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Hi all, Going to talk about our work on retrieving cloud and drizzle parameters during magic.
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First I’ll give a quick overview of the retrieval method, go through a case study on 2nd June and then look at more of a climatology for legs 11–13 and show some hints of cloud-aerosol-precipitation interactions at play.
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ENCORE retrievals of cloud and drizzle
properties

* Combines KAZR/WACR, HSRL and zenith radiances

* Uses the Iterative Ensemble Kalman Filter as an optimal
estimation framework (full error statistics)

Key cloud droplet retrievable Key drizzle drop retrievable
variables: variables:

Water content, W,, g m=3 Water content, W, g m=3
Effective radius, r, ., (M) Effective radius, r, 4, (um)

1 'e,C!

Number concentration. N, Rain rate, RR (mm day)
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OK, so the novelty of our retrieval is that it combines, radar, lidar and zenith radiances to retrieve cloud and drizzle proeprties in an optimal estimation framework.

The key cloud variables are… the key drizzle variables … these are all height resolved.

So that all sounds great, but to use the retrieval it’s important to know how it works, so I’m going to briefly explain now.


ENCORE operates in two modes & Reading

Mode 1 — non-precipitating cloud (Zcb <-17 dBZ)

e Cloud properties constrained by radar and
shortwave radiance only

Mode 2 — precipitating cloud (Zcb > -17 dBZ)

* Drizzle below cloud base constrained by lidar and
radar

e Cloud properties constrained by shortwave
radiances

» Drizzle properties within cloud are constrained by
radar
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QUICK ON THIS SLIDE> Our retrieval operates in two modes. The choice of modes is governed by radar reflectivity at cloud base. In non-precipitating cloud, we assume a monomodal droplet size distribution for cloud droplets, so our cloud parameters are (relatively) well constrained. In precipitating cloud this is not possible, so requires more assumptions. So… In cloud


ENCORE within precipitating cloud & Resding
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1D ENCORE reveals cloud water / drizzle & resding

water covariance (1t June 20-21 UTC)

Radar reflegivity |

height (km)

Fielding et al. (2015, AMTD)
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Top panel shows observed radar reflectivity. The cloud base is detected from the peak in lidar backscatter. Run our retrieval to examine the joint water content of the cloud and drizzle. Can see a clear separation of cloud and drizzle at cloud base. As we did in the 3D case, we can compare our retrieval to MWR retrieved LWP. Shows good agreement, however what you cannot do with MWR is separate cloud and drizzle, which is what we do here… we can see a correlation between cloud water path and drizzle water path. As well as looking at vertically integrated properties we can also look at the horizontal structure. If we take an average from this area of heavy drizzle we can look at the separate profiles of cloud and drizzle…

Actually help improve LWP retrieval in ARM archive.



Uncertainties (1 s.d.):��1 dB radar reflectivity�1 dB lidar backscatter (10*log10(backscatter))�2.5% radiance
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1D ENCORE reveals cloud water / drizzle & Reading

water covariance Fielding et al. (AMTD, 2015)
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Top panel shows observed radar reflectivity. The cloud base is detected from the peak in lidar backscatter. Run our retrieval to examine the joint water content of the cloud and drizzle. Can see a clear separation of cloud and drizzle at cloud base. As we did in the 3D case, we can compare our retrieval to MWR retrieved LWP. Shows good agreement, however what you cannot do with MWR is separate cloud and drizzle, which is what we do here… we can see a correlation between cloud water path and drizzle water path. As well as looking at vertically integrated properties we can also look at the horizontal structure. If we take an average from this area of heavy drizzle we can look at the separate profiles of cloud and drizzle…

Actually help improve LWP retrieval in ARM archive.



Uncertainties (1 s.d.):��1 dB radar reflectivity�1 dB lidar backscatter (10*log10(backscatter))�2.5% radiance
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Climatology for legs 11-13 (June 2013)  ®reading

* Bin retrievals to 0.5° o
longitude * Instrument availability
« 30 m vertical resolution e Daytime only

75™ percentile of radar reflectivity (dBZ)
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Shows the 75th percentile of radar reflectivty at each height level, and black line shows cloud base as detected by lidar. We chose 75th percentile as this includes clear sky, so gives a better indication of what cloud type was present. See three regimes, stratocu, transistion and trade cu.


Vertically integrated cloud and drizzle
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Horizon left dock at similar time of day (noon?), so was always travelling across the same longitudes in daylight. Error bars show the standard error on the mean.
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Rain rate decreases with cloud droplet number % Reading
concentration and increases with cloud water path
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As shown in many other studies, we see that during legs 11–13, rain rate decreases with Nd and increases with cloud droplet number concentration. We binned the retrievals into 4 CWP bins and 4 cloud droplet number concentations. Each colored line represents a different Nd bin. The errorbars show 95% confidence, but should be treated with caution until a proper autocorrelation study to account for the number of independent samples. What is suprising is how high the rain rate can be for quite low LWP. We can compare our results to those in other studies, for example this study by Julian Mann et al, for the Azores shows similar results. Note that they use aerosol observations at the surface as a proxy for Nd, while our retrieval’ goes direct’. Would be interested in comparing our retrievals of Nd to measurements of CCN on the ship.

These error bars assume a CITE mann 2014
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® ENCORE can separate cloud and drizzle vertical structure to
Investigate microphysical processes

® Stratocumulus regime has a mean cloud droplet effective
radius (r.) of 8 um, whereas trade cumulus has r, of 12 ym,
but with greater variability.

® Analysis of temporally and spatially matched retrievals of
rain rate, cloud water path and cloud droplet number
concentration shows apparent aerosol suppression of
drizzle.
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