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High-latitude observations of fluorescent nitric oxide gamma bands were made before and during a 
strong magnetic storm with the Ogo 4 ultraviolet spectrometer. Brightness measurements of the (1-0) 
gamma band of nitric oxide indicate a slow buildup of NO during the disturbed period. The NO column 
densfty reaches a value as high as a factor of 8 greater than the mid-latitude value and shows no 
correlation with the brightness of the instantaneous aurora. A time-dependent model calculation indicates 
that the ionization and dissociation of N•. by auroral electrons can increase the NO and NOS) densities. 
This increase is dependent on the intensity and duration of the auroral precipitation and on the branching 
ratio of N(•'D) production by dissociation of N•.. A steady state is not reached for NO until 10 • s in an 
aurora characterized by an energy flux of 10 ergs/cm •' s. In that case the NO equilibrium density at 110 km 
ranges between 3 X 108 and 6 X 109cm -a, depending on the model adopted. Dissociation by the solar 
ultraviolet radiation competes with horizontal and vertical transport as a loss process for the nitric oxide 
produced by the aurora. A high NO +/O•. + ratio is to be expected in the period following a strong auroral 
precipitation. 

INTRODUCTION 

Rocket and satellite measurements of the intensity distribu- 
tion of the nitric oxide gamma bands in the dayglow have been 
used successfully to determine the density and distribution of 
thermospheric NO at middle and low latitudes. Current theo- 
retical models can account for the observed density of nitric 
oxide by assuming that NO is produced by the reaction of O2 
with atomic nitrogen in the ground state NOS) and in the 
metastable state N(2D) [Norton and Barth, 1970; Oran et al., 
1975; Rusch et al., 1975]. The production of nitrogen atoms 
results from the direct dissociation of N2 as well as from 
charge transfer reactions of O + and N2 + with ambient neutral 
atoms and molecules followed by dissociative recombination 
of NO + . The energy necessary to partly dissociate and ionize 
the neutral atmosphere is provided by the solar ultraviolet 
radiation. 

In the last few years, various observations have indicated 
that the abundance of NO increases at high latitudes and that 
ionization by auroral particles may play an important role in 
the chemistry of N and NO. Recently, satellite measurements 
of resonance scattering of the NO gamma bands at high lati- 
tudes have been reported by Rusch and Barth [1975]. They 
found the NO concentration, on the average, to be 3-4 times 
higher in the polar region than at mid-latitudes and variable in 
time and space. Their measurements also indicated that the 
nitric oxide enhancement is not confined to the auroral oval 

but extends poleward and equatorward. 
In this paper we analyze Ogo 4 twilight spectra of the NO 

gamma bands taken at high latitudes just before and during 
the geomagnetic storm period October 28 through November 
6, 1968. Occasionally, IBC II sunlit auroras were observed, as 
evidenced by the brightening of the other auroral features. 
Even in such circumstances the nitric oxide column density 
remains less than 10 •5 molecules/cm 2, corresponding to an 
enhancement of less than a factor of 10 over low-latitude 

values. We investigate whether auroral activity increases the 
density of NO at high latitudes. Since the buildup of NO is 
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very slow, a time-dependent approach is necessary to model 
the behavior of nitric oxide in the aurora. The model devel- 

oped here predicts NO density enhancements compatible with 
the Ogo 4 observations and indicates that the atomic nitrogen 
density increases significantly at low altitudes through auroral 
precipitation. This paper does not address itself to the results 
of mass spectrometer measurements in the aurora. That prob- 
lem has recently been discussed by Hyman et al. [1976]. 

OBSERVATIONS 

Spectra of the ultraviolet airglow were obtained between 
August 1967 and January 1969 by the University of Colorado 
ultraviolet spectrometer on board the Ogo 4 satellite. In par- 
ticular, twilight measurements of the nitric oxide gamma 
bands were made at different latitudes in a band 85 ø on either 

side of the equator. The NO gamma bands are excited by 
resonance scattering of sunlight in the wavelength region 
2100-2500 A. During the period October 26 to November 6, 
1968, the spacecraft crossed the evening terminator in the 
southern hemisphere and the morning terminator in the north- 
ern hemisphere. The geomagnetic latitude of the twilight ob- 
servations varied between 85 ø and 37 ø, but only data gathered 
between the pole and the equatorward boundary of the auroral 
oval were considered for this analysis. 

This period of time is of special interest, since the period 
October 20-28 was magnetically very quiet (Kp < 3) but was 
suddenly followed by a sequence of strong polar substorms. 
The activity culminated on November 1, when Kp reached a 
value of 8. The global geomagnetic storm which resulted was 
the greatest in 1968. Data were collected during the whole 
period except for two gaps on October 27 and November 2 and 
3 due to the spacecraft mode of operation. 

The emission of the NO • (1-0) band at 2150/[ was deduced. 
from the observed intensity by using the preflight calibration 
of the instrument. At twilight the signal is due to the sum of 
resonance scattering of nitric oxide above the shadow height 
and the residual contribution of Rayleigh scattering from the 
lower atmosphere. In Figure la the NO • (1-0) intensity 
obtained after subtracting the background is plotted versus 
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Fig. 1. (a) Emission rate of the NO 7 (1-0) band in the high-latitude twilight. Solid circles indicate morning twilight, 
and triangles indicate evening twilight. The dashed line indicates the average intensity observed at mid-latitudes with the 
same instrument. (b) Auroral electrojet index AE (hourly average). 

time for solar zenith angles (SZA) ranging from 93 ø to 96 ø, 
which correspond to shadow heights between 65 and 90 km. 
Evening and morning twilights are shown together, although 
different symbols have been used for each. The average mid- 
latitude value of 0.75 kR, measured by Rusch [1973] with the 
same instrument, is indicated by a dashed line for comparison. 

The emission rate 4•rl of the (1-0) band is converted into a 
NO column density rt by the relationship 4•rl = grt, where g is 
the emission rate factor. A column density scale is plotted at 
the right of Figure la by using g = 8.2 X 10 -6 pho- 
ton/molecule s for an optically thin atmosphere [Cravens, 
1976]. This value is about twice as large as Pearce's [1969] 
result but is in agreement with earlier values [Barth, 1966]. 
Figure lb shows the variation of the hourly auroral electrojet 
index AE for the period of time considered here [Allen et al., 
1973]. Several conclusions can be drawn from this figure. 

1. The amount of nitric oxide in the atmosphere is greater 
at high latitudes than at mid-latitudes, even in magnetically 
quiet periods. 

2. The column density gradually builds up and is enhanced 
by a factor of 4 during strong auroral activity. If the vertical 
distribution is the same as that at mid-latitudes, the NO den- 

sity at 110 km varies between 0.9 and 4 X 10 • cm -3. 
3. There is no systematic difference in the NO density 

between the morning and evening twilights, although they 
occur in different hemispheres. 

4. The amount of nitric oxide slowly decreases during the 
recovery phase of the storm. 

On several occasions, sunlit auroras were seen in the field of 
view of the instrument at twilight as indicated by the N2 
Lyman-Birge-Hopfield and [O I] 2,1356-/• emissions. In Figure 
2 the intensity of the NO 'y (1-0) band is plotted versus the 
[O l] ?,1356,• emission rate for SZA between 95 ø and 96 ø. 
There is no systematic relationship between the brightness of 
the two emission features, although the ?,1356-/i• emission, 

which is mainly excited by auroral secondary electrons, is a 
good ind_icator of the intensity of the auroral precipitation. The 
highest )x1356-• intensity is of the order of 2 kR, correspond- 
ing to an N2 + )x3914-• emission rate of about 25 kR, using the 
ratio measured by Miller et al. [1968]. Thus although the 
amount of nitric oxide at high latitudes is controlled by the 
auroral activity, there is no direct relationship to the in- 
stantaneous auroral brightness. This is of importance when 
discussing the auroral nitric oxide chemistry. In the next sec- 
tion we shall investigate whether the auroral precipitation 
enhances the amount of nitric oxide in the high-latitude atmo- 
sphere. This requires solving the time-dependent continuity 
equation for ions and odd nitrogen species. 

THE AURORAL CHEMISTRY MODEL 

In order to compare the preceding results with theoretical 
calculations of the NO density in the aurora a time-dependent 
calculation of the auroral composition has been carried out. 
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Fig. 2. Intensity of the NO 7 (1-0) band in the high-latitude twilight 
versus the intensity of the O I X1356-A emission. 
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The background atmosphere of N,., O,., and O is taken from 
dacchia [1971] for an exospheric temperature of l100øK. The 
density of these species was held constant with respect to time 
or auroral activity, a reasonable assumption below 200 km as 
indicated by Hays et al. [1973]. Little is known about eddy 
diffusion above the turbopause and its role in vertical trans- 
port of NO at l l0 km. The effect of molecular diffusion is 
probably more important and has a characteristic lifetime, r -• 
HVD, of the order of 2.4 X l05 s. Neglecting diffusion in the 
following calculation is thus justified in the time scale of au- 
roral events. The continuity equation 

c•[Nt]/c•t = P(Nt)- L(Nt) (1) 

where P and L are the total production and loss rates of 
species Nt, respectively, is solved simultaneously for NO +, 
O,• +, N,• +, O +, N +, electrons, NOS), N('•D), and NO. The list 
of important reactions and rate coefficients is given in Table 1. 
We assume that dissociative recombination, NO + + e, yields a 
fraction, f• - 80%, of N('•D) atoms (D. Kley et al., unpub- 
lished manuscript• 1976). No experimental determination ex- 
ists for the branching ratios of the other reactions producing 
nitrogen atoms. In this model we assume an efficiency fa of 
100% for the production of N('•D) by the reactions N,• + + O 
and N + + O,•. The reaction between O + and N,• is not energet- 
ically able to yield N('•D) atoms. 

Since the electron temperature is not calculated in the 
model, the temperature dependence of dissociative recombina- 
tion coefficients is estimated by using a T -• dependence. The 
value at 300øK [Biondi, 1969] is compatible with recent labora- 
tory determinations and is a satisfactory approximation for 
our purpose. As will be discussed later, reaction (R13) may be 
an important loss process for O,• + ions. Calculations by Wat- 
son et al. [1967] indicate that about 40% of the O0• + may be 
produced in the atIIu state. For the sake of simplicity we 
assume that all the O,• + ions are in the ground state, and the 
rate coefficient is chosen accordingly [Lindinger et al., 1975]. 
The value of 1.6 X 10 -•0• cm a s -• used for the deactivation 

coefficient of N('•D) by atomic oxygen (reaction (R17)) is 
compatible with the analysis of the N('•D) nightglow when a 

production efficiency of 80% of N('•D) by NO + recombination 
is assumed [Tort et al., 1976]. This value is also in good 
agreement with a laboratory measurement by Davenport et al. 
[1976]. 

The ionization profile adopted here is deduced from the N,• + 
?,3914-• altitude distribution measured by Donahue et al. 
[1970] and scaled to various values of the precipitated energy 
flux. Since the shapes of the ionization cross sections ofN,•, O,•, 
and O are similar [Kieffer and Dunn, 1966], production rates 
can be deduced from the X3914-• volume emission rate scaled 
by the density of target particles and the magnitude of the 
relevant cross section [Vallance-Jones, 1974]. The value of 14 
for the ratio of the N,• ionization cross section to the X3914-,• 
excitation cross section for electron impact measured by Borst 
and Zipf[1970] is adopted. Consequently, the following equa- 
tions are deduced for the volume production rates r/of individ- 
ual ions by electron impact: 

rt(N,. +) = 11rt(X3914) 

n(N +) = 0.32n(N,. +) 

n(O,. + ) = 0.94rt(N,. +)([O,.]/[N,.]) 

rt(O + ) = 0.78rt(N,. +)([O]/[N,.]) + 0.49,(0,. +) 

where r/(X3914) is the volume emission rate of N,. + X3914-• 
photons. N("D) and NOS) atoms can be produced by the 
dissociation of N,. by electrons: 

(R21) N,. + erast ;• N("D, iS) + N("D, iS) + era,t 
and 

(R22) N,. + era,t -• N("D) + N + + e + eta,t 

The fraction f,. of nitrogen atoms in the N("D)state produced 
by reaction (R21) is unknown and is a parameter in this 
calculation. However, there are theoretical grounds for ex- 
pecting f,. -• 0.5 [Oran et al., 1975]. We arbitrarily assume that 
reaction (R22) produces only NCD) atoms. Since the total 
dissociation cross section of No. by electrons has a peak value 
close to that of the ionization cross section [Winters, 1966], we 

TABLE 1. Reactions and Rate Coefficients with References 

No. Reaction 

(RI) NO + + e • N("D, 4S) + O 
(R2) N,. + + e -• N('D) + N 
(R3) O,. + + e -• O + O 
(R4) N + + O,.-• O,. + + N("D) 
(R5) N + + NO-• NO + + NOS) 
(R6) N + + O,.-• NO + + O 
(R7) O + + N,.-• NO + + NOS) 
(R8) 0 + .Jr- 02 .•} 02 + .Jr- 0 

(R9) N2 + + O • NO + + N(iD,'4S) 
(R10) N2 + + O2-• O2 + + N2 
(gll) N2 + + NO-• NO + + N2 
(R12) 02 + + N2-• NO + + NO 
(R 13) 02 + q- NO -• NO + q- 02 
(Rl4) 02 + + NOS)-• NO + + O 
(RI5) N(2D) q- 0 2 • NO q- O 
(R16) N(2D) + e -• NOS ) + e 
(R17) N(2D) + O--, NOS ) + O 

(RI8) N("D) + NO-• N,. + O 
(R19) NOS) q- 02 4 NO q- O 
(R20) NOS) + NO • N2 + O 

Rate Coefficient, 
cm a s- • Reference 

4.0 X 10-7(300/T) 
3.0 X 10 -7 

2.0 X 10-7(300/T) 
2.8 X 10 -•ø 
8.0 X 10 -•ø 
2.8 X 10 -•ø 

1.• X 10-•'(300/T) 
2.0 X 10-n(300/T) ø'• 

1.4 X 10-•ø(300/T) ø-" 
6.0 X 10 -• 
3.3 X 10 -lø 
3.0 X 10 -•7 
4.4 X l0 -•ø 
1.8 X 10 -•ø 
5.0 X l0 -•2 
2.0 X 10 -• 

1.6 X 10 -12 

7.0 X 1 

2.4 X 10 -• exp (-3975/T) 
1.5 X 10- 

see text 

see text 

see text 

Lindinger et al. [1974] 
Goldan et al. [1966] 
Lindinger et al. [1974] 
Lindinger et al. [1974] 
Lindinger et al. [1974] 

McFarland et al. [ 1974] 
Johnsen et al. [ 1970] 
Fehsenfeld et al. [1970] 
Norton and Barth [1970] 
Lindinger et al. [1975] 
Goldan et al. [1966] 
Lin and Kaufman [ 1971 ] 
Henry and Williams [ 1968] 
Davenport et al. [1976] and 

Torr et al. [1976] 
Lin and Kaufman [ 1971 ] 
Wilson [ 1967] 
Phillips and Schiff[1962] 
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F]•. 3. Alfimd• distribution o• •h• production ra•s o• N(•) and 
N(;•) after 6 rain o• •0 •r•s/cm; s •l•c•ron precipitation. Numbers 
r•r •o •h• r•acfions lis•d in Tabl• • and in •h• •x•. 

assume that the dissociation rate of N•. and the production rate 
of N•. + are equal. Consequently, 

and 

2(1 - fi.)r/(Ne +) 

r•(N'O) = 2fi. r•(N, + ) + r•(N +) 

: (2f•. + 0.32)•(N•. +) 

In order to investigate the effect of different auroral activity 
levels the ionization rates deduced from the X3914-,• profile 
have been divided or multiplied by powers of 10. The profile 
measured by Donahue et al. [1970] corresponds to an IBC I 
aurora with a slant X3914-• intensity of 0.8 kR. By using a 
value of 810 R ergs/cm •' s [Deehr and Egeland, 1972] for the 
efficiency of energy conversion into X3914-• photons we 
found the energy flux of this aurora to be about 1 erg/cm •' s. 

The continuity equations have been solved numerically by 
the finite difference method for the nine time-dependent spe- 
cies. The time step of integration is calculated to insure charge 
and mass conservation and to provide the required accuracy of 
the results [Frederick, 1975]. The values of the initial ion and 
electron densities are the same as those described by Jones and 
Rees [1973]. The aurora is simulated by turning on abruptly 
the ionization pro, file described above. For simplicity we have 
assumed that the precipitation remains constant in flux and 
energy for periods exceeding 106 s. After a short time (-• 100 s), 
the calculated ion densities become independent of the initial 
conditions. The initial nitric oxide profile is that of Meira 
[1971] rescaled to account for the new value of the g factor. 
The adopted NOS) profile is deduced from the average NO 3/ 
nightglow emission profile observed by the TD-1 ultraviolet 
experiment by using the method described by Gdrard [1975]. 
However, the NOS) distribution has been normalized to the 
value of 7 X 106 cm -a at 200 km deduced by Torr et al. [1975] 
from the analysis of the ion densities measured by the Atmo- 

. 

sphere Explorer-C satellite. This implies a decrease by a factor 
of 2 of the TD-1 profile. 

RESULTS 

Figure 3 illustrates the relative importance of the various 
mechanisms producing atomic nitrogen in a 10 ergs/cm •' s 
aurora for fl. = 0.5. In this case, reactions (R1), (R9), and 
(R21) produce most of the N(•'D) at all altitudes. Reactions 
(R1) and (R21) dominate the NOS) production at low alti- 

tudes; the importance of reaction (R17) increases with alti- 
tude. In this model, 1.6 N(•'D) atoms are produced for each 
NOS) atom. The N(•'D) + O•. reaction is the main source of 
NO below 140 km, but above this altitude, NOS) + O•. domi- 
nates the nitric oxide production. 

Figure 4 shows the variation of the NO and NOS) densities 
at two altitudes as a function of time elapsed after a 10 
ergs/cm •' s aurora is abruptly turned on. At 110 km the nitric 
oxide starts increasing noticeably after 100 s at a rate depend- 
ing on the value of fl.. A steady state is eventually reached after 
a time period depending also on fl.. This growth of nitric oxide 
is due to (1) the enhanced dissociation and ionization of N•. by 
auroral electrons increasing the N(•'D) production rate and (2) 
more NO molecules than NOS) atoms being produced in the 
aurora, although the loss rates of NO and NOS) are nearly 
equal. The NOS) density is more altered than the NO density 
and reaches a maximum of 1.5-3.5 X 10 ? cm -a after 8 X 11Y to 
2 X 11Y s. This dramatic effect is due to the low value of the 

initial NOS) density used in the model. Later the NOS) de- 
creases and finally stabilizes. The time variation of NO and 
NOS) can be adequately described at 110 km by the following 
simplified equations: 

a[NO] 
c9t 

and 

= eNo- {k•.o[NOS)] + kx,•[O?] + kx,•[N(•'D)I}[NO] 

(2) 

a [NOS)] 
at = PN,,s•- k•.0[NO][NOS)] (3) 

Since both PN•,s) and PNo exceed the loss rate (essentially 
k•.0[NO][NOS)] during the first minutes, both [NOS)] and 
[NO] increase with time. Consequently, since ?No and ?N•4s) 
are nearly constant after a few seconds, at a given time, PN{4s• 
= LN•,s), and (a[NOS)]/at) is zero and then turns negative. At 
this moment, (a[NO]/at) is still positive and [NO] continues 
to increase, although it is temporarily slowed somewhat by the 
k•.0[NO][NOS)] term. Eventually, both densities will stabilize 
when (a[NO]/at) = (a[NOS)]/at) = 0. At 150 km the NOS) 
density decreases with time because of the arbitrary choice of 
the initial profile used in the model and stabilizes after about 
10 • s. Above 150 km the NO production is mainly due to the 
NOS) + O•. reaction. Therefore the NO density is largely 
independent of the intensity of precipitation and the value of f•. 
and converges to the equilibrium density [NO] = (k•9/k•.o)[ O•.]. 
If lower or higher values of initial NOS) density are used, the 
NO curve is nearly unchanged and the NOS) curves coincide 
after some time. Figures 5 and 6 show the altitude distribution 
of NO and NOS) at different times. 

The influence of' the intensity of auroral precipitation on 
nitric oxide is illustrated in Figure 7 for fl. = 0.5. The growth 
rate of NO increases with increasing energy deposition at all 
altitudes. The level at which the NO density stabilizes depends 
on the auroral intensity. A weak subvisual aurora will have 
little effect on NO at 110 km, whereas an IBC III aurora will 
double the amount of NO in about 1 min. 

Figure 8 shows the decay of NO and NOS) when the energy 
flux is reduced from 10 to 0.1 erg/cm •' s. Nitric oxide shows 
virtually no decrease even after 1 day. NOS) reaches a steady 
state after about 20 min at 110 km and 8 hours at 150 km. This 

long lifetime of NO, r = (k•.0[NOS)]) -•, results from the rapid 
depletion of NOS), which is less abundant than NO. 

During the daytime, nitric oxide will be destroyed by the 
ultraviolet solar radiation (X < 1900/•), essentially through 
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Fig. 4. Time variation of NO and NOS) densities at two altitudes for 
various values of the branching ratio f•. 

the predissociation of the b bands at a rate of about 1.4 X 10 -5 
s-' [Cieslik and Nicolet, 1973]. The importance of this process 
will depend on the length of the day and, consequently, on the 
latitude and period of the year. The NO decay due to dis- 
sociation at 110 km is indicated by a dashed line in Figure 8 for 
a 6-hour day (early November at a latitude of 75øN). 

The influence of the past history of the aurora on the ion 
chemistry is illustrated in Figure 9, where the NO + and O•. + 
densities are plotted versus time during the growth and the 
decay of the aurora. The NO +/O•. + ratio starts increasing 11Y s 
after the beginning of precipitation because of the effect of 
reaction (R13). During the decay of the aurora the NO+/O•. + 
ratio reaches values of nearly 40 after 30 s and stabilizes at 
about 20 after 200 s. If the 0.1-erg aurora had not been 
preceded by a stronger precipitation, the steady state ratio 
would be about 4. To discuss the effect of the NO density on 
the NO+/O•. + ratio, the following equation can be written 
when NO + is in a steady state: 

PN(, + = PNO+ + k,a[O•. +][NO] = k•[NO+][Ne] (4) 

with the dominant terms 

PNO' = k,[N•.+][O] + k?[O+][ N•.] + ko[N+][ O•-1 (S) 

200 

=o 6mink 

I0 ergo. cnf z •e• I 

fz = 0.5 

I hr 

106 107 10e 

N(4S) NUMBER DENSITY (cm 'a) 

Fig. 6. Altitude distribution of atomic nitrogen for different times 
elapsed after the beginning of a 10 ergs/cm •' s electron precipitation. 

Thus (4) and (5) yield the following expression for the 
NO +/O•. + ratio: 

R = [NO+] k•a [NO] + (6) 
+ ] kN,, + ] 

which is an increasing function of the NO density. This shows 
that the [NO +]/[O•. +] ratio is not related to the instantaneous 
energy precipitation but depends, through the NO density, on 
the past history of the aurora. These limitations must be taken 
into account when deriving NO densities from the ionic com- 
position [Swider and Narcisi, 1974; Donahue et al., 1970]. 

DISCUSSION 

Our calculations indicate that a major effect of auroral 
precipitation is to increase the density of total odd nitrogen 
species in the 110- to 120-km region. This is caused by the 
enhanced ionization and dissociation of N•. by auroral elec- 
trons which produce, directly or indirectly, N +, NO +, N(•'D), 
NOS), and NO. The increase of NO depends on the intensity 
and the duration of the precipitation. Any value between 0.5 
and 1.0 of the parameter f•. which describes the fraction of 
N(•'D) atoms produced by N•. dissociation is compatible with 
the observations. The observed nitric oxide increase is in 

agreement with the model, although direct comparison is pre- 
cluded by the lack of data for the time variation of the flux and 
energy of electron precipitation. However, note that the NO 
column density predicted by the model for f•. = 0.5 and a 

200 • J I00 • cm '• •(•! • -- J -- IO ,rg, ½m '• •' • 
J --- I erg c• z se• • •/ _••• 

I• -- /--'-- 0.1 erg c• • --(•• /// .• 

io?L / / ...--' •-½ 

,,o ,o. , ,,, ,,, ,,, ,;- •5 •s •7 •e to ø to' to • • • 
• NUMBER DE• (c• s) TIME (sec) 

5. Altitude distribution of nitric oxide for diScrent times clapsod Fi[. 7. Time variation of the nitric oxide dcnsit• at two altitudes for 
after the bc•innin[ of a ]0 cr•s/cm • s electron precipitation. diScrent intensities of electron precipitation. 
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Fig. 8. Time variation of NO and N(4S) densities at two altitudes 
when the precipitated energy flux decreases from 10 to 0.1 erg/cm: s. 
The dashed line indicates the effect of the dissociation of NO by solar 
ultraviolet radiation at 110 km. 

precipitated energy flux of 10 ergs/cm: s is about 1 X 10 TM cm-: 
after 1 hour and 7 X 10 TM cm-: after more than 1 day. These 
values compare favorably with the Ogo 4 observations of 2-6 
X 10 TM crn-: during the storm (Figure 1). A steady state is 
reached after a time that is dependent on the intensity of the 
precipitation, but this plateau is unlikely to be reached in a 
single auroral event, since bright auroral displays generally 
have characteristic times of the order of 10 rain or less. The 

succession of auroras will progressively increase the NO den- 
sity. In any case it appears that [NO] values in excess of 10 lø 
cm -a at 110 km will not be reached in any aurora. 

The chemical decay of nitric oxide is very slow, since the 
N(4S) density stabilizes at a low value soon after precipitation 
decreases. Other, probably more effective, loss mechanisms 
include (1) dissociation of nitric oxide by ultraviolet sunlight, 
(2) vertical transport by diffusion and winds, and (3) horizon- 
tal transport by winds. The chemical lifetime of nitric oxide is 
given by 

tk:o[N(4S)] + kla[O: +]}-• 

and is of the order of 3 X 10 5 s in the above example. The 
lifetime against dissociation is of the order of (2JNo) -1, since 
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Fig. 9. Time variation of the O: + and NO + densities after a l0 

each nitric oxide dissociation leads to a new N(4S) atom which 
will eventually destroy another NO molecule. The effective 
lifetime for predissociation depends on the duration of the day 
and is of the order of 1.5 X 10 • s for a 6-hour day. Vertical 
winds with velocities of a few meters per second can be gener- 
ated above 150 km as a result of local heating by auroral 
particles and perpendicular electric fields [Hays et al., 1973]. 
Their effect on the vertical distribution of minor constituents 

has been discussed recently by Prasad and Furman [1975], who 
found that even wind velocities in excess of 10 m/s have little 

effect on the altitude profile of nitric oxide below 160 km. 

SUMMARY 

This present study shows that the nitric oxide density in- 
creases during auroral activity principally because the bom- 
bardment of the atmosphere by auroral electrons produces 
increased ionization. During the dissociative recombination of 
ionized nitric oxide, more N(:D) than N(4S) atoms are created. 
In the reaction of molecular oxygen, N(aD) atoms produce 
nitric oxide, while N(4S) atoms are the principal agent for 
destruction. The results of this model calculation show that the 

difference between the high-latitude and low-latitude produc- 
tion of nitric oxide is essentially the difference in the ionization 
rates of the two regions. 
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