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Nitrous oxide (N,O)

. gignificant ozone-
epleting substance
— Not controlled by Montreal

Protocol

« 3rd most important
greenhOUSe gaS

— M .
o h|t|gated by Kyoto Protocol
natural sources

Nitrous Oxide (N,0): The pominant
Ozone-Depleting Substance Emitted
in the 21st Century

AR Ravishankara," John S. Daniel, Robert W- Portmann

By comparing the ozone depletion po\eﬂt'\aHﬂigmed anthropogenic emissions of N0 with those
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depleting substance o0 the basis of the extent of
ozone depletion it causes- current.
pogenic ODP-weiah\nd N0 emissions ar® the
jargest of all fhe ODSs and are
‘main the largest for the rest of the 21st centu:
‘W have calculated the ODP of N;O by using
the Garcia and Solomon lWo—dimS'lunBl (@D)
model (1) and references thereind, which is
similar t©© 1s used ;ncvious\y for such cal-
culations (12, 13). The ODP of N2O under cur-

of other ozone-depleting substances, we show that N0 emission currently i the sindle ‘most important rent atmospheri® conditions is com to be

ozone-depletind emission and is expected t0 remain the largest throughout the 21st century-

recovery ne layer from its depleted state and would als0 reduce the anthropoge
of the climate system, representing 3 win-win for oth ozone and climate.

0.017. This value is comparable 10 the ODPs of
many hymmmnm‘“‘ (HCFCs) (3) such,
as HCFC-123 002), 124 (0022), 205ca (0025),
"d 2250 (0033) tat are currently being
phased out under the MP- We conclude that

N0 (@) our similarly calculated ODPs for CFC-12

he depletion of e ratospheric 0200 mpmmsumafsnmmcﬂo,isgm he value of the ODP N0 is robust becauss
i N;O emissions. [(7) and i

referred
toas ozone-depleting substances (ODSs), b= ‘been thought of 2 pnmaﬂ!)'

references therein].
a

natural atmo- (1.03) and HCFC-22 (0.06) agree with the

wasomo(ﬂaemajorcnvimmm\iswﬁomw spmmhﬂﬂwmwoﬁisdmg@ wp\cdvaluﬁ(l);(ii)omlcdﬂpmbyNO,
o has :

20th century- The Montreal Protocol R Sub- un\mg-tmnc\mpmwwm
mmﬁ’\‘hﬂllem the Ozone uycr(l),ME a\sobemeum'nwd(s—m).

from N;O dominaic®
ozone in the ‘mid-stratosphere (13): 2 region well

emerged kumﬁ\:‘llmmmvﬁmﬂ for the Pro- Nitrous oxide shares many imilarities With represented with 2D models; and (iif) ozone
tection of the Ozone Layer (2). The MP has been the CFCs, istorically the ‘dominant ODSs. The reductions bY WN;O ‘have been

mmn&ﬂ:umswn&ngﬁ\ CFCsmdNiomvsystablcinﬂw
rm,wdmm\ﬂﬂﬁomcfd\\maxﬂmmim wheleﬂwyancmi and
bt he histor .

containing
sts(ﬂmﬂhmﬁmi@ownzdcp\eﬁmwﬂ jcals that destroy

{roposphere;

are transported 10 lished study, 1 the best of our knowledge, has

{he stratosphere wher® ey release active cher™ previously ‘presented an ODP for N2O-
'cummdsrw@x chxminﬂhereafew' it factors.

initiated the ‘recovery of the ozone layer: chlorine- OF nitrogen ux'xic@m‘ymd processes- influence the oDP of NzO- At ‘mid-latitudes,

e oDSsto They balt i anropOESH S e ecalyzed ozone GesEldh contributes

of ozone ed
by the release of 2 unit Mass of a chemical at out the ‘natural and anthropogenic emissic
's surface 10 the conceptuall i

therefore no more ly dlfﬁcu\lmanmey are the largest

rel

Unlike CFCs, N?O also has. natural SOUTCES: akin  most 10 depletion in the lowest and upper strato-

¢ spheres, thatis, ‘elow and above {he ozone Max-

lease of a unit fluorocarbon are romide. o1

FC11 (CFCly). ODPs & widely used for o In spite of these <imilarities between N,0  lower than hat of CFCs primarily ‘because only
icy formulation because of their simplicity in quan- and prev'mus\y recognized ODSs and in spite of ~10% of N2O is converted 10 NO,, whereas the
ifying the relative ozone-destroying capabilities recognition of the impact of N0 o0 smato-  CFCS potentially contriouie all their chlorine:

of compounds. spheric 0zone N,0 has not been considered 10 There are important interconnections be-
he s chlori °

wﬁkofc:m(f)mﬂmm bcmODSinmesmwscnsn

‘romine-co source gases-
mmm]y\iml\ydmvyummvin wmz\fwnmc,cnvcnﬁm(l)\wveagwd

ticle 2 (General Obligations) to “AdoPt approp-
riate legislative OF administrative measures -

tween the roles of nitrogen oxides with chlorine

ell
effect of chlqﬁnccaulymd ozone destruction

Ravishankara et al. (2009)




:
Ozone destruction UNIVERSITY OF LEED

N,O is precursor of middle atmos. NO,

N,O + O('D) — 2NO
Ozone hole

NO, destroys stratospheric Os:
NO+O3_)N02+O2
N02 + O —> NO + 02

Previously assumed only surface
sources of N,O

Mesospheric sources now identified




Upper-atmospheric N,O history &
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« Zipf and Prasad (1982) postulated:

— Excited N, from EEP
e + Ny(X1Z,*) — N,(A3Z ) + e

— Reaction with O,

NL(A3E ) + O, — N,O + O

* Produces N,O at around 95km
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Upper-atmospheric N,O history N
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« ~25 years passed without high- ACE-FTS
altitude satellite obs. —

« Semeniuk et al. (2008) reported
stratospheric N,O VMRs of ~5 ppbv
after 2004 SSW

— Suggested mesospheric mechanism:

N(4S) + NO, - N,O+ O ‘

— |n|t|a||y seen as upper atmospheric Credit:A—UniversityofWérlbg
N,O source
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Upper-atmospheric N,O history &

UNIVERSITY OF LEEDS

* Funke et al. (2008) verified ACE data (2004 13)
‘N(4S) + NO, —’ mechanism :
— Via N,O-CH, correlations o [Tl

— Also suggested potential for
the ‘N,(A3%,*) + O, —' source

Altitude (km)

8 3

4of

« Sheese et al. (2016) 50 0 20t i 9
provided first satellite obs. of °
95km N, O o
— Reported mean N,O VMRs "

N, VMR (ppbv)

-

above 20 ppbv

-80 -60 -40 -20 0 20 40 60 80
Latitude (deg)  Sheese et al. (2016)
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Verifying feasibility §
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» To sustain N,O VMRs from Sheese et al. (2016):

— Efficiency factor

N, O prod. rate
a = - : ~ 0.1%
ion pair prod. rate

— Where
N,O prod.rate = [N,0],ps - (N,O loss rate)

— Other constants from standard WACCM output
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Verifying feasibility §

UNIVERSITY OF LEED

* N,O loss mechanisms:

— Photolysis in the stratosphere

N2O + hV — N2 + O(1D) (~90%)

— Reaction with O('D)
Nzo + O(1D) —> N2 + 02

N,O + O('D) — 2NO

Portmann et al. (2012)

* Upper mesospheric lifetime ~10 days
* Lower thermospheric lifetime ~100 days
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Rate of Reaction [sleV!]
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Verifying feasibility

ﬁ
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* |s efficiency factor (a« = 0.1%) reasonable?
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~— lonisation to N, *

‘| -- (extrapolation)

-
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10° 10*

10°

— Recalculate a from first principles

— Cross-section X
electron flux at 100km

— Linear extrapolation

— Integrate up to auroral
energies (~30keV)

* Yields a>0.1%
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Experimental set-up

ﬁ
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Simulation Configuration
1. Standard N(*4S) + NO, — ON
WACCM run NL(A3Z,*) + O, — OFF
2. Moderator N(¢4S) + NO, — OFF
run N,(A3E,*) + O, — ON
3. Full run N(¢4S) + NO, — ON
NL(ASZ ") + O, — ON




Model to satellite comparisons §
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» Added 95km N,O source into WACCM:
N2(A3Zg+) + 02 — Nzo + O

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

Jan-Feb 2013 Jan-Feb 2013
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Zipf: N,(A3%,*)+0,>N,0+0
Semeniuk: N(%S) + NO, > N,0+ O UNIVERSITY OF LEEDS

Interpretation

+ ‘Steady-state’ reached quickly ~ Full run (model)
— Expected for short N, O lifetime

» Abundances do not descend -
as low as in obs.

* N,O minimum seen in WACCM
at ~60km

— Not observed, other sources?

Latitude [deg]

ACE-FTS (satellite)

_Jan-Feb 2013

. Seasonal polar trend notwell 7y |
replicated by model ‘ w
- ‘N(*S) +NO, —~'isby farthe ™ =~
dominant source [ S »

Latitude [deg]
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Zipf: N,(A3%,*)+0,>N,0+0
Semeniuk: N(%S) + NO, > N,0+ O UNIVERSITY OF LEEDS

Future work

 |Investigate other production mechanisms
— Photochemical N,(A) source?

 Perform WACCM simulations for 2014:
— Know to have less EEP than 2013
— Significance of EEP on N,O will be better quantified

* Impact of 95km source on stratospheric ozone
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Zipf: N,(A3%,*)+0,>N,0+0
Semeniuk: N(%S) + NO, > N,0+ O UNIVERSITY OF LEEDS

Summary

N,O source at around 95km via EEP
— Until recently only surface sources considered

N2(A3zg+) + 02 —> Nzo + O
At 90km o ~0.1%

Production mechanism put in WACCM

— N,O observed, but not at mid-latitudes in lower
mesosphere

Next find impact on stratospheric ozone
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1. Standard WACCM run (2013)
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2. Moderator run (2013)
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3. Full run (2013)
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ACE'FTS 201 3 UNIVERSITY OF LEEISS
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