htning and Climate

L -
i ; g
- X .
. - teo o
e s e - &y
T ST
- v €
z T

Colin Price

Department of Geophysical, Atmospheric & Planetary Sciences
Tel Aviv University, Israel

cprice@flash.tau.ac.il



Satellite tracking of lightning

Optical Sensors



Thunderstorms and lightning need an unstable atmosphere to develop

Under adiabatic ascent, air cools at the Adiabatic Lapse Rate

Fd = 100/km
[, ~6%km

Unstable iIf I' >T'

Lightning influenced by both changes in Ts, but also lapse rate aloft



Atmospheric Instability is not enough for lightning

We need updrafts of at least 10 m/sec for significant electrification
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Rain with Little Lightning Rain with Lots of Lightning
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Surface Temperature and Lightning

Studies showing statistically significant
positive correlations between
surface temperature and lightning activity

* Williams (1992)

* Price (1993)

» Williams (1994)

* Reeve and Toumi (1999)

« Markson and Price (1999)
Price and Asfur (2006)
*Markson (2007)
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; What about global warming?
~ 2001-2005 Mean Surface Temperature Anomaly (°C)

Base Period = 1951-1980 Global Mean = 0.53




What about changes in Lapse Rate?
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(d) JANUARY LIGHTNING

Pressure (hPa)

Maximum Warming Predicted in Tropical Upper Troposphere
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Paradox?
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What about aerosols?

vAll cloud drops form on cloud condensation nuclei (CCN)
vilce crystals form on ice nuclei (IN)
vLow levels of CCN support warm rain processes
vHigh levels of CCN support cold rain processes (ice)
vFor cloud electrification we need supercooled drops, ice, and
hail interacting in the mixed phase region of clouds (0 to -40C)

delayed freezing — higher (and colder) clouds
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How does increasing aerosol loading impact lightning?

Altaratz et al (2010, GRL)
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Too many aerosols stabilize the atmosphere
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Ozone enhancement from lightning
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Martin et al. (2001)

Huntrieser et al., (ACP, 2007)
Schumann and Huntrieser, (ACP, 2007)



Impact of various sources on ozone simulated with the climate-chemistry model

o)

Pressure [hPa] Pressure [hPa]

Pressure [hPa]

E39/C for the period 1990-1999
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Lightning as a tool to study the Climate
The Hadley Circulation — =
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Upper Tropospheric Water Vapour




Lightning Activity vs. Specific Humidity (300mb) +24hours
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Amplitude of the 10 Hz Magnetic Field

Observed in Antarctica
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Summary and Conclusions

NO, UTWV Fires

Price (2000)
Price and Asfur (2006)
Price and Rind (2004)
Price et al. (1997a,b)

Price (1993) ==
Price and Rind (1994) Altaratz et al. (2010)
Ferice (2008)
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