Southeastern Pacific Stratocumulus: On the Validation of Satellite Retrievals

1. Introduction

Since satellite cloud observations have become available, better understanding of the role of clouds in
climate has been achieved. Satellite retrievals are particularly valuable over regions absent of systematic
in-situ measurements. Several studies over the SouthEast Pacific Stratocumulus (5c) region (e.g., Wood
and Hartmann 2004, Huneeus et al.2006) have shown the usefulness of the Moderate Resolution Imaging
Spectroradiometer (MODIS) satellite observations, using liquid water path (LWP), cloud effective radius
(CER) and cloud top temperature (CTT) to characterize the evolution of Sc. Other work on boundary-layer
clouds (e.g., Bennartz, 2007; Boers et al., 2006; Brenguier et al. 2003) is extending the use of these satellite
observations towards the monitoring of aerosol indirect effects upon clouds, by deriving cloud droplet
number concentrations (CDNC) from the available retrievals.

Since 2001 almost-annual buoy-tending cruises to 20S, 85 W have provided valuable meteorological
information of the region.They also provide the opportunity to assess how well MODIS retrievals can be
applied and extended for this climatically-important region. The present work intends to present an ob-
jective comparison between satellite and shipboard observations for the cruises of CTT, cloud depth, and
a preliminary CDNC/aerosol concentration assessment.

2.Dataset

- Shipboard measurements:

+ Sondes observations: 2001 (October), 2003 (November), 2004 (December), 2005 (October) and
2006 (October) cruises over the Southeastern Pacific region (figure 1).

+ Hourly observations: Ceilometer data, typical meteorological observations at surface, sea surface
temperature (SST).

During each cruise, the ship spent about 5 days on the WHOI buoy position (20°S 85°W).

- Satellite observations:

+ MODIS (collection 5) atmosphere level 2 joint product stored at 5 km and 10 km (at nadir) of spatial
resolution. To study monthly mean tendencies, we used global MODIS level 3 (collection 4) with a spatial
resolution of 1 degree.

+ TRMM Microwave Imager (TMI) 3-days mean maps, with 0.25 degrees of spatial resolution.
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Figure 1: TMI-SST during 4 cruises. black lines indicate
the ship track.
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3.Temperature validation

The comparison between daily TMI-SST and hourly shipboard SST along the track correlate well, with
in situ values exceeding TMI values by a mean of 0.3K.The difference can be explained by the shipboard
measurements occurring approximately 5 cm below the surface, rather than a satellite bias.
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Figure 2: Comparison between: a) In situSST vs TMI SST, b) Inversion base Temperature vs MODIS CTT.
Black triangles indicate measurements with cloud fraction (CF) higher than 0.9.

The sonde-derived inversion base temperatures and MODIS CTT are well correlated (r = 0.7) where MODIS
CTT underestimates the sonde temperature about 1.2 "C.The reason for this is not currently understood.
Addtionally, for MODIS cloud fraction (CF) lower than 0.9 there is an apparent overestimation of the CTT.

4. Cloud Top Height

We assessed the relationship between inversion height and the temperature difference between in-
version height and sea surface (figure 3).

The good linear correlation between temperature
difference and inversion height (close to 0.82) let us to
adjust a linear fit given by:

20

-
o
T

-
i
T

14 L SST — T;'nversion = 00076 . Zinversion + 082 (1)
"l r = 2 = Do _0.0076 +0.82+ 2" wersn
" < inversion

Wood and Bretherton (2004) parameterized the
lapse rate using an exponential function of the cloud
base height (figure 3, blue line). Our linear adjustment
seems accurate and simple (figure 3 red line). This
result will be used later to get the cloud top height
using satellite temperature difference.
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Figure 3: Comparison between inversion base height and the temperature difference between the inversion and the sea

surface.The red line is the linear fit and the blue line is the exponential adjustment given by Wood and Bretherton (2004).

4.1. Applications using MODIS/TMI:

We applied the eqg. (1) to obtain the CTH. We used
MODIS CTT+1.2°Cand TMI SST+0.3°C. The comparison be-
tween satellite CTH and inversion base height (figure 4)
shows a good correlation ( r = 0.73) when the cases with
CF<0.9 are discarded.

Figure 4: Scatter plot between cloud top height derived using MODIS dataset and the inversion base height: Red circles
corresponds to cases with CF higher than 0.9.
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Figure 5: Potential temperature profile, lifting condensation level (black line), ceilometer cloud base (red dots), inversion
base (white points) and MODIS cloud top height (dark triangules) for: a) 2001 cruise, b) 2005 cruise.
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In general MODIS/TMI cloud top height follows the tendency of the inversion base (figure 5), however
during clear periods the satellite CTH underestimates the inversion base.
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5.LWP and cloud depth comparison

Satellite LWP for an adiabatically-stratified cloud layer was calculated using eq. (2), where reff is the
cloud effective radius and t the cloud optical thickness. Shipboard LWP was estimated assuming an
adiabatic LWP, given by eq. (3). Adiabatically-derived LWPs agreed well withradiometric LWP measure-
ments during the 2001 cruise (Zuidema et al. 2005).
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I"is assumed constant 2gm-3km-1. The satellite cloud depth is calculated using eq. (2) with MODIS
LWP.
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Figure 7: Comparison between: a) MODIS LWP and LWP using adiabatic approximation and in-situ cloud depth, b)
MODIS cloud depth and in-situ cloud depth.

A good correlation is generally evident between the satellite and ship measurements. We single out
the 2005 cruise for further discussion: after the 2001 cruise, it sampled the best mixed boundary layer con-
ditions of the 5 cruises (see Fig. 5) and it is coincident with the Aqua satellite. The comparison demon-
strates a consistent offset, with satellite-derived cloud depth and LWP values exceeding in situ values. Fur-
ther work relating egn (2) to the insitu values is needed and will require us to look more carefully at the as-
sumptions underlying Eqn (2), following the work of Brenguier et al. (2000) and Boers et al. (2006).

5.1 Preliminary look at cloud droplet number concentration and the aerosol effect
Monthly mean cloud droplet

I number concentration (CDNC) maps,
= calculated by adiabatic approximation,
| arepresented in figure 8a) and 8.b).The
well known maximum of CDNC along
the Chilean coast is apparent .

The monthly mean MODIS aerosol
optical depth (AOD) maps are pre-
sented in figure 8.c) and 8.d).
Comparison of CDNC and AOD does
not show any relationship. It is not clear
whether this inconsistency is due to
issues with MODIS AOD retrievals (i.e.
sampling) or meteorology.
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Figure 8: October monthly mean CDNC:a) 2005 and b)2006. October monthly mean AOD: c) 2005 and d)
2006.

6. Conclusions

- Asimple linear fit was able to explain the relationship between inversion base temperature and inver-
sion base temperature-SST.

- MODIS/TMI is accurate enough to explain daily variablity of the cloud top height.

- MODIS LWP was well correlated to adiabatic LWP using shipboard measurements.

- In future work we will compare surface-based aerosol concentrations to satellite-derived CDNC values.
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