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Lightning

IP Action A29:

To define the requirement for lightning measurements, including data
exchange, for climate monitoring and to encourage space agencies and
operators of ground-based systems to provide global coverage and
reprocessing of existing datasets

Ability to monitor trends in severe storms
GCOS AOPC and space agencies
Requirements to be defined by 2017

Update to Annex A for lightning and commitments by space agencies to include
lightning imagers on all geostationary platforms. Reprocessed satellite datasets
of lightning produced.

USS 10-30 million

-> AOPC 2017 charged GCOS secretariat to establish task
team on lightning for climate applications

Performance
indicator



Lightning Task Team Members

Valentin:Aich.— GCOS/WMO/UN —Geneva, Switzerland
Caterina Tassone - GCOS/WMO/UN — Geneva, Switzerland
Robert Holzworth, university of Washington, Seattle USA
Yuri Kuleshov, RMIT University Melbourne, Australia

Steven Goodman, NOAA (retired, former GOES-R Chief Scientist),
Huntsville, Alabama, USA

Earle Williams, MIT, Boston, Massachusetts, USA
Colin Price, Tel Aviv University, Tel Aviv, Israel




Proposed Terms of Reference (derived from Action 29 of the IP):

* Write and publish a peer reviewed paper to identify the
potentials and challenges for lightning as climatological variable
and propose a plan on how to establish operational monitoring
of lightning for climate applications

e Review and update current lightning ECV requirements

* Define standards and requirements for data management and
data exchange of lightning monitoring for climate applications

* Propose strategy for open data access for lightning climate
applications given the dominance of the private sector in
lightning monitoring

* Encourage space agencies and operators of ground-based
systems to provide global coverage and reprocessing of existing
datasets




Lightning TT Schedule

Constituted and First Telecon: Oct 26, 2017

First Face-to-face meeting Feb 3-5, 2018 (action items
assigned)

Submit Announcement to EOS seeking community input (Feb
2018)

(Interim report AOPC March 2018)
Next Telecon: May 2018

Draft White paper by August 2018
Final report Sept/Oct 2018 ¢




Remainder of Talk: Discuss Lightning Data and Science

Data Sets:
Thunder Day data — need WMO help

Satellites (optical): NASA/TRMM LIS, NOAA16/GLM, ISS, EUMETSAT,
China

Ground Based (RF): Public and Private
Note: only RF networks are actually global at this time

Related Data:

Global Aerosol data (e.g. EDGAR PM2.5)
Sea Surface Salinity

Global Wind

Global Electric Circuit data



Thunder Day data (WMO can help, please):

Thunder Day Data means a day in which thunder was heard (typically within about 20-30 km max from observer)

Evolution of reporting stations in the GSOD dataset (NOAA)
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Average annual thunder-days

Projection: Lambert conformal with
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300 recording stations averaged over
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Satellites
NOAA/NASA OTD and TRMM/LIS - global coverage every few days (de-orbited)
Geostationary: NOAA16 GLM (Geostationary Lightning Mapper),
EUMATSAT - similar instrument planned in a few years
China: Geostationary sat launched
Low Earth Orbit (new): LIS spare on ISS now (57°inclination)

NOAA GLM Field of View
(with a climatology cut
from OTD/LIS)

(two Satellites view)

Flashes km-2 yr-!

No Satellite Lightning Locating system covers the globe, nor will it in the forseable future



Groundbased RF networks
Three main frequency bands: ELF, VLF and MF

ELF: Schumann Resonance:1#\single station can essentially cover the globe, because this is a cavity resonance
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Lorentzian Fitting of Schumann
Spectrum: Inputs for Inversion



Groundbased RF networks

Three main frequency bands: ELF, VLF and MF

VLF and MF: Regional and Global (Regional networks exist in China, Russia, Europe, USA, New Zealand,
and other countries, each covering important areas)

Global VLF: WWLLN, ENGLN and GLD360 - data available in real time for whole globe (back to 2004)

Annual-mean WWLLN lightning
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Lightning Climatologies
Global Thunder Day data since 1930s

Regional Lightning Studies available for many
countries since 1990s

Global Lightning Climatology from NASA using
OTD/LIS

Global Lightning Climatology now available at
10km, 1-hr resolution

WWLLN annual mean; 03 Kampala LT
10 - = v




Other Relevant Data sets: ( for Lightning Studies)

Global Aerosol data (e.g. EDGAR PM2.5)
Sea Surface Salinity

Global Wind

Global Electric Circuit data

WWLLN | |
Lightning \__,--"{\

SHIP /

TRACKS

Global Climatology data for
10+ years used to identify
Human Aerosol pollution
impact on severe weather




The Global Electric Circuit (first proposed by C.T.R. Wilson

Earth

~500,000 C

Fig. 3. Schematic of the global atmospheric electrical circuit illustrating relationships between
resistive elements. The arrows indicate the accessibility of the controlling resistive element
above the thunderstorm generator to the varying component of the ionizing radiation (/).
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Current experiments are underway to collect the global Return Current from the collective effects of Thunderstorms



TTLOCA:

Most Data sources for lightning have been identified
Next: Identify space and time resolution needed for Climate studies
Work with government and private sources to settle on a reasonable Climate
data set for Lightning data
Identify the Meta-data needed for such data sets to be useful (detection
efficiencies etc)
Request input from the community to help guide our recommendations
Write a white paper with our recommendations for Lightning data as an ECV

Thank You!

Contact me or Valentin for questions:
Robert Holzworth <bobholz@uw.edu>
Valentin Aich <vaich@wmo.int >



Further Demonstrations of Lightning Climatology Studies:

Auxillary Sides:
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FIG. 4. As in Fig. 3, but for WWLLN lightning (strokes km 2yr ™).
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integral (E2 dt) (102 (v/m)? s)
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20081104 - 20101130 total VEFI peaks: 420,265
WWLLN < 10,000 km: total = 179,730; coincident = 12,170
WWLLN > 10,000 km: total = 179,739; coincident = 4,104
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What about aerosols?
How will a more polluted atmosphere impact thunderstorms?

evels of CCN supp
. Ca tion
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Lightning (#/10 hours)
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Global Aerosol Observations
(Kinne, 2009)
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Tropospheric Chemistry
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The clearest evidence to date of aerosol pollution
persistently affecting storm development and intensity.

WWLLN 4 \ Factor of
Lightning * 5 - Two
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Latest Result from UW Atmos. Sci, ESS, JISAO and Aerosols T
. CAPE
NASA:
Joel A. Thornton, Katrina S. Virts, Robert H. . . B .
Holzworth, and Todd P. Mitchell, Conclusion: first evidence that ships
Lightning Enhancement Over Major Oceanic affect storm intensity and lightning.
Shipping Lanes , Geophys. Res. Letters. (accepted  Notice how both Lightning peak, and Aerosol PM2.5 is centered on 6
8/24/17) (in press) 2017 degrees latitude. Notice that CAPE shows no such relationship (so

not a natural weather phenomenon



