense,
which should also indicate how well the aerosols are mixed within the boundary layer. We use a standard
coupling metric defined as the difference between the cloud base height (Hbase) from the ceilometer and
the lifting condensation level (LCL). Small Hbase-LCL differences are an indication of coupled boundary layer
and vice versa. We stratify the samples into Hbase-LCL differences greater and less than 800m (more and less
coupled conditions, respectively) and investigate the CCN-Nd relationship. A value at 800m allows the
separation into groups with similar number of samples. The less coupled samples in Figure 17b (Hbase-
LCL> 800m, red circles) feature a similar CCN-Nd relationship to that observed for the westward samples in
Figure 17a, with a clear separation between less and more coupled samples (Hbase-LCL< 800m in blue).
More specifically, the less-coupled samples have a correlation coefficient of 0.36 and ACI= 0.39, whereas
their more coupled counterpart has a correlation of 0.74 and ACI= 0.93. These findings indicate then that the
reduction in ACI along the MAGIC transect is likely the consequence of surface observations that are
unrepresentative of aerosol concentrations near the cloud base, where one should expect the aerosol
activation. The zonal gradient in the decoupling index, suggested in climate models and satellites [e.g.,
Cheng and Xu, 2013], also explains why ACI and the CCN-Nd correlations decrease west of 145°W. The
specific zonal variation during MAGIC is reported in Figure 17c, in which Hbase-LCL differences are greatest at
155°W (850m), while highly coupled conditions occur near the coast of California (<300m).

4. Discussion
4.1. Control of the Regional Circulation

The postulated control of the zonal winds over the aerosol transport is supported by satellite, reanalysis, back
trajectories, and MAGIC CCN observations. During episodes of strong westerlies, the westward transport of
continental aerosols is precluded, whereas the weak coastal low-level jet limits the southward aerosol
transport. These changes appear to be regulated by the anticyclone synoptic variability. On the other hand,
high aerosol concentrations during periods of weak westerlies can develop due to the seaward land-sea

Figure 17. Scatterplot of matched CCN0.6 and GOES Nd. (a) Samples are stratified for westward (west of 145°W, red) and
eastward (east of 130°W, blue) observations and (b) according to their Hbase-LCL into more coupled (<800m, blue) and less
coupled conditions (>800m, red). (c and d) Mean (black), median (red), and standard deviation (error bars) for all MAGIC
cruises combined: Hbase-LCL differences (Figure 17c) and LWP (Figure 17d) from the two-channel microwave radiometer for
cloudy scenes.
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MODIS	
  and	
  Reanalysis	
  

In-­‐situ,	
  transect	
  between	
  
L.A.	
  and	
  Hawaii	
  



Regional	
  paSerns	
  of	
  aerosol	
  transport	
  

•  Periods	
  with	
  high	
  CCN	
  
consistent	
  with	
  back-­‐
trajectories	
  originated	
  near	
  
the	
  coast	
  

•  Aerosol	
  changes	
  during	
  MAGIC	
  
associated	
  with	
  synop8c	
  
changes	
  in	
  circula8on	
  

Painemal	
  et	
  al.	
  (JGR,	
  2015)	
  

Satellite-­‐based	
  cloud	
  number	
  of	
  droplets	
  (Nd),	
  Nd=K!re-­‐5/2!τ-1/2
	
  

MAGIC	
  cloud	
  condensa0on	
  
nuclei	
  CCN	
  observa0ons	
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Aerosol	
  indirect	
  effect	
  

•  Quan8fica8on	
  of	
  the	
  rela8onship	
  between	
  aerosol	
  and	
  cloud	
  microphysics	
  
•  Cloud	
  droplet	
  number	
  concentra8on	
  Nd=K!re-­‐5/2!τ-1/2

•  Co-­‐variability	
  between	
  aerosol	
  (cloud	
  condensa8on	
  nuclei)	
  
and	
  Nd	
  (Painemal	
  et	
  al.	
  2016,	
  in	
  prep.)	
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Par0ally	
  cloudy	
  scenes:	
  LWP	
  

•  Are	
  satellite	
  cloud	
  data	
  reliable	
  in	
  par8ally	
  cloudy	
  scenes	
  for	
  
climate	
  applica8ons?	
  

• 	
  	
  MODIS	
  LWP=LWPcloudy!CFM	
  
• Data	
  binned	
  as	
  a	
  func8on	
  of	
  satellite	
  
cloud	
  frequency	
  (CF)	
  and	
  MODIS	
  cloud	
  
frac8on	
  (CFM)	
  

• 	
  AMSR-­‐2	
  and	
  MODIS(2.1µm)	
  
overes8mate	
  the	
  ship-­‐based	
  data	
  

• 	
  MODIS(3.7µm)	
  is	
  nearly	
  unbiased	
  !!!	
  
Painemal	
  et	
  al	
  2016	
  (GRL,	
  under	
  review)	
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Future	
  satellite-­‐aircra\	
  intercomparisons	
  

•  CSET:	
  Northeast	
  Pacific	
  

•  ORACLES	
  and	
  LASIC:	
  Northeast	
  Atlan8c	
  



Concluding	
  remarks	
  

•  MODIS	
  LWP	
  and	
  ship-­‐based	
  retrievals	
  are	
  highly	
  correlated.	
  
–  For	
  broken	
  scenes,	
  MODIS	
  LWPxCF	
  reproduces	
  the	
  LWP	
  dependence	
  

on	
  cloud	
  cover	
  
•  	
  MODIS	
  τ	
  correlates	
  well	
  with	
  sun-­‐photometer	
  τ.	
  	
  
•  Lapse	
  rate	
  technique	
  is	
  adequate	
  for	
  deriving	
  cloud	
  height	
  using	
  

cloud	
  temperature	
  and	
  SST	
  

•  Current	
  research	
  ac8vi8es:	
  	
  
–  Marine	
  boundary	
  layer	
  evolu8on:	
  boundary	
  layer	
  coupling,	
  cloud	
  top	
  

longwave	
  cooling,	
  and	
  entrainment.	
  
–  	
  Evalua8on	
  of	
  satellite	
  microwave	
  retrievals	
  in	
  broken	
  scenes.	
  
–  Quan8fica8on	
  of	
  the	
  aerosol	
  indirect	
  effect:	
  

•  Co-­‐variability	
  between	
  cloud	
  and	
  aerosol	
  proper8es.	
  
•  Albedo	
  perturba8ons	
  associated	
  with	
  changes	
  in	
  cloud	
  microphysics.	
  

•  Acknowledgements:	
  ARM-­‐DOE	
  grant	
  DE-­‐FOA-­‐0000885,	
  CERES	
  program	
  	
  



Par0ally	
  cloudy	
  scenes	
  II:	
  Cloud	
  effec0ve	
  radius	
  

•  CF:	
  Cloud	
  frac8on	
  
•  Hσ:	
  heterogeneity	
  factor,	
  σ0.64µm/
µ0.64µm	
  (Liang	
  et	
  al.,	
  2009,	
  JGR)	
  

•  re3.78	
  less	
  sensi8ve	
  to	
  CF	
  and	
  Hσ
•  Painemal	
  et	
  al.	
  (2013	
  ACP)	
  

10000 D. Painemal et al.: The impact of horizontal heterogeneities, cloud fraction, and liquid water path

Table 1. MODIS fractional changes relative to fractional changes
in H� , Eq. (2).

mLWP mr  + m⌧ mr  m⌧

 = 3.8 �0.29 �0.27 0.17 �0.44
 = 2.1 �0.13 �0.10 0.34
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Fig. 1. Average fields during the period of study: (a) re3.8 (color)
and 1re = re3.8� re2.1 (contours), (b) H� (colors) and cloud frac-
tions (contours). The continent is represented by the white region.

6 Revisiting the impact of H� on MODIS liquid
water path

Because the product of re and ⌧ can be used to estimate LWP,
we center our focus on LWP. Here, we express the MODIS
LWP by assuming a cloud having a vertical increase of water
content and re with height:

MODISLWP= 5
9
⇢w · re · ⌧, (1)

where ⇢w denotes the density of the liquid water. LWP in
Eq (1) is 5/6 the magnitude of that calculated for a vertically
homogeneous cloud, and it is adopted here because it yields
better agreement with microwave estimates and in situ obser-
vations (Seethala and Horvath, 2010; Painemal et al., 2012).
Given the westward gradients in 1re and H� observed

in Fig. 1, we analyze further the impact of using re3.8 and
re2.1 in the computation of MODIS LWP (Eq. 1), in the con-
text of spatial heterogeneities. Figure 4a and b show his-
tograms for the biases between AMSR-E and MODIS LWP,
for a 4� ⇥ 3� coastal (centered at 76.75�W, 23.75� S) and off-
shore (centered at 97.75�W, 23.75� S) region, respectively.
The blue histogram indicates LWP differences calculated us-
ing daily re3.8 (LWP3.8), whereas its red counterpart makes
use of re2.1 (LWP2.1). Coastal histograms (Fig. 4a) show a
narrow distribution, in part because LWP tends to be small
near the coast. In addition, the histograms do not suggest
meaningful differences between AMSR-E and MODIS re-
trievals, whether they are calculated with LWP3.8 or LWP2.1
(mean biases�7.5 and�5.6 gm�2). In contrast, offshore his-
tograms (Fig. 4b) are broader, with a shift toward larger pos-
itive bias for LWPAMSR-E–LWP3.8 relative to LWPAMSR-E–
LWP2.1. The mean AMSR-E/MODIS biases are 9.6 and
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Fig. 2. (a) Number of samples contained in each H� –CF bin (log-
arithmic scale), (b) mean re3.8 for each H� –CF bin, (c) same as
Fig. 1b but for re2.1. The bin sizes are 3% and 0.016 for CF and
H� , respectively.
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Fig. 3.Binned values for cloudy scenes (CF> 98%) as a function of
H� and AMSR-E LWP: (a) re3.8, (b) 1re = re3.8–re2.1, with zero
values denoted by the black contour, and (c) ⌧ . The bin sizes are
0.016 and 7.5 gm�2 for CF and H� , respectively. Bins constructed
with less than 30 samples were excluded.

1.4 gm�2 for LWP3.8 and LWP2.1, respectively. Interestingly,
the differences between Fig. 4a and b are accompanied by
contrasting changes in H� (Fig. 4c). Coastal and offshore re-
gions yield distinctive values ofH� , with a distribution mode
of 0.15 for coastal clouds (Fig. 4c, gray line), and 0.25 for
far offshore clouds (black line). The MODIS LWP and H�

relationship is further emphasized in Fig. 4d, where mean
H� values and the mean differences between LWP3.8 and
LWP2.1 are shown as a function of longitude. The LWP3.8–
LWP2.1 zonal gradients are concomitant with H� increases,
indicating a distinctive bias compensation between both re
values and ⌧ to changes in heterogeneities. We explore this
idea in more detail by taking averages of all the binned
MODIS variables over the study region (constructed from
LWPAMSR-E) as a function of H� bins. The results in Fig. 5a
reveal a close match between re2.1 and re3.8 for homogeneous
cases and a greater increase of re2.1 with H� (black and red
lines). The decreases in MODIS LWP with H� in Fig. 5b
are more dramatic for LWP3.8. Here, the AMSR-E LWP is
constant at 80 gm�2 by design.
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Table 1. MODIS fractional changes relative to fractional changes
in H� , Eq. (2).

mLWP mr  + m⌧ mr  m⌧

 = 3.8 �0.29 �0.27 0.17 �0.44
 = 2.1 �0.13 �0.10 0.34
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Fig. 1. Average fields during the period of study: (a) re3.8 (color)
and 1re = re3.8� re2.1 (contours), (b) H� (colors) and cloud frac-
tions (contours). The continent is represented by the white region.

6 Revisiting the impact of H� on MODIS liquid
water path

Because the product of re and ⌧ can be used to estimate LWP,
we center our focus on LWP. Here, we express the MODIS
LWP by assuming a cloud having a vertical increase of water
content and re with height:

MODISLWP= 5
9
⇢w · re · ⌧, (1)

where ⇢w denotes the density of the liquid water. LWP in
Eq (1) is 5/6 the magnitude of that calculated for a vertically
homogeneous cloud, and it is adopted here because it yields
better agreement with microwave estimates and in situ obser-
vations (Seethala and Horvath, 2010; Painemal et al., 2012).
Given the westward gradients in 1re and H� observed

in Fig. 1, we analyze further the impact of using re3.8 and
re2.1 in the computation of MODIS LWP (Eq. 1), in the con-
text of spatial heterogeneities. Figure 4a and b show his-
tograms for the biases between AMSR-E and MODIS LWP,
for a 4� ⇥ 3� coastal (centered at 76.75�W, 23.75� S) and off-
shore (centered at 97.75�W, 23.75� S) region, respectively.
The blue histogram indicates LWP differences calculated us-
ing daily re3.8 (LWP3.8), whereas its red counterpart makes
use of re2.1 (LWP2.1). Coastal histograms (Fig. 4a) show a
narrow distribution, in part because LWP tends to be small
near the coast. In addition, the histograms do not suggest
meaningful differences between AMSR-E and MODIS re-
trievals, whether they are calculated with LWP3.8 or LWP2.1
(mean biases�7.5 and�5.6 gm�2). In contrast, offshore his-
tograms (Fig. 4b) are broader, with a shift toward larger pos-
itive bias for LWPAMSR-E–LWP3.8 relative to LWPAMSR-E–
LWP2.1. The mean AMSR-E/MODIS biases are 9.6 and
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Fig. 2. (a) Number of samples contained in each H� –CF bin (log-
arithmic scale), (b) mean re3.8 for each H� –CF bin, (c) same as
Fig. 1b but for re2.1. The bin sizes are 3% and 0.016 for CF and
H� , respectively.

! 18!

 484!
 485!
 486!
 487!
 488!

re3.8 [µm]

H
m

LW
P 

[g
m
−2

]

 

 

(a)
0.1 0.2 0.3

20
35
50
65
80
95

110
125
140

8 10 12 14 16 18
re3.8 − re2.1 [µm]

H
m

 

 

(b)
0.1 0.2 0.3

−3 −2 −1 0 1
o

H
m

 

 

(c)
0.1 0.2 0.3

5 10 15 20

 489!
Fig. 3: Binned values for cloudy scenes (CF > 98%) as a function of Hσ and AMSR-E 490!

LWP: a) re3.8, b) Δre=re3.8-re2.1, with zero values denoted by the black contour, and c) τ. 491!

The bin sizes are 0.016 and 7.5 gm-2 for CF and Hσ, respectively. Bins constructed with 492!
less than 30 samples were excluded. 493!
 494!
 495!
 496!
 497!
 498!
 499!

 500!
 501!
 502!
 503!

Fig. 3.Binned values for cloudy scenes (CF> 98%) as a function of
H� and AMSR-E LWP: (a) re3.8, (b) 1re = re3.8–re2.1, with zero
values denoted by the black contour, and (c) ⌧ . The bin sizes are
0.016 and 7.5 gm�2 for CF and H� , respectively. Bins constructed
with less than 30 samples were excluded.

1.4 gm�2 for LWP3.8 and LWP2.1, respectively. Interestingly,
the differences between Fig. 4a and b are accompanied by
contrasting changes in H� (Fig. 4c). Coastal and offshore re-
gions yield distinctive values ofH� , with a distribution mode
of 0.15 for coastal clouds (Fig. 4c, gray line), and 0.25 for
far offshore clouds (black line). The MODIS LWP and H�

relationship is further emphasized in Fig. 4d, where mean
H� values and the mean differences between LWP3.8 and
LWP2.1 are shown as a function of longitude. The LWP3.8–
LWP2.1 zonal gradients are concomitant with H� increases,
indicating a distinctive bias compensation between both re
values and ⌧ to changes in heterogeneities. We explore this
idea in more detail by taking averages of all the binned
MODIS variables over the study region (constructed from
LWPAMSR-E) as a function of H� bins. The results in Fig. 5a
reveal a close match between re2.1 and re3.8 for homogeneous
cases and a greater increase of re2.1 with H� (black and red
lines). The decreases in MODIS LWP with H� in Fig. 5b
are more dramatic for LWP3.8. Here, the AMSR-E LWP is
constant at 80 gm�2 by design.
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