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• N2O as precursor to ozone destruction
• Upper-atmospheric N2O production mechanisms
• Verifying feasibility of a mesospheric source
• WACCM model to ACE-FTS satellite 

comparisons
• Future work

Outline

Credit: NASA
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Nitrous oxide (N2O)

• Significant ozone-
depleting substance
– Not controlled by Montreal 

Protocol
• 3rd most important 

greenhouse gas
– Mitigated by Kyoto Protocol

• Anthropogenic and 
natural sources

N≡N−O

Ravishankara et	al.	(2009)
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• N2O is precursor of middle atmos. NOy
N2O + O(1D) → 2NO

• NOy destroys stratospheric O3:
NO + O3 → NO2 + O2
NO2 + O → NO + O2

• Previously assumed only surface 
sources of N2O

• Mesospheric sources now identified

Ozone destruction

Ozone hole

Credit: NASA
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• Zipf and Prasad (1982) postulated:

– Excited N2 from EEP
e + N2(X1Σg

+) → N2(A3Σg
+) + e

– Reaction with O2

N2(A3Σg
+) + O2 → N2O + O

• Produces N2O at around 95km

Upper-atmospheric N2O history
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• ~25 years passed without high-
altitude satellite obs.

• Semeniuk et al. (2008) reported 
stratospheric N2O VMRs of ~5 ppbv
after 2004 SSW

– Suggested mesospheric mechanism:
N(4S) + NO2 → N2O + O

– Initially seen as upper atmospheric 
N2O source

Upper-atmospheric N2O history

ACE-FTS

Credit: ACE – University of Waterloo
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• Funke et al. (2008) verified 
‘N(4S) + NO2 →’ mechanism
– Via N2O-CH4 correlations
– Also suggested potential for 

the ‘N2(A3Σg
+) + O2 →’ source

• Sheese et al. (2016) 
provided first satellite obs. of 
95km N2O
– Reported mean N2O VMRs 

above 20 ppbv

Upper-atmospheric N2O history

Sheese et	al.	(2016)

ACE data (2004-13)
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• To sustain N2O VMRs from Sheese et al. (2016):

– Efficiency factor

𝛼 =
N&O	prod. rate

ion	pair	prod. rate
≈ 0.1%

– Where
N&O	prod. rate = N&O 789 ⋅ N&O	loss	rate

– Other constants from standard WACCM output

Verifying feasibility
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• N2O loss mechanisms:

– Photolysis in the stratosphere
N2O + hv → N2 + O(1D) (~90%)

– Reaction with O(1D)
N2O + O(1D) → N2 + O2

N2O + O(1D) → 2NO
Portmann et al. (2012)

• Upper mesospheric lifetime ~10 days
• Lower thermospheric lifetime ~100 days

Verifying feasibility
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• Is efficiency factor (⍺ = 0.1%) reasonable?
– Recalculate ⍺ from first principles

Verifying feasibility

– Cross-section ⨉
electron flux at 100km

– Linear extrapolation

– Integrate up to auroral
energies (~30keV)

• Yields ⍺ ≥	0.1%
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Experimental set-up

Simulation Configuration

1. Standard
WACCM run

N(4S) + NO2 → ON
N2(A3Σg

+) + O2 → OFF
2. Moderator 

run
N(4S) + NO2 → OFF
N2(A3Σg

+) + O2 → ON
3. Full run N(4S) + NO2 → ON

N2(A3Σg
+) + O2 → ON
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• Added 95km N2O source into WACCM:
N2(A3Σg

+) + O2 → N2O + O

Model to satellite comparisons

Full run (model) ACE-FTS (satellite)
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1. Standard WACCM run 2. Moderator run

ACE-FTS (satellite)3. Full run



14C.W.	Kelly

• ‘Steady-state’ reached quickly
– Expected for short N2O lifetime

• Abundances do not descend 
as low as in obs.

• N2O minimum seen in WACCM 
at ~60km
– Not observed, other sources?

• Seasonal polar trend not well 
replicated by model

• ‘N(4S) + NO2 →’ is by far the 
dominant source

Interpretation

Full run (model)

ACE-FTS (satellite)

Zipf: N2(A3Σg+)	+	O2	→	N2O	+	O

Semeniuk: N(4S)	+	NO2 →	N2O	+	O
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• Investigate other production mechanisms 
– Photochemical N2(A) source?

• Perform WACCM simulations for 2014:
– Know to have less EEP than 2013
– Significance of EEP on N2O will be better quantified

• Impact of 95km source on stratospheric ozone

Future work Zipf: N2(A3Σg+)	+	O2	→	N2O	+	O

Semeniuk: N(4S)	+	NO2 →	N2O	+	O
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Summary

• N2O source at around 95km via EEP
– Until recently only surface sources considered

• N2(A3Σg
+) + O2 → N2O + O

• At 90km ⍺ ~0.1%
• Production mechanism put in WACCM

– N2O observed, but not at mid-latitudes in lower 
mesosphere

• Next find impact on stratospheric ozone

Zipf: N2(A3Σg+)	+	O2	→	N2O	+	O

Semeniuk: N(4S)	+	NO2 →	N2O	+	O
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1. Standard WACCM run (2013)

Jan-Feb Mar-Apr May-Jun

Jul-Aug Sep-Oct Nov-Dec
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2. Moderator run (2013)

Jan-Feb Mar-Apr May-Jun

Jul-Aug Sep-Oct Nov-Dec
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3. Full run (2013)

Jan-Feb Mar-Apr May-Jun

Jul-Aug Sep-Oct Nov-Dec
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ACE-FTS 2013

Jan-Feb Mar-Apr May-Jun

Jul-Aug Sep-Oct Nov-Dec


