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NASA LaRC satellite products and 
tools for ACTIVATE



GOES-16 ABI satellite sensor
• Satellite imagery

• Visible, infrared, water vapor channel (6.2 μm) multi-channel RGB images and 
animations

• Satellite cloud retrievals
• Cloud mask and phase (clear, liquid, and ice), cloud top temperature and height (and 

pressure), base height (and pressure).
• Cloud optical depth, particle effective size (ice and liquid), water path (ice and 

liquid), and cloud droplet number concentration
• Radiative fluxes, aircraft icing potential (of supercooled liquid water).
• 2-km pixel resolution (nadir) produced every 20 min.

• CERES MODIS retrievals
• 1˚x1˚ daytime cloud retrievals and MERRA-2 reanalysis data archived in the 

ACTIVATE repository
• Dataset was used to describe synoptic-scale processes over the ACTIVATE 

domain (Painemal et al., 2022 JGR).

Products



https://satcorps.larc.nasa.gov

ACTIVATE

Satellite products are 
provided for two domain 
sizes: small (ACTIVATE 
domain, 2-km resolution) 
and large (4-km 
resolution, see above)



Visualization tool for “small” domain

• Retrievals and images are 
available every 20-min for 
deployment periods.

• For other periods, data are 
produced every 30-min

• GOES-16 data matched with 
aircraft tracks will be made 
available.

• Netcdf files can be downloaded 
from the ACTIVATE repository:

• https://www-
air.larc.nasa.gov/missions/activ
ate/index.html, under the 
“Satellite” link

Cloud droplet number concentration

Contact: 
Bill Smith (william.l.smith@nasa.gov), Louis Nguyen (l.nguyen@nasa.gov), David Painemal 
(david.Painemal@nasa.gov )

https://www-air.larc.nasa.gov/missions/activate/index.html
mailto:william.l.smith@nasa.gov
mailto:l.nguyen@nasa.gov
mailto:david.Painemal@nasa.gov


https://satcorps.larc.nasa.gov
RGB image



Supercooled liquid

Warm liquid

Ice

Cloud-free

https://satcorps.larc.nasa.gov
Cloud phase



https://satcorps.larc.nasa.gov
Cloud top height



https://satcorps.larc.nasa.gov
Cloud droplet effective radius



https://satcorps.larc.nasa.gov
Cloud droplet number concentration



Preliminary assessment of GOES-16 cloud droplet 
effective radius and number concentration (Nd)

• Satellite Nd is derived using 2-km pixel-level data. 
4x4 Nd pixels are averaged before comparing GOES 
with in-situ data.

• In-situ Nd (CDP and FCDP) are limited to samples 
with water content ≥0.03 g/m3. In-situ data are 
temporally averaged (30-s window).

• GOES and in-situ Nd are matched within 10 min.

Cloud optical depth

[31] The parameter G would correspond to the condensa-
tion rate of water vapor with height [Albrecht et al., 1990].
The adiabatic G is a function of temperature and pressure
(weakly) only. The subadiabaticity of the cloud can be taken
into account by multiplying the parameter G by a sub-
adiabatic fraction (fad) < 1 that reflects the dilution of the
cloud due to mixing [e.g., Bennartz, 2007]. An additional
assumption in the derivation of Nd is that the cubic ratio
between the volume mean radius and the effective radius,
known as “k” parameter, is constant [Martin et al., 1994]. If
Nd is assumed constant with height, Nd can then be expres-
sed as:

Nd ¼ Gappr
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rw is the water density and the parameter k is assumed
constant at 0.8 [Martin et al., 1994]. Gappr is the approximate
water content lapse rate. Bennartz [2007] assumes Gappr as
the adiabatic lapse rate multiplied by 0.8 (subadiabatic
fraction), or Gappr = fadG = 0.8G. In our study, we assumed
Gappr = fadG = 1.0G with a value of 2 g/m3/km for G, which
corresponded to the mean value for the adiabatic lapse rates
over this region (which varied between 1.8 to 2.2 g/m3/km),
and ignored establishing a subadiabatic fraction. This value
for Gappr was also used by Painemal and Zuidema [2010].
We assumed an extinction efficiency equal to 2, and, unlike
the Nd equation in the work of Bennartz [2007], expressed
Nd in terms of re and t, with a cloud fraction equal to 1. A
similar equation to ours was used by George and Wood
[2010] and Bretherton et al. [2010], and expressed as
Neff = K & t1/2re#5/2, with K constant at 1.125 " 10#6 cm#1/2.
Their Neff equals our k ⋅ Nd, with the same constant values
assumed in our study, producing cloud droplet number
concentration estimates 80% of those in the current study
and within Painemal and Zuidema [2010].
[32] MODIS Nd agreed the best of the four MODIS

variables with the aircraft observations, in this case the
mean aircraft CDP profile values (Figure 9b; r = 0.94, mean
bias of #4.0 [cm#3]). This agreement seemed to be inde-
pendent of how well MODIS t matched the observations,
in part because the square root diminishes the effect of t in

equation (7). Only the two samples with the highest Nd
values had a large MODIS positive bias (>100 cm#3).
These two Nd profiles came from poorly mixed conditions
for which ignoring subadiabaticity was a poor assumption
(Figure 9c). Another interesting feature was that the Nd
within the full data sample were larger during the morning
than the early afternoon within both in situ and satellite
observations.
[33] The good agreement between MODIS and in situ Nd

was remarkable given the systematic overestimation in re. If
we assume that MODIS t accurately represented the real t,
then the potential error in Nd could be explained by this term
in equation (7):

a ¼
Gappr

1=2

k ⋅reMODIS
5=2

ð8Þ

We allow that MODIS overestimated the in situ effective
radius by approximately 15%. We calculated the observed
lapse rate (Gobs) as Gobs = 2 " LWPCDP+(2D#C)/DZ2, anal-
ogous to equation (6), and found a mean Gobs during
VOCALS-REx of 1.4 g/m3/km, 1.43 times smaller than the
adiabatic Gappr (2 g/m3/km). The distribution of k was found
to differ between cloud top and the profile-averaged values
(Figure 10). At cloud top the dropsize distributions were

Figure 9. (a) Scatterplot between MODIS LWP and in situ LWP, (b) Scatterplot between MODIS Nd
and in situ Nd. Gray symbols as in Figure 6. (c) CDP Nd vertical profiles associated with the cases
with the largest MODIS Nd offset. Dashed lines indicate the MODIS Nd.

Figure 10. Histograms of k parameter at the cloud top
(gray), and vertically mean k (black contour bars).
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Examples: Postfrontal clouds and closed-cell Sc

𝜏



Preliminary assessments: cloud height and 
droplet effective radius

• Cloud droplet effective radius
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• Cloud top height

- GOES effective radius overestimates the in-situ 
observation, consistent with previous studies.

- GOES cloud height consistent with the airborne 
HSRL

- Comparison against RSP retrievals is ongoing.



Final remarks

• GOES-16 retrievals are suitable for synoptic-scale, Lagrangian, and 
diurnal cycle studies, as well as for model evaluation.
• Pixel-level retrievals can be more uncertain in highly broken scenes. 

Screening methods can be devised for removing problematic data.
• Retrieval improvements are ongoing, aiming at reducing the retrieved 

droplet size.


