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New ‘land’ from lava flow

Lava meets ocean



The Hawaiian volcano

10/15/18 4

• Recap observational analyses for the 
period 2002-2010
• Updated analysis for 2002-2017
• GCM modeling of the event
• Conclusion and outlook
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Figure 3 844 Fig. 3. Distributions of (A) aerosol index defined as aerosol optical depth multiplied by the Angstrom exponent; (B) cloud optical depth

(COD); (C) droplet effective radius (DER); and (D) filtered cloudy pixel frequency averaged over June, July, and August, 2008, showing
volcanic tracks over the course of the season. All parameters are derived from the level-2 MODIS data. Cloud products are for liquid clouds
with optical depth greater than 10.

et al., 2006; Wen et al., 2006; Charlson et al., 2007; Yuan et
al., 2008). A series of quality control filters are thus applied
to the original MODIS cloud data to minimize the chance
of artificial correlations between aerosols and clouds (Yuan
et al., 2008). Briefly speaking, we include only pixels that
have optical depth greater than 10, brightness temperature
greater than 270K, the cloud phase is flagged as liquid, and
the cloudiness quality flag denotes “overcast” with the high-
est confidence (Yuan et al., 2008). The resulting June-July-
August (JJA) average cloud optical depth map is shown in
Fig. 3b. For clouds inside the plume, the mean cloud optical
depth increases from the background value, north and south
of the sulfate plume, by up to 9. Correspondingly, cloud
droplet effective radius decreases by 3 to 8 µm for clouds in-
side the sulfate plume depending on the location (Fig. 3c).
Both the enhancement in cloud optical depth and reduction
in cloud droplet size manifest themselves as distinct “vol-
cano tracks” that correspond well to the sulfate plume. These
cloud microphysical and optical property changes associated
with the volcanic aerosol plume support the Twomey effect
and complete the first link in the chain reaction associated
with the cloud amount effect.

The occurrence of filtered cloudy pixels increases by up to
a factor of 5 within the plume compared to the background
as shown in Fig. 3d. Within the sulfate plume we note a re-
markable correspondence among cloud optical depth, cloud

droplet size and number frequency (defined as the number
of qualified level-2 pixels in a grid box): the loci of pri-
mary, secondary and tertiary peaks of cloud optical depth
correspond well to those of cloud droplet size and number
frequency. These observations imply that changes in cloud
optical depth and cloud droplet size are associated with in-
creases in number frequency. Repeated analyses with dif-
ferent cloud optical depth thresholds reach the same conclu-
sion, suggesting the effect spans the entire cloud spectrum.
We also look at the cloud fraction data directly (including all
cloudy pixels by cloud mask without filtering). As shown in
Fig. 4, the overall MODIS cloud fraction within the sulfate
plume increases by up to 25% from the background values
of around 0.44. As an attempt at roughly quantifying the
connection between aerosol and liquid cloud fraction we use
seven years of data from Aqua MODIS. We normalize each
1�⇥1� cloud and aerosol monthly grid during JJA of 2003–
2009 and plot the normalized cloud fraction against normal-
ized aerosol index in Fig. 5. In the normalization, cloud
fraction in each 1� box is divided by mean cloud fraction
of a clean, background area (20–25�N and 165–170�W in
our case). The normalization is done for multi-year data in
order to remove interannual variation from large-scale con-
ditions and possible calibration drift in the MODIS sensor
that might introduce artificial trends in the retrieved products.
Figure 5 suggests that for a doubling of aerosol concentration
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increase in aerosol index. The likelihood of warm precipita-
tion for trade cumuli will be almost completely suppressed
when droplet effective radius is smaller than 14 µm, corre-
sponding to an aerosol index of 0.2. This agrees well with
an emperically derived threshold value for initiation of warm
drizzle (Rosenfeld, 2000).
We have used A-Train observations to demonstrate all

three links in the chain of processes that leads to the cloud
amount effect: a close association between reduction of
cloud droplet size, suppression of precipitation, and increase
of cloud fraction with enhanced aerosol concentration in a
statistically significant way.

4.3 Consequences of aerosol effects

Theoretically the precipitation suppression can raise cloud
tops (Pincus and Baker, 1994). We use CALIPSO data to
detect cloud tops that are within the 2.5 km boundary layer.
Focusing on nighttime data only because CALIPSO day time
data are noisy, the boundary layer cloud tops within the sul-
fate plume are indeed generally higher than the background
by 400–500m (Fig. 9a). The boundary layer cloud top map
thus creates another “volcano track” feature, which is spa-
tially noiser because CALIPSO’s spatial sampling is much
sparser than that provided by an imager like MODIS. The
difference between cloud tops in the volcano aerosol plume
and just outside of the plume is consistent with that predicted
by the simple model of Pincus and Baker (1994) and recent
observations for ship tracks inside stratocumulus files (Chris-
tensen and Stephens, 2011). This increase in cloud top height
is most likely due to the suppression of precipitation and en-
hanced entrainment at cloud top, a result of more and smaller
cloud droplets. An alternative explanation may also be viable
if the cloud invigoration effect (Koren et al., 2005; Yuan et
al., 2011) also applies to shallow cumulus clouds.
Aerosols not only suppress the precipitation frequency

(Figs. 7 and 8) but also decrease the precipitation rate
(Fig. 9b) and this leads to perturbations of the energetics of
the system. In Fig. 9b, the 2008 anomaly of precipitation for
warm clouds is constructed based on the 2006–2009 clima-
tology from CloudSat observations. The relative decrease in
precipitation rate inside the sulfate plume is 30%–80% de-
pending on the location, and the reduction is even larger for
precipitation frequency. However, given the short duration
of the CloudSat “climatology” and CloudSat’s sparse spatial
sampling these estimates are uncertain. Nevertheless, if we
assume a 50% reduction in both the precipitation rate and
frequency, the total precipitation amount will be decreased
by 75%. The areal mean climatology of CloudSat-derived
warm rain rate over the study area is 0.4mmday�1. By tak-
ing into account only the warm precipitation, we roughly es-
timate that the reduction in latent heat transfer from ocean
to atmosphere amounts to ⇠8Wm�2 following a similar
method in Snodgrass et al. (2009). Other factors such as the
modification of humidity due to precipitation, evaporation

 41 
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Figure 9 858 Fig. 9. (a) Seasonal mean CALIPSO cloud top height for June-July-
August of 2008 observed at night. Clouds are higher within the sul-
fate plume; (b)Observed CloudSat mean precipitation rate anomaly
for 2008 relative to 2006–2009 climatology. A volcano track of
precipitation reduction is noted; (c) Observed seasonal mean broad-
band albedo for July 2008 derived from the ERBE-like CERES
product from the Aqua satellite.

Atmos. Chem. Phys., 11, 7119–7132, 2011 www.atmos-chem-phys.net/11/7119/2011/
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Changes precipitation

Increase cloud amount

modify trade Cu microphysics

AEROCOM 2018  Tianle Yuan

A recap of  our previous investigation

(Yuan et al., 2011, ACP)
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Precipitation rate is also 
among the lowest

Precipitation likelihood 
lowest in CloudSat record
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The Hawaiian volcano

CERES Cloud Radiative Effect JJA Climatology
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CRE EOF mode 1 correlates with AOD time series best.
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The Hawaiian volcano

Can GEOS-5 (1M/2M) reproduce the effect of the 
Kilauea plume on cloud properties?
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The Hawaiian volcano

Model Setup

• Year 2008, runs at c180 resolution.
• Replay to MERRA-2 (U, V, T)
• Zero, 1X and 5X Kilauea volcanic emissions. 

Taken from the USGS survey.
• Single and two-moment cloud microphysics
• Sampling using the MODIS satellite simulator
• Prescribed SST



No Kilauea Emissions (JJA, 2-Moment)



5X Kilauea Emissions (2-Moment)



5X Kilauea Emissions (1-Moment)



MODIS (Yuan et al. 2011)
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Precipitation Effects?
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?
Our next step is to compile a suite of 
observational and meto data sets for 
obs-model comparison.


