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Abstract

The important variables in the problem of ozone reduction by nitrogenr
fertilizers are.regarded to be: f, the atmospheric residence time of
pitrbus éxide; B, the fraction of nitrogen fertilizer ﬁhat is denitrified
within é_few decades; and o, the fraction of denitrified gases that is
nitrous oxide. With thése three parameters, plus the results of the
Climatic Impaét Assessment Program, the time and degree 6f_pzone reduc-
tion can be estimated by ultra-simple equétions, which give about the
.same results as more elaBorate model calculations. At the present state
of uncertainty concefning the global nitrogen balance, this simple

approach may be useful in framing working hypotheses for solution of the

full problem.
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The Effect of Nitrous Oxide on Stratospheric Ozone

This report accepts the results of the Department of Transportation's
v Climatic Impact Assessmént Program CIAP (Gfobecker_gglgl,, i975; National -
Academy of Sciences,‘1975). The findings pertinent to this study are:
(1) “The natural abundance of strafospheric ozone is 1argeiy deter-
v ﬁined-by the balaﬁce between formation from solar radiation
and destruction by the oxides of nitrogen (NO and NOZ;_or NOx).
~ . (2) . Doubling stratosbheric NO, would reduce ozone by about 20 per-
cent, Figure 1.
(3) Stratospheric NOy is primarily produced from the oxidation of
nitrous oxide (N,0) in the stratosphere. -
(4) Atmospheric nitrous oxide is produced from bacterial action
(denitrification) in the soil and in the oceans.
Thé second conclusion above is illustrated by Figure 1 and it is

simply stated by the expression:

1 .
T0. 5 NO (1

In this equation NO, represents the global inventory of.natural nitrogen
-oxides inbthe étratosphere, NO, + ANO, represents a perturbéd global
invehtory of nitrogen oxides sustained over a period of at least 10

years (about three stratospheric residence times for NOyg), O3 represents:
the global inventory éf natural ozone in the stratosphere; and 04 - AO3

is the steady-state ozonc inventory with the NOX perturbation. Further
study of stratospheric ozone is underway, and the fraction 1/5 may be modi-

fied to 1/3 or 1/8 or some other number in the future. However, in view of



uhcertainties in the global nitrﬁgen cycle, it is suggested that‘Equatioﬁ
1 be accepted and used at the present timé.' |

/ One point (+) in Figure 1 corresponds to the reduction in . ozone
caused by doubling fhe amount of nitrous oxide (N20).in the atmosphere
(Vupputuri, 1974). An ozone reduction of 19 percent was found. This
finding and conclusion (3)‘above suggest that the éimple general equation

giving global ozone reduction can be expressed in terms of nitrous oxide,

the primary source of stratospheric NOy.

AO3 A

N20
3 N,0

|
|
w=

(2)

- The present amount of atmospheric nitrous oxide, N,O in Equation 2, is

2
about one-quarter part per million by volume in the troposphere and
decreasing in the stratosphere. The global inventory of atmospheric
nitrogen in N20 is thus 1.3 x lOl5 grams or 1300 MT, millions of metric.

tons (Schiitz et al., 1970).

Nitrogen Fixation

Nitrogen fixation (NF) is the conversion of atmospheric N2 to ammonia,
nitrogen oxides, nitrates, etc. It occurs through the action of soil
bacteria, bacteria in the ocean, other biological agents, lightning,

' coﬁbustion,-and synthetic mnitrogen fertilizer. There are many reovicws

of the global aspects of nitrogen fixation, for example, CAST (1976).

By summing over rccogniécd sources of nitrogen fixation and extrapolating
to global scale, onc can identify about 200 to 300 MI' (as N) per year

as the current rate of nitrogen fization. Other recent reviews are in
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general agreement with the magnitude of recognized global rate of
ﬁitrogen fixation (McElroy, 1975; Burns and Hardy, 1975).

The thermodynamics of ﬁitrogen fixation was reviewed by Safrény
(1974), and he emphasized that.thermodynamic work must be supplied to
bring about the fixation of nitrogen: In terms of thermodynamic
possibility, there is one long recognized exception to this energy
requirement; Alr and water ére unstable Qith respecfbfo becoming dilute

aqueous nitric acid (Lewis and Randall,v1923)f
H.O(R) + N_(g) + 2 0,(g) = 2 H (aq) + 2 NO. (aq) (3)
2 2 2 2 3

At chemical equilibrium at 298°K,.the pressufe.of oxygen at sea level
would be reduced to about 0.02 atmosphere, and the pll of the oceans

would be about 1.5. Fortunately, the atmosphere and ocean are not in
~equilibrium with respect to this procéss. As LeWis and'Randall (1923,

p. 568) remarked: "It is to be hoped that nature will not discover a
catalyst for.this reaction, which would permit all of the oxygen and

part of the nitrogen of the air to turn the oceans into dilute nitric
acid." On the other hand, since chemical equilibrium favors this ﬁrocess,
one should be on the lookout for unknown inorganic or biological
mechanisms that bring about this reaétibn to some degree. If some process
in the ocean catalyzed this reaction to only.a small fractional degree,

it could bg a significant rate of fixation §f nitrogcnvrelative to

identified terrestrial sources.



Denitrification

Denitrification is the natural process by which certain bacteria in
the soil and in the ocean reduce nitrate to gaseous nitrogen, nitrous

oxide, and in some cases nitric oxide NO.

l-o

> N,, No

- Bacteria and
3 organic matter

NO (4)

The term o is the fraction that is N20 in the gaseous products of denitri-
fication, NZO/(N2 + N20 + NO/2). 1In solls o varies with temperature, pH,
moisﬁure, and local oxygén. ‘For example, in a column of soil in the
laboratory at 30°C saturated with water and with oxygen excluded, denitrifi-
cation of an added sample of nitrate was 99 percent complete in 60 hours,
and the products were NZ:NQO:NO in ;he ratio (as N) of 8:6:1 (Bailey and
Beauchamp, 1973). 1In agricultural soil unaer field conditions, denitrifi-
cation occurs primarily where the soils are nearly saturated with water,
where oxygen is largely absent, and where organic matter is avqilab]o

for microbial consumption. The fraction of the nitrégen converted tn.

NZO in the proéess of denitrification () waé estimated to be about 1/16
(CAST, 1976, p. 15). Some measurements indiéate only half as much.
Environmental conditions that favor a large value of o are low temperature,
low pll, and marginal anaerobic conditions; and tﬁcsc factors all lead to

low rate of denitrification (CAST, 1976, p. 15). The fraction of N,0

2

produced when denitrification occurs in the occan is unknown (CAST, 1976,
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pp. 16-18). These considerations suggest the following ranges for the
fraction o

Land : 0.025 < a < 0.1
Ocean : S 0<a<1 (5)

Global: 0.025 < a < 0.4

These global limits are not vigorous upper and lower bounds. They are

‘selected from a list where each higher or lower possibility differs from

‘the previous by a factor of two. It seems unlikely that o could be as

great as 0.8 or as small as 0.012, and thus the numbers in (5) are taken
as a plausible faﬁge.

Added to agricultural soils, as 1ittle.as 1 percent or as much as
75 percent of the nitrogen may be lost to prompt denitrification, but the
a§erage amount is probably about 10 to 15 percent (CAST, 1975, p. 14).
Such deﬁitrification typically occurs within a few weeks after applica-
tion of the fertilizér;

If the'nitrate fertilizer is incorporatéd in annual plants, denitri-
fication is typically delayed by a year or more; as the plant is eaten,
digested, and in part returned to the soil. If this digested nitrogen
is inCorborated in the body of animals, denitrification may be delayed
by a matter of several years. 1f the original soil nitrogenvis incor-
porated in bushes or trees, there may be a delay of several decades
befween fixation énd denitrification. It the.nitraté goes into deep
océén waters, the time for denitrification ﬁay be delayed for 1000 years.
IHCOrporation.of fixed njrrogenvin s0il mincrals or sediments may also
result in a greatly declayed denitrification time. Liu et al. (1976)
have emphasizudAthc importance of the decep ocecan, sediments, and soil

minerals as long-term reservoirs for fixed nitrogen.



For some given application of nitrogen fertilizer, the degree of
denitrification as a function of time might be something like that

illustréted in Figure 2. The time scale is deliberately left unspecified

in Figure 2. Some of fhe fertiliier.is rapidly denitrified in the soil,
some is denitrified at a somewhat slower rate, some nitrogen is incorporated
in plants or_animais and denitrification occurs later, and some is trans-
ported into soil ﬁineralé qr into the deep ocean, where denitrification

ié indefinitely delayed. The fraction B is defined as that portion of the
original nitraté fertilizer that does noﬁ get incorporated in dead
reservoirs or in other words the fraction denitrified within one or two

decades. The symbol T _ is the time for the fraction 1/e of the original

D
material to be denitrified. Unless B is very small, thc discussion could
focus. on the first 1/e fraction denitrified, and the gréat complexities
of the long-lived portion could be deferred for future consideration.
This definition of residence time TD is a bit forced, since the course

of denitrification is almost surely not a first ordef reaction, for
example, Figure 2.

. The products of a given application of nitrogen fertilizer ANF can

be stated in terms of the two fractions, o and B:

.;£:E__>»long—lived reservoirs
- - - 6
AN, - | | - N,, NO (6)
B e e '
b denitrification —
within a few
decades o
—————>-N?O

Thus the production.of nitrous oxide APN 0 from the addition of a quantity
0 9

of hitrogen fertilizer ANF is

%
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N,O

Ae ,0 " aB AN | ‘ | )

The values of o and B are ekpected to be different for different modes
of application of nitrogen fertilizer.

This ‘analysis is not restricted to nitrogen fertilizer. Other modes

of nitrogen fixation, legumes, combustion, lightning, etc. can be dis-

cussed in terms of the fraction B that is denitrified within a few

decades and the fraction a of denitrified gases that is NZO'

'NatufalvAtmospheric Nitrous Oxide

In an oversimplified way, one can write a differential equation for

the global nitrous oxide inventory, N20:

dN,0 . N,0 o ©
dt N,0 T T

where 1/T is the average first-order rate constant for nitrous oxide
destfuction, or T is the "fesidence time" of nitrous oxide. If the
Production fate PN20 and the.destruction rate constant 1/T remained
constant over a long period of time, the nitrous oxide inventory'would
feach a‘steadyéstate.

N,O

P, . = N, O/T _ 9)
5 2

Présumably the‘present-nitrous oxide inventory is at or close to its
steady-state achieved over geological‘time periods. The magnitude of
the invontory is known, and as staLcdvbeforc it dis about 1300 MT (N).
The residence time T Qf nitrous oxide can be estimated in various
ways. An upper,limit on the time can be placed by consideration of thg

stratospheric photolysis and reactions of nitrous oxide. From the
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measured (Ehhalt, 1975) distribution of nitrous oxide in the strato-
sphere, from measured.cross éections for ﬁltraﬁiolet radiation (Johnston
and Selwyn, 1975), and from measured rate constants for reactions of
nitrous oxide with singlet oxygen atoms (Davidson et al., 1976), I

calculate that the maximum lifetime T of N,O is about 160 yeérs. From

2
mo&el Calculationé'Crutzen (1976) finds 140 years and McElroy et al.
(1976) feport.118 yeérs for this quantity. This limit is set from
considéfatidné only‘of the stratosphere. From the variability in
time.and in space in the troposbhere, Junge (1974) estimated the:
atﬁospheric residence time of nitrous oxide to be 8 years, with a
factor of two uncertainty. This estimate of 4 to 16 year residence
time is rounded out to 5 to 20 years in this report. These considera-
tions bracket the possible atmospheric fesidence time of nitrous oxide

as follows:

5 years < 1T < 160 years (10)

- Within the last two years, one writer or another on thils subject has

suggested atmospheric residence times within this range.

Perturbed Atmospheric Nitrous Oxide

. If the global rate of production of nitrous oxide increased from

r to P + AP and if it held constant at the new value for a
N,0 N7 O N,O

time long compared to T, there would be a new steady-state inventory

NZQ’ which for small perturbations would be (PN 0 + APN )T, compare

2 20
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‘Equation 8. In this case, the ozone Equation 2 can be extended to give
AP

%)
'3 -
P ) (11)

'
i
v

The perturbed production rate»APN O‘is related to the perturbed rate of

nitrogen fixation. A strict, detailed account would find this relation
to be exceedingly complicated. However, a gross first-order approximation

is valuable in identifying the important independent variables, and such

a simp1ified relation has been given as Equation.7

APN20'= aB AN, ‘ ' 7

where NF is the rate of fixation of nitrogen in the natural background
situation, NF + ANF is the rate of nitrogen fixation after a step-function
perturbation is carried out, B is the fraction of fixed nitrogen that
is.dénitrified within a few decades, and o is fhe average fraétion of'
denitrification that leads to nitrous oxide. To realize Equation 7 one
must consider timés long comﬁared to the denitification time TD; and to
‘féalize Equatidn 11, one must consider times long comparéd to T plus T

Equations 7 and 9 can be substituted into Equation 11 to give

S 3.1 _Fog a2
3 o '

, fﬁg natural inventory N20 is known, and the increased rate of nitrogen
fixation can be specified to assess its effect.  The three unknowns,
o, B, and T appear as a single product. 1If one takes 100 MT (N)/yr as
the increasad rate 6[ fixation of nitrogen, ﬁquurinn 12 assumes the

numerical form
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A0 2

- —6§-= 1.5 x 1072 aBt (13)
3

where T is in_yeafs.
| Of the three terms, 0, B, T, in Equation 13, the fraction rapidly
(w1th1n a few decades) denltrlfled B is the most difficult to assess.
There are independent physical arguments that set limits on the other
two terms: Equation 5 for d, the fraction-of\denitrificatibn thet yields
NZO; Equation~10 for T, the'aemosphe;ie residence time for NZO.: If one
divides both sides of Equatinn 13 by the unknown fraction B, ene obtains
an upper bound for the ozone reduction, subject to assumed values of «
and T |
i I
',3 B

u»lu

= - 1.5 x 1072 ot (14)

If all increased nitrogen fixation leads to denitrification within a few
decades, fhen the maximum ozone reduction occurs. ‘Otherwise the
reductidn of ozone is less than lfS X 10_2 ot by the factor B.

For an assumed rate of increased nitrogen fixation of 100 MT (N)
yr—l, the maximum percentage ozone reduction is presented in Table 1 for
the range of a (Equation 5) and for the range of nitrous oxide residence
time T (Equation 10). The indicated ozone reduttions vary from 0.2 to
50 percent. Witn such a wide range of possibilities, the subject
appears to be hopelessly amorphous.  However, the situation is not as

indefinite as it seems to be from Table 1.
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‘that suggests such a large source of nitrous oxide, there is no known

process that destroys atmospheric nitrous oxide at such a rate. For
several years, Junge and co-workers (Schitz, 1970) have pointed out the
need to identify a majorbnew~sink for atmospheric nitrous oxide. This

model has the following indications with respect to the natural nitrous

oxlde balance:

- (d1) N Ovproduction occurs lérgely in oceans

N,O fraction in denitrificaﬁion close to 1
in bcean and the expecﬁed 0.05 on land

N.O production rate about 130 MT (N) yr_1

N,O destruction largely by unknown process

. N,O residence time about 10 years

Various Models of Ozone Reduction by Nitrogen Fertilizer

'There have been a number of recent papers and discussions of this
problem, and in many cases the points made by different authors can be
simply expressed in terms of Tables 1 and 2.

In an unpublished memorandum circulated in December 1975, Crutzen

carried out the calculation for the limiting case of only stratospheric

destruction of nitrous oxide, case (i) above. For a steady inpht of
200vMT (N) yr—;1 of fertilizer, he found én upper limit.8 percent ozone
reduction by the year ZiOO and a 14 percent steady—state.ozone reduction.
Fof'the same assumppions (o = .04, B =1, T =130 yr), the simple
Equation 12 gives a steady-state ozone reduction of 16 percent.

Crutzen (1976)>also.explored the Jower.limiting case concerning

atmospheric residence time for nitrous oxide, namely 10 yeara. By
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assuming B to be 1.0, he regarded his calculations‘as giving the upper
limit on atmospheric ozone reduction.A He considered an exponential
growth of nitrogen fg;tilizer‘ﬁroduction from 1975 to 2000 and then
constancy thereaftef. Three values of o were considered, .07, .2, and
0.5. Also one calculatibn was cafried out with nitrous oxide atmospherig‘
residence time T of 20 yeafs and Qith o= 0.2, By the year 2050 steady-
state ozone reductions Wefe between 1.5 and 10 percent.

Liu et al. (1976) rgviewed the entire field and emphasized the large
reservoirs of fixed nitfogen in the deep ocean and in soil minerals. |
These large reservoirs have a very sléﬁ rate of exéhange with biologically
available forms of nitrogen. However the product of the large values
in the reservoirs énd the small rétes of exchange gives a turnover rate
of available nitrogen that is large compared to industrial sources of
fixed nitrogen. They emphasized that unless industrial rates of nitrogen
fixation rate are comparable to the natural turnover rate, "the equilibrium
between living organic, dead organic, and inorganic nitrogen on land and
in'the oceans.will remain unperturbed." For~industrially fixed nitrogen
to have an immediate (decades) effect on atmospheric nitrous oxide, the
added fertilizer would have to follow a mechanism other than the natural
equilibrium between free nitrate and day-bound fixed nitrogen. In the
language of this article, Liu et al. emphasized the quantity 1—8; the
fraction of added fertilizer that enters tﬁe long-lived reservoirs.

Sze and Rice (1976) responded to the suggestions Qf Liu et al. (1976),
but they emphasized the fraction B of fertilizer that is promptly
(decades) denitrified. Tbey made the point that to some extent, the

nitrogen fertilizers applied to agficultural soils have significantly
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differeﬁt histories than nitrogen cycling in patural-ecoéystems. They
asSumedla_ZO.year atmospheric.residence time for nitrous oxide,.and they'v
assumed that the N20 fraction of denitrified gases was 0.26 for both
.1and and.ocean. They considered three diffefent possible values for the

fraction of fertilizer that is promptly denitrified, namely, 0.10, 0.35,

and 0.6. Thus in the ianguage of this article, they coﬁsider the cases

of a = 0.26;_8 = 0.1, 0.35, and 0.6; T = 20 yr; and the rate of applica
tion of nitrogen fértilizet is 200 MT (N) yrnl. For the year 2025, they
calculated ozoﬁe‘feductions from nitrogen fertilizer to be between 1.6
percent and 9 percent. = From Equation 12 one finds ozone reductions
ranging from 1.8 to 10 percent for these same values of a, B, and T.

McElroy et al. (1976) reviewed this.subject with emphasis on the
question of the ocean as a source or sink for nitrous oxide. They
conélude, in disagreement with Hahnt (1974), that the oceans as a whole
are a net sink for atmospheric nitrous oxide. McElroy et al. assume a
20 year atmospﬁeric lifetime for nitrous oxide, a value 6f 0.23 for a
(they stated ig as 0.3 for the rétio of N20 to N2 in denitrified gases),
the value of one for B, and 200 MT (N) yr—1 as fertilizer input. They
conclude that "reductions in ozone of the order of 20 percent during the
firét Half-quarter of the twentieth century, duc to current aﬁd futurc
Qse'of fertiliZer, are not improbable." “For the same values of a, B,
lana T, Equation 12 gives a 14 percent reduction of ozone essential]y in
agrecment with the value déduced by McElroy et al.

’Thus the simple use of Table 1 (subject to restrictions of Table 2)
giveé very héarly the same results as those from extensive model calcu-

lations. The time to achieve the ozone reduction is the sum of the time
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for the fraction B to be denitrified (one or two decades, by definitiom),
the time for the atmosphere to reach equilibrium with respect to the ﬁew
sbyrge qf NZO (T represents the time for this process to go to 1 - 1/e
toward completion), and the time for onné to relax following NO, pro-

duction (a time short compared to the nitrous oxide residence time).

Preferred Range of Values

For nitrogen fertilizer applied to agriéﬁltural soils, the important
values of the fractions a and B concern the agricultural soils and nearby
land and water areas. The values of a and B for the ocean have only
sécondary effect on how much of the fertilizer is converted to atmospheric
nitrous oxide. The oceans could be important in determining the global
atmospheric residence time T of nitrous oxide, and uncertainties about
the role of the ocean leaves this residence time uncertain between the
limits of 10 to 100 years. Nitrogén fertilizer applied to land would
be expected (CAST, 1976) to produce nitrous.oxide between 5 and 10 percent
of that denitrified, a = 0.05 to 0.1, and this range is embraced by solid
lines in Table 3. The upper limit to ozone reduction occurs if all
added nitrogen fertilizer is promptly (decades) denitrified, that is
B = 1. It is my personal judgment that the long-term effect of 100 MT
(N) yr“l of nitrogen fertilizer is given by Tablé 3. There could be a
large (about 10 percent) reduction of ozone, but it would take hundreds
of years to build up to this steady—state. On the other hand, the
ozone reduction could occur within a few decades, bpt tﬁe amount of
ozone reduction is only a matter of‘l or 2 pérccnt;‘ Also, if could be

any values in betwcen, for example, a 5 percent ozone reduction with a
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50 year relaxation time. If a large fraétion, 1-B8, of thé fertilizer

goeé intq deep soil or océanic reservoirs, the short-term ozone rcductions
would be less.by the féctor B. Some models discussed above do not fall
within the solid lines of Table 3; and this merely illustrates that there
are current disagreements.with respect to details of this subject. As

ngw information is‘developed, the actual situation may fall’within.the
sQlid lines of Table 3 or it may be something well off ﬁd one side or

another.

- The Important Variables

Although the actual‘sitﬁation is exceedingly complicated and this
analysis is extremely simple, it is felt that Table 1-3 go a long way
twoard reflecting the broad aépects of current knowledge and uncertailnty
in this problem. The important va?iables are: (1) T, the global atmospheric
residence time of nitrous oxide, which is determined by all the natural
sources and sinks of N20. (2) B, the fraction of nitrogen fertilizer
applied to land that will be denitrified within a few decades, as
opposed to the fraction.l—B that is transferred to long-lived ocecanic
or lithospheric reservoirs of fixed nitrogen. (3) o, the fraction of
denitrified nitrogen fertilizer (or its organic nitrogen descendants)
that is converted to nitrous oxide, as opposed to the fraction 1l-o that
ié produced as N2 or NO., (4) The factor 1/5 connecting ozone decreasc
and Nox increase in Equation 1 and incorpofated‘in Tables 1-3 is subjcct
to.further investigation and refinement. - With these fourlfactors,

"a, B, T, and 1/5, one can simply calculate the long-term ozone reduction

. . . ~1
from any assumed increase in nitrogen fertilizer usage ANF(MT yr " ):
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aBT | _ - (15

For time varying application of fertilizer, this simble equation is,

bf course, not applicable. _It‘is recognized that the terms aland B are
widely variable over -the world, énd'use of loosely definéd_avérage vélues
is not satisfaétory. However, these térms, af present, are treated the
‘same way in detailed model calculations and.in the simple method used
here. Until there are experimental data that give the détailed‘structure.
of the'functions, a and B, this ultra simple method may be éufficient to

answer a number of the questions that may be asked.
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Restrictions Imposed by the Natural Nitrogen Balance

.Although various authqrs and modelers have recently proposed resié
erge‘times for N20 as short . as 5 years and as long as 160 years.and
,althpugh the global average value oﬁfa-could be between 0.025 and 0.4, p
' thgre are many pairs of the variables (a,T) that can be shown to be .

extremely improbable; Some pairs of o and T imply impossible values of
thevnatural rate of nitrogen fixation. The present, natural rate of
nitrogen fixation ﬁF‘depénds on the same variables (Equations 7 and 9):
N, 2 gy, = 2= 100N - @as)
Since the present situation is presumably a steady-state between nitrogen
fi#égion énd denitrifiqation, the factor B should be unity in this
eqﬁation. The rates of nitrogen fixation implied by the various values
of o and T are given in Table 2, which has the saﬁe format as Table 1.

A column is added giving the implied nitrous oxide production rate PN 0
. o )

for each vélue of N20 residence time, T.

, Experts in soil science, oceanography, and rclated sciences can
identify sources of nitrogen fixation that add up to 200 to 300 MI (N)
'yrhl (CAST, 1976). These estimates have increased over the iast decade
as new sources have. been idehtified (compare Delwiche, 1970). The
thermodynamics of Lquation 3'suggestvthe possibility of aﬁ unrecognized
oéednic source of nitrogen fixation. These considerations suggest that
global ﬁitrogen‘fixationvratun between 160‘and 650 in Table 2 be
regarded as Qithin the expected range, but that values above and below
this range arc extremely improbable. The implied nitrogen'fixation rates

between these limits are cenclosed by* a solid line.
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The destruction of nitrous oxide in the:stratosphere sets an upper

limit of 160 years to the atmospheric residence time of N,0, and this

2
quantity is enclosed in dashed lines in Table 2. The situation in the
natural nitrous oxide balance implied by this upper limiting case is
A . .

as follows:

(i)v N20 production occurs almost exclusively on land

NZO fraction in denitrification about 0.05

N20 production rate 10 to 20 MT (N) yr_'l
NZO destruction only in stratosphere

NZO resident time 100 to 160 years

A model can be associated with the 1owe? limit of the nitrous
oxide residence time, which is based on measurements in the atmospheré
and in ﬁhe ocean (Schutz et al., 1970; Junge, 1974; Hahn, 1974); The
eﬁtries in Table 2 inQoiving residence times 5, 10, or 20 years are
circled with a dashed line to illustrate this situafioﬁ. The overlap
between the solid line and dashed lines are the possible cases
gccording to this model. For a 10 year nitréus oxide residence time
and a 300 MT (N) yr_l rate of nitrogen fixation, the implied global
average value for the fraction of nitrous oxide from'dentfification
(o) is 0.4; The indicated value fOr.this factor on land is between
0.05 and 0.1 (CAST, 1976), and this seems to indicate that denitrifi-
cation in the ocean would yield almost 100 percent nitrous oxide.

The rate of production of N,0 according to this model is about 130 MT

2

(N) yr—l, and there must then be an equal rate of natural destruc-

tion of nitrous oxide. Whercas Hahn (1974) has limited oceanic data
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- Figure Titles

Figure 1. The percentage decrease of ozone as a function of the
percentage increase in stratospheric nitrogen oxides as
found by the Climatic Impact Assessment Program, 1975.

The line represents the.equation - A03/0 = (1/5) ANOx/NOX.

3

Figure 2. A semiquantitative statement of the denitrification of a
particular sample of fixed nitrogen added to agricultural
soil. A portion is rapidl& denitrified, the fraction B is
denitrified over a relatively short period of time (a few
decades), and the fraction 1-B is converted to long-lived

reservoirs of fixed nitrogen.
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Table Titles

. Table 1. The maximum (B = 1) percentage reduction of ozone for
. varioué possible values of nitrous oxide lifetime T, for
 various fractions, o = N20/(N20 + NZ)’ following denitrifi-
cation, and fof addition of 100 MT (N) yr”1 of nitrogen

fertilizer.

v Table 2. The natural global rate of nitrogen fixatioﬁ impliéd by
the values of a and T in Table.l. fhe probablevraﬁge of
o on land. Tﬁe possible range of a including land and
ogean; The global rate of production of.nitrous oxide
implied by the residence time T. The solid line encloses
rates of nitrogen production consistent with present
knowledge. The dashed lines indlﬁdé two models 6f

- atmospheric N,0 lifetime.

2

Table 3. fable 1 reduced to range of probable values preferred by
this author for nitrogen fertilizer applied.to land. At
. ' one extreme there is a relatively laige ézone reduction and
a long time of attainment of the ozone reduction.. At the

- other extreme there is a small ozone reduction but much

sooner realized.
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