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Production of nitrogen oxides by lightning

How does lightning produce NOXx?

» Strong updrafts in a thunderstorm

» Charge separation within 1O KID oo

convective cloud
» Discharge when treshold
potential is reached

 Hot flash dissociates O,
O, ® O+0
N,#O ® NO + N
N+O, ® NO+O

++++++

surface

Wiy (Meijer et al., 2001)
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Better estimates of NOx production by lightning

Why are we interested in LNOx?

e LNOx controls O; and OH in
troposphere O

» O, Is an efficient absorber of IR
radiation, OH determines lifetime CH,

* LNOX poorly constrained: recent
estimates range 1-13 Tg N/yr

AN IPCC, 2007 5
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Approach: how to get better estimates of LNOXx?

1. Improve simulation of LNOXx production. The default version of
the TM5 CTM uses a lightning parameterization based on ECMWF
convective precipitation fields. Comparisons with global observations
of lightning flashes in other CTMs have shown that the correlation in
both time and space is poor.

2. Test the improved scheme against aircraft observation s of NO,,
NO, and O over various parts of the world.
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The LNOx scheme in TM5

Spatial (2-D) and temporal

distribution of lightning flashes
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Lightning parameterizations (1)

« Convective precipitation

f~CP

(Meijer et al., 2001)

 Cloud Top Height

¢ (HCtop )4.9

(Price and Rind, 1997)
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Lightning parameterizations (2)

* Ice water path

HCtop

f~ IWC(h)dh

T=-10 C

(Petersen et al., 2005)

e Integrated updraft mass flux

HCtop
f~  UMF(h)dh

H
T=-5C
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Lightning Imaging Sensor (LIS) / Optical
Transient Detector (OTD)
OTD
One instrument platform
Operational from May 1995-April 2000
Coverage: 70N-70S

LIS Altitude: 740 km, Repeat period: 55 days

Onboard of the TRMM-satellite
Operational from December 1997-present
Coverage: 35N-35S

Altitude: 400 km, Repeat period: 49 days
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Data products LIS/OTD

Monthly timeseries
* Resolution: 2.5 x 2.5 deg (running mean 7.5 x 7.5 deg)
e 110/98-day average, centered on 15" day of the month
 Available per month from May 1995 — April 2006

Monthly climatology (April 1995- December 2005)
* Resolution: 0.5 x 0.5 deg (running mean 2.5 x 2.5 deg)
« 30-day average, centered on 15" day of the month
 Available per month

Diurnal climatology (April 1995- December 2005)
* Resolution: 2.5 x 2.5 deg
 Available per local hour of day

Corrected for detector efficiency by means of laboratory
calibration, ground measurements and overlap period
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Testing seasonal variability: CP vs LIS (1)

Northern Hemisphere winter (January 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.76 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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Testing seasonal variability: CP vs LIS (2)
Northern Hemisphere summer (July 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.67 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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Testing seasonal variability: CTH vs LIS (1)

Northern Hemisphere winter (January 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.80 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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Testing seasonal variability: CTH vs LIS (2)
Northern Hemisphere summer (July 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.64 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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lce Water Path — Practical problems

Tested ice water path parameterization does not perfo  rm well,

because:
» Poor spatial correlation between ECMWEF ice water path fields and

observed ice water path from Microwave Limb Sounder (MLS)
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* Ice water content in ECMWF peaks ‘too low’

(Li et al, 2006) 1(!U Delft




Testing seasonal variability: UMF vs LIS (1)

Northern Hemisphere winter (January 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.86 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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Testing seasonal variability: UMF vs LIS (2)
Northern Hemisphere summer (July 2004)

Convective precipitation simulated flashes (default TM5)

Simulated flash rate

=0.86 Land
Ocean
Coast

LIS measured flashes

Measured flash rate
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Seasonal variations per continent

Robustness per continent: %Difference w.r.t. LIS total flashes

North America / Northern Africa / Asia South America / Sou thern Africa / Australia

Northern Hemisphere (July 2004) Southern Hemisphere (January 2004)

Convective precipitation
Cloud Top Height
Updraft Mass Flux

]
TUDelft



Diurnal Cycle

Diurnal cycle can be roughly represented by sinusoidal

Characterized by:
- Amplitude
- Reference phase

Too early peak (phase
shift) will give too much
flashes

Too small amplitude will
give too few flashes

OMI

shape
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Diurnal Cycle

All cells Land cells
Difficult to determine
phase shift => Less than 3
hours
Ocean cells Coast cells

Difference in amplitude
-34% CP

-43% CTH

+11% UMF

Convective precipitation

Updraft Mass Flux
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Interannual variability

Convective
Precipitation

Cloud Top Height

Updraft Mass Flux

LIS (measured)

Difference July 2005 — July 2004
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LIS Assimilation: seasonal scaling

A'[I‘Op (l ’ J) — fLIS 'A\'[I‘opC (I’ J) — fOTD

TM5,0ld TM5,0ld

Frmsnewlls 1) = Al 1) frys o 4
TUDelft



Summary lightning parameterizations

 Seasonal variability (Jan 2004) (Jul 2004)
CP 0.76 0.67
CTH 0.80 0.64
UMF 0.86 0.86
UMF(LIS/OTD scaled) | ~1.0 ~1.0

. - Diff in amplitud
« Diurnal variability frerente n ampee

CP -34%
CTH -42%
UMF +11%

UMF(LIS/OTD scaled) | +11%

 All parameterizations insensitive to interannual variability
» Assimilating LIS/OTD is done to constrain flashes better in

years with LIS/OTD data
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Evaluating TM5 LNOx: the Darwin SCOUT-03
campaign

Campaign held in Nov/Dec 2005 in Darwin, Australia

Concentrating on strong convective

region above two small islands

Data of two aircrafts used:
Falcon (max. altitude 11 km)/Geophysica (max. altitude 21km) (;
NO/NOy measurements from chemiluminescence TU Delft



Evaluating TM5 LNOx: methods

Aircrafts sampled convective cores several times

These measurements can not be simulated by TM5 at 3x2 deg

We discard very fresh
lightning NOx based on:

NO/NOy > 0.5
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Evaluating TM5 LNOX: first results

Convective Precipitation

Measured NO/NOy
Model NO/NOy
Flashes t-3

NO (ppbv) NOy (ppbv) %
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Evaluating TM5 LNOX: first results

Updraft Mass Flux Missing NOy?

Measured NO/NOy
Model NO/NOy

t-
Flashes t-3 Too much NOy?

NO (ppbv) NOy (ppbv) %
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Evaluating TM5 LNOX: first results

Measured NO/NQOy TM5 (CVP-based) NO/NOy
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Evaluating TM5 LNOX: first results

Measured NO/NQOy TM5 (UMF-based) NO/NOy
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Conclusions and outlook

» The default TM5 (Convective Precipitation) lightning parameterization
correlates poorly in both time and space with LIS measurements ( =
0.67/0.76)

» Updraft Mass Flux correlates good ( = 0.86)with LIS measurements, but

misses peaks and interannual variations
« UMF-based TM5 lightning NOx agrees better with the SCOUT-03 Darwin

measurements than the default TM5 lightning NOx, though some NOy seems

to be missed in both cases
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Outlook: how to get better estimates of LNOXx?

1. Improve simulation of LNOXx production. The default version of
the TM5 CTM uses a lightning parameterization based on ECMWF
convective precipitation fields. Comparisons with global observations
of lightning flashes in other CTMs have shown that the correlation in
both time and space is poor.

2. Test the improved scheme against aircraft observation s of NO,,
NO, and O, over various parts of the world.

3. Provide constraints on global LNOXx production using satellite
observations of tropospheric NO, and O; from GOME-2 and OMI.
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Outlook - Vertical profile

Spatial (2-D) and temporal
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distribution of lightning flashes
NO production per IC/CG flash

Vertical distribution

. hew Insights
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How evil Is lightning?: A first step....
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