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The following supplementary material provides additional details about our ozone 

depletion potential, ODP, calculations, factors affecting the ODP of N2O, uncertainties 

unique to the calculation of the ODP of N2O, our method of inferring N2O emissions, 

and a comparison of the contributions of the sectoral N2O emissions with the 

emissions of methyl bromide. 

 

ODP Calculation and Important Factors 

 

The Ozone Depletion Potential (ODP) of some ozone depleting substance, ODS, is 

defined by the time‐integrated change of global ozone due to a unit mass emission of 

the ODS relative to that of CFC‐11.  We use steady state calculations to compute the 

ozone changes since our model incorporates a mixing ratio lower boundary 

condition rather than an emission boundary condition.  The ODP of compound X 

relative to the reference gas CFC‐11 is computed using the formula 

 

€ 

ODPX =
mCFC11 × ΔµCFC11 × τX × [ΔO3]X
mX × ΔµX × τCFC11 × [ΔO3]CFC11

 

 

where τ is the atmospheric lifetime, ΔO3 is the change in globally averaged column 

ozone computed by the model, Δµ is the change in the mixing ratio boundary 



condition, and m is the molecular weight of the ODS.  The Δµ’s should be small 

enough that the ozone change is linear in Δµ. 

 

In the ODP calculations we use the model calculated lifetimes for N2O (98 years), 

CFC‐11 (44 years), and CFC‐12 (78 years) and the currently accepted value for 

HCFC‐22 (12 years), whose loss is primarily due to reaction with tropospheric OH.  

(See below for a discussion of choice of lifetimes.)  The perturbations used in the 

calculation are 100 pptv for the halocarbons and 50 ppbv for N2O.  All ODPs are 

computed with respect to ozone changes induced by CFC‐11at 2000 Cly levels and 

background aerosol loading.  The calculated values are shown in Table SI‐1.   

 

SIT‐1: ODPs vs. year of emission and aerosol level 
    1959    2000   
    Background    Volcanic    Background    Volcanic   
CFC‐11    1.02    1.86    1.001    1.39   
N2O    0.026    0.019    0.017    0.009   
1All ODPs are referenced to ozone depletion by CFC‐11 for background sulfate 
loading and Cly values in 2000. 
 
The ODP of CFC‐11 is nearly independent of Cly levels but does increase with 

volcanic loading, as expected, due to the greater activation of chlorine.  N2O, on the 

other hand, has a higher ODP when Cly levels are lower (55% larger for 1959 vs. 

2000 Cly).  The ODP of N2O is also greatly reduced during times of high volcanic 

loading.  All these changes are consistent with the anticipated roles of 

heterogeneous reactions on nitrogen and chlorine species and on the buffering 

effect between NOx and chlorine radicals.  

 

 The vertical distribution of ozone depletion calculated by our model is shown in Fig. 

S1.  The curves are in density units, rather than the percentage contributions that 

are often presented.  To put these depletions in perspective, the right hand panel 

shows the global average ozone profile in this model.  N2O‐induced ozone depletion 

maximizes in the middle stratosphere just above the ozone maximum while CFC‐11‐

induced losses maximize in the lower stratosphere and upper stratosphere (the 



upper stratospheric peak is more evident when viewed as a percentage change).  In 

the lower stratosphere, there are ozone increases from N2O increases due to 

enhanced UV radiation from the ozone decreases above.  This “self‐healing” effect is 

most important at tropical latitudes (not shown).  Also, in the lower stratosphere at 

middle and high latitudes there are complex interactions between chlorine and 

nitrogen radicals and reservoirs that impact the ozone changes. 

 

 

 
Fig. S1 The change in global average ozone due to a 100 pptv increase in CFC‐11 and 

a 50 ppbv increase in N2O for year 2000 levels of source gases and background 

aerosol conditions.  The global average ozone profile for the same conditions is also 

shown. 

 

Uncertainties in ODP estimate 

 

Our calculated ODPs of CFC‐12 and HCFC‐22, using the same model as used for the 

N2O calculation, agree well with the ODPs listed in the Montreal Protocol (1).  

Nevertheless, in addition to the uncertainties associated with the calculation of 

ODPs of chlorine‐containing source gases, the N2O ODP value does have important 



and unique dependencies on sulfate and Cly levels.  Because of the dependence on 

Cly levels, we have chosen to use the ODP calculated at today’s levels in order to 

provide a conservative estimate of the future impact of N2O on ozone.  We also use 

the ODP for background aerosol conditions because of the temporary duration of 

elevated sulfate levels from volcanic eruptions.   

 

N2O, unlike Cly, does not cause enhanced ozone depletion in polar springtime (e.g., 

the ozone hole) and thus will not produce the extremely low ozone levels that 

enhanced Cly does.  This spatial difference leads to a somewhat higher uncertainty in 

the ODP of N2O than for chlorocarbon ODPs since there is less cancelation of errors 

in the calculated ozone depletion. 

 

Inferred N2O Emissions 

 

We infer annual anthropogenic N2O emissions from the highest and lowest mixing 

ratio projections of the A1B, A1T, A1FI, A2, and B1 SRES scenarios (2).  We assume 

natural emissions account for 270 ppbv of atmospheric N2O, the value observed 

during the preindustrial era (3), and that growth above that level is attributed to 

human activity.  Total emissions are then inferred using a 1‐box model and 

assuming an atmospheric lifetime of 125 years for N2O (Volk et al., 1997) from the 

equation 

 

€ 

Et−1 =
µ t − µt−1 exp − 1

τN2O
 
 
 

 
 
 

fτN2O 1− exp − 1
τN2O

 
 
 

 
 
 

 
 
 

 
 
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 (SOM 1)

 

where Et­1 is the emission in kg assumed constant throughout year t­1, µt is the N2O 

mixing ratio at the beginning of year t, τN2O is the lifetime of N2O, and f relates the 

number of kg of N2O to the number of ppb in the atmosphere (assumed to be 

7.75x109 kg/ppb).  A shorter lifetime would lead to larger emissions (see below). 
This method leads to total emissions slightly lower for the 1990s than suggested by 

IPCC (3) (16.0 vs. 17.7 TgN/yr) but in good agreement with those of Huang et al. (4) 



and Hirsch et al. (5).  Inferred anthropogenic emissions for the 1990s are also 

slightly lower than those of IPCC (3) (5.4 vs. 6.7 TgN/yr). 

 

Comparison of influence of sectoral N2O emissions with that of methyl bromide 

 

One of the primary anthropogenic emissions of N2O is associated with food 

production, where the agricultural practice of nitrogen fertilization leads to its 

emission.  Therefore, it is interesting to compare the ODP‐weighted emissions of 

N2O from different sources with those of methyl bromide, which also has 

agricultural and food transport usage (Fig. S2).  Clearly, N2O emissions are much 

larger than those of methyl bromide.  Indeed, most of the individual sectors of N2O 

emissions are larger than the combined emissions of methyl bromide due to 

fumigation and use as feedstock. 

 

 
Fig. S2.  Comparison of the ODP‐weighted emissions of N2O from various sectors 
with the ODP‐weighted production of methyl bromide.  The contribution of N2O 
emissions from the agricultural sector far exceeds the contribution of methyl 
bromide.  Indeed, most of the sectors of N2O emissions outweigh the contribution of 
methyl bromide. Methyl bromide production estimates are for 2005 and are taken 
from UNEP MBTOC report (6); N2O emissions come from IPCC report, Chapter 7 (7), 
and represent annual emission estimates for the 1990s. 
 



Note on N2O lifetimes 
 
We use the 2D model‐estimated lifetimes in the ODP calculations (e.g., 98 years for 

N2O), and to infer N2O emissions we use a lifetime value of 125 years, which is based 

on stratospheric observations (8) and has been used to infer N2O emissions from a 

global network of observations (4).  The shorter value in the ODP calculation was 

used to maximize internal consistency in the ODP estimate and the longer lifetime 

was used to estimate emissions in order to obtain conservative estimates.   

 

From SOMF‐ 1 it is clear that an assumed shorter (longer) N2O lifetime will lead to 

larger (smaller) inferred annual emissions.  Therefore, by using an estimated 

lifetime that is somewhat higher than used in IPCC (3) and WMO/UNEP (9), we 

obtain annual emissions that are somewhat conservative.  The lifetime used here is 

not an upper limit, however.   

 

In the 2D model calculation there is, in general, a negative relationship between the 

lifetime for a gas and the steady state ozone depletion caused by an increase of that 

gas (this is a complex relationship and is dependent on the loss region for the gas 

being in stratosphere).  Thus, when computing the ODP, it is preferable to use the 

model lifetime estimates even if they are somewhat different than the accepted 

values.  IPCC 2007 (3) adopted a value of 114 years for the N2O lifetime, about 14% 

larger than our model estimated value.  Using the IPCC value would increase our 

ODP estimates by this same percentage.  However, since the model lifetime for CFC‐

11 is likely too low by about the same fraction as the N2O lifetime, there is a further 

cancelation of errors if the model lifetimes are used throughout as we have done.   

 
Role of methane changes on ozone depletion 

 

Several studies have shown that changes in methane in the 21st century will also 

affect the evolution of ozone (11).  Methane’s influence on ozone is very dependent 

on altitude. In the troposphere and lower stratosphere it induces ozone production 

via “smog chemistry” (10)), while at higher altitudes it causes ozone losses through 



the HOx radicals produced in its degradation to CO (and from the water produced as 

a byproduct).  The net effect is generally a gain in column ozone due to methane 

increases, both in the stratospheric column and total column (11).  Thus, unlike for 

N2O, a calculated ODP for methane would likely be negative.  Nevertheless, CH4 

should be considered when estimating the long‐term changes in ozone.  In addition 

to these effects of methane on ozone, there could also be a coupling between 

methane (and its breakdown products) and the effectiveness of NOx on ozone 

destruction.  These higher order effects could affect the ODP of N2O during the 21st 

century.  We have not estimated the magnitude of these effects but believe them to 

be small compared with the other uncertainties discussed in the paper (especially 

the emission estimates). 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