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ABSTRACT 

Recent measurements of chemical reaction rates have greatly reduced the modeled sensi
tivity of stratospheric ozone toward injections of N0 X (N0 X = NO + NO2) in amounts comparable 
to the natural H0 X inventory. Most of this reduced effect results from interference between 
N0 X and H0 X catalytic ozone destruction mechanisms. For very large N0 X injections (such as 
might be generated from a major nuclear exchange involving devices of greater than one megaton 
yield) the interfering processes saturate and large ozone depletions are still computed. 
Smaller total injections or lower altitude injections (such as might be generated by sub mega
ton devices) have much lesser computed effects. 

INTRODUCTION 

In the early seventies, the important role of N0 X in regulating stratospheric ozone was 
recognized [7,14] and potential anthropogenic sources of N0 X comparable to the natural sources 
have been identified. These anthropogenic sources of N0 X have included emissions from super
sonic transports [11,14,18], N 20 produced as a result of denitrification from fertilized 
soils [8], N0 X from past nuclear tests [10], or from a future nuclear war [12]. 

Largely as a result of the incorporation of recent measurements of chemical reaction rates 
that had previously been poorly known [2,9,13,17], model predicted ozone reductions from N0 X 

sources designed to simulate a stratospheric aviation effluent [1,20,23] N 20 increases [15] or 
nuclear tests [4] have been greatly reduced, and ozone increases are calculated for some 
scenarios. However it has been estimated that the N0 X input to the stratosphere after a 
nuclear exchange might be nearly two orders of magnitude greater than that produced by the 
other hypothesized N0 X sources [16,19,22]. Because the processes that have led to major 
changes in model sensitivity to other types of N0 X injection might be overwhelmed by such per
turbations, we have reinvestigated model response to very large N0 X pulse injections compar
able to those that might be produced in a nuclear exchange. 

METHODOLOGY 

We have used our 1-D atmospheric model [4,5] using the Chang [3] K z to examine its 
response to large pulse NO x injections. The reaction rates are the same as those given as 
1977 chemistry in Chang et al. [4] with the following exceptions: 

The perturbations we considered consisted of pulse injections of N0 X into the layers 9.5-
16.5 km (approximately the stabilization altitude range of the debris from a 0.25 megaton 
weapon detonated near the surface) 12.5-21.5 km (the approximate stabilization 
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TABLE 1. 

Reaction 

0 + HO •* OH •(• 0 2 

OH + H0 2 •+ H 20 + 0 2 

NO + H0 2 + H0 2 + OH 
N + 0 3 •* HO + 0 2 

CO + OH + CO + H 
NO + CIO ">• H0 2 + CI 

K0 2 + CIO + M -*• C1N03 + M 

C1N0 3 + 0 •* CIO + NO 
H 2 0 2 hv -f 20H 
0 3 + hv -f 0 2 + 0( 1D) 

3.5 x 10 
3.0 x 10 

«-12 

-11 
-11 

8 x 10 
2 x 10' •11 -1070/T 

-13 -33 
1.4 x 10 + 7.3 x 10 M 
1 x ID" 1 1 e + 2 0 0 / T 

3.3 x IP' 2 3 T- 3- 3 4 

1 • 8.7 x 10" 9 T" 0- 6 M 0- 5 

3 x lO" 1 2 e - 8 0 8 / T 

[17] 
We now use Quantum yields from 
Demore et al. [9] 

aThese changes were made to bring us into consistency with the recommendations of Demore et 
al. [9]. 
''Based on our evaluation of recent measurements. 

altitude expected for a 1 megaton weapon), and 17.5-28.5 km (the approximate stabilization 
altitude expected for 4 megaton weapons). The total amounts of N0 X injected corresponded to 
that expected if 6.7 x 10 3' molecules of NO are produced per megaton of yield [6], and that 
yield is distributed uniformly over the Northern Hemisphere. NQ X injections corresponding to 
total nuclear yields of 100, 1000, 5000, and 10000 megatons were considered for each of the 
three injection altitudes. 

RESULTS AND DISCUSSION 

Very large ozone reductions were calculated for the largest total yield (lO1* megaton) 
scenarios for the injection altitudes corresponding to those expected for 1 or 4 megaton yield 
weapons (Fig. lb,c). In fact, the absolute ozone depletions calculated here are little dif
ferent from those we would have obtained in 1975 for a 10 megaton pulse from either 1 or 4 
megaton weapons. In contrast, current calculation for even the largest injections at the 
lowest altitude range led to relatively modest ozone perturbations, (Fig. la). 

Before we analyze these results, we will note that none of the injection scenarios is a 
plausible representation of a real nuclear exchange. These injection scenarios are designed 
to explore the effects of a range of device yields and total nuclear yields intended to cover 
the range that might be plausible. For example, 10 megatons at 0.25 megaton/warhead implies 
4 x 101* warheads. Current estimates give the combined total for the U. S. and USSR as 
slightly more than 1.3 x 101* warheads [21], In any case, it seems unlikely that weapons of a 
single effective yield would be employed. These calculations provide an investigation of the 
effects of total injection, strength and altitude of injection, and are not intended as realis
tic scenarios. 

In order to understand the small change (since 1975) in model sensitivity to very large 
KOJJ injections in the middle stratosphere, it is necessary to understand the sources of 
altered model sensitivity to smaller injections. 

Two factors have been materially affected by changes (since 1975) in chemical reaction 
rates involving HO2 used in the model. 

Use of 3 x 1 0 - 1 1 cm3/sec [9] rather than 2 x 10~ 1 0 cm3/sec for the reaction: 
ffl>2 + OH ->• H 20 + 0 2 
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FIGURE 1. Calculated ozone deple
tion vs. time for (a) 0.25 megaton 
yield weapons, (b) 1.0 megaton 
yield devices, (c) 4 megaton yield 
devices. 10 2 megatons total 
nuclear yield; 10 3 megatons 
total nuclear yield; — • — 5 x 10 3 

megaton total nuclear yield; : 
10* megaton total nuclear yield. 

has substantially increased the computed concentrations 
of H0 X radicals in the model stratosphere. As a result 
reactions of H0 X radicals with 0 and O3 are more impor
tant sinks for ozone in current models than they used to 
be. 

Use of 8 x 1 0 - 1 2 cm3/sec [13] rather than 2 x 10" 1 3 

cm /sec for the reaction: 

HD 2 + NO -»• H0 2 + OH 

has caused H0 X and N0 X catalyzed ozone destruction cycles 
to interfere with each other to a greater extent, and has 
increased the efficiency of the N0 X enhanced methane 
"smog" mechanism for producing ozone. Both H0 X catalyzed 
ozone destruction and methane "smog" ozone production are 
important in the lower stratosphere, and the use of newer 
data for HO2 reactions has led to a situation in which 
calculated ozone increases below about 20 km can be com
parable to ozone decreases computed in the 20-45 km 
region. (N0 X induced ozone changes above "*• 45 km are 
small for N0 X injections below 30 km.) There is also sn 
interference between N0 X and C10 x ozone destruction 
cycles as a result of the reactions 

and 
NO + C10 -»• H0 2 * CI 

H0 2 + C10 + M -* CINO3 + M 

However, ozone production via the "smog" mechanism 
is ultimately limited by the methane flux, and czone des
truction via H0 X or C10 x cannot be more than completely 
suppressed. Our largest injection scenarios result in 
^ 100 fold increases in the stratospheric burden of NO, 
and more than 10 fold increases in the burden of NO (NO 
= NO + N0 2 + HN0 3 + H0 3 + 2N 20 s). If a large N0 X pulse 
reaches the middle stratosphere, it will cause a very 
substantial computed ozone reduction which can overwhelm 
the relatively modest ozone increases computed in the 
lower stratosphere and troposphere (Fig. 2b,c). 

If N0 X is injected at a low enough altitude, how
ever, most of it is transported into the troposphere 
partly in the form of HNO3 and NO2 where it is assumed to 
be removed by rainout processes. As a result, very 
little is transported into the mid stratosphere where it 
would effectively reduce ozone. Thus the computed ozone 
increases in the lower stratosphere and troposphere are 
the dominant effects even for very large H0 X injections 
below ^ 15 km (Fig. 2d). 

Figure 2a presents our computed ambient ozone profile, the Kj we used. Figures 2b,c,d 
present the computed changes in ozone 0.05, 0.5, and 1 year after the injection for a 10 
megaton total, yield injection over each of the altitude ranges considered. Figures 3a,b,c 
present the computed ozone profiles at 0.5, 5 and 1 year after injection for the three 101* 
megaton injections. If one examines FigB. 2b and 3a (4 megaton yield) one sees that at early 
times, ozone is greatly depleted in the region of the initial injection, and substantial 
changes occur in the troposphere as a result of the increase in trospheric photodisaociation 
rates even before any injected N0 X is transported into the troposphere. At later times the 
injected NG X mixes Co higher and lower altitudes, reducing ozone at high altitudes while 
increasing O3 in the lower stratosphere and troposphere. Figures 2c and 3b show similar 
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FIGURE 2. (a) Calculated ambient ozone profile and transport parameter vs. altitude, (b) 
Computed change in ozone vs. altitude 0.05 years; — • — 0.5 years; 1 year 
after lO1* megaton pulse from 4 megaton devices. Vertical bar at right gives stabilization 
altitude. Cc) Same as (2b) except that the injection altitude for 1 megaton devices, (d) 
Same as (2b) except injection altitude for 0.25 megaton devices. 

effects, although tropospheric O3 is affected by injected NO* even at 0.05 years. In Figs. 2d 
and 3c we see that much of the perturbation appears in the troposphere immediately after the 
injection, and relatively small perturbations of ozone above the height of injection. 

CONCLUSIONS 

From these results we see that in contrast to other perturbation scenarios we continue to 
compute very large reductions in stratospheric ozone following a massive pulse injection of 
Npx akin to that expected if several thousand megatons of nuclear explosives in the megaton 
range were to be detonated, although smaller injections or injections from devices of 250 kt 
or less yield would be expected to have a smaller effect on the total column of stratospheric 
ozone. 

The ozone column recovers more rapidly in these calculations than it did in the 1975 cal
culations of MacCracken and Chang [16]. To a very large extent this is a reflection of our 
use of substantially faster transport above 22 km than in the earlier calculations. The 
growth of lower stratospheric ozone increases is a lesser contributor to the faster recovery. 

A major limitation of these calculations is that no attention is paid to interactions of 
changes in Btratospheric chemistry with the atmospheric structure. For perturbations as large 
as some of those calculated here, such interactions might be important. Because of this as 
well as the other limitations of one-dimensional models [4], the computed recovery rates 
should be interpreted cautiously. The computed peak ozone depletions are only weakly depen
dent on the transport parameters, K z, for the very large injection scenarios at the higher 
altitudes. However, both the recovery time, and the computed sensitivity to intermediate 
injections are sensitive to K z since K z influences the residence time of injected N0 X and the 
ambient distributions of N0 X and other species. 
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FIGURE 3. (a) Calculated ozone concen
tration vs. altitude, before, 
0.5 years after, — • - 0.5 years after, 
and 1 year after a H r megaton 
total yield pulse from 4 megaton devices, 
(b) Same as (3a) except injection alti
tude for 1 megaton devices, (c) Same az 
(3a) except injection altitude for 0.25 
megaton devices. 
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