L;‘:‘;&‘ s ; =
L S *_ - - - :7’*,
—_— .
o A “n

- September 25th 2016 South Sandwich Islands (NASA Worldview) ; AN



What is a ‘Natural Laboratory’?
AKA: ‘Opportunistic Experiment’

Anomalous Cloud Lines!

Joun H. CoNOVER

Air Force Cambridge Research Loboralories, Bedford, Mass.
(Manuscript received 22 March 1966, in revised form 29 July 1966)

3. Interpretation One of the first satellite images of a ship track

Possible causes of the anomalous lines involve a)
aircraft condensation trails, b) missile trails, ¢) smoke
screens from ships, d) convection induced by certain
temperature patterns in the sea, and ¢) the effluents
from ships. The last appears to be the most reasonable,

a) Cloud lines distort in relation to the large scale
cloud which is at low-levels.

b) Due to their speed, one end of the missile trail
should not appear significantly different from
the other end.

c) Smoke screens of this size cannot be
generated, nor would they be in locations
where these lines are found.

Fic. 5. Crossing curved anomalous lines. Arrows point 10 the
most prominent crossings. Case 7.

d) Sharp discontinuities in SST are not prevalent . .
except on the edges of major ocean currents. 1 /ROS VII: Television Infrared
Furthermore, cloud lines formed over alineof ~ Observational Satellite camera

warm water would not be expected to show a . .
difference in age from one end to the other. First successful weather satellites
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Different types of Natural Laboratories
(or ‘opportunistic experiments’)

e Ship emissions (42 papers; satellite=28, LES=4 , in situ =6)
Industrial sources (14 papers)

Volcanoes (11 papers)
o Kilauea (Hawai’i), Ambrym (Vanuatu) , Holuhraun 2014-2015 (lceland)

Fires (7 papers)

Hemispheric differences (2 papers)
Long Term Trends (4 papers)
Weekly cycle (2 papers)

Particular events

o Beijing Olympics, Great Recession,
o COVID-19 [several papers in process]



ACPC Natural Laboratories Review ACPC

\\\\
April 2020: ACPC low cloud project decided that there was a lot to
be learned from synthesizing work on natural laboratories for
aerosol cloud interactions.

A project to develop a review paper was initiated

Aerosol, Cloud, Precipitation & Climate (ACPC) Working Group

ACPC is a joint initiative of the International Geosphere-Biosphere Programme (IGBP) and
the World Climate Research Programme (WCRP), developed through the cooperation of the
IGBP's Integrated Land Ecosystem—-Atmosphere Processes Study (iLEAPS) and
International Global Atmospheric Chemistry (IGAC) and WCRP's Global Energy and Water
Cycle Experiment (GEWEX) .


http://www.igbp.net/
http://www.wcrp-climate.org/
http://www.futureearth.org/projects/ileaps-integrated-land-ecosystem-atmosphere-processes-study
http://www.igacproject.org/
http://www.gewex.org/
http://www.gewex.org/

Natural Laboratories Review: Scope/Vision

Bring together in a common framework different ‘natural laboratories’ of anthropogenic
aerosol impacts on clouds, especially the microphysical effect of aerosols on clouds

1. Areview/summary paper on different laboratories and what we have learned
from them using models and observations. Include a synthesis and next steps.

2. A Table and Database of different natural
laboratories :
where, when, data sources, where studied. Links to 2) |

W Vs e
associated emissions and observations datasets : “

60°E 180° 60°W

Pollution track database (Toll et al. 2019): https:/iresearchdata.reading.ac.uk/208/




Cloud ‘Tracks’ Across Scales

A-C: MODIS daytime
near-infrared composite

satellite images (sensitive
to Re)

D: AVHRR Re

Velle Toll




FREQUENCY

Ship and Volcano Track Responses
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Toll et al. (2017)

Cloud albedo effect ratio
similar in both ship and
volcano tracks. (Ship tracks:
effective Radius ARe =-22%;
and Cloud Optical Depth
ACOD = +36%).

Liquid water path (LWP)
increases as free-troposphere
humidity increases similarly
for both ship and volcano
tracks.
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Review Timeline/Progress

Developed outline with co-authors

Data collection: Preliminary database

Now: analysis/synthesis, working on draft

Goal: Submit and Report by April 2021 ACPC meeting

Want to help? Let us know.

Still happy to engage others and add co-authors. Unpublished modeling estimates
based on existing models are probably fine (e.g.: Shipping emissions effects).



Database

Data collection with type,
location, regime, highlights

uantitative estimates:
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Preliminary Meta Analysis

Preliminary analysis of 50 studies, maybe 15 studies with quantitative values

A) ARe/Re B) ALWP/LWP C) ANd/Nd
volcano tracks Satellite- —_ —- E
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Still adding studies. Interesting commonalities (e.g., volcanoes more than shipping corridors)
Looking at systematic differences by regime, emission type, method



Unpublished and Emerging Analyses

We can probably add estimates even if they are not quite published

Examples with CAM6:

2020 Shipping Emissions Regulations
ERF for 80% Shipping Sulfur Reduction (+0.14 Wm™)
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COVID Aerosol Change Impacts

(Gettelman et al, in Prep)
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Summary

Natural Laboratories are experiments of opportunity that show clear sensitivity
of cloud properties to aerosols

Types: industrial emissions, volcanoes, ship tracks, regional emissions.
o Even global perturbations: COVID emissions changes or long term trends

Perhaps 50 or more studies looking at these events, but no meta-analysis
Initial collection and synthesis of different studies indicates some interesting
differences and commonalities.

Quantitative information is available and this may be very useful to help
understand and quantify ACI

Join us! Happy to include emerging modeling work



