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Sunrise E-Region Enhancements From
Aurorally Increased NO: Theory

L. INTRODUCTION

Nitric oxide is a minor, but important, constituent of the atmosphere up to
approximately 150 km, This ubiquitous gas can contribute to ozone destruction in
the stratosphere. In the E-region, the present subject, NO functions in several
ways. In the normal daytime E-region, the role of nitric oxide is confined mainly
to converting ( /) ions into NO' ions. These two ions are the major ionic species
except in cases of sporadic-E layers which may consist primarily of metallic ions.
The ( _', to NO  conversion process impacts upon the mean recombination coeffi-
cients in the E-region, but not in an overwhelming way, since the dissociative
recombination rates of these species only differ by a factor of two. Nitric oxide
has a more significant role at ni;_{ht1 and twilight.2 however, since this gas is
ionized by solar hydrogen Lyman alpha radiation, Hlye, which is present at night
due to scattering effects, and because at twilight the direct solar Hl.yo photons
easily penetrate into the lower E-region in contrast to radiation which ionizes O,
0,, and .'\'2.

)

4

(Received for publication 15 September 1977)

1. Nicolet, M. (1965) lIonospheric processes and nitric oxide, J. Geophys. Res.
70:691-701.

2. Swider, W. (1965) A study of the nighttime ionosphere and its reaction rates,
J. Geophys. Res., 70:4859-4873,
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20 CALCULATIONS

The nitric oxide profile adopted in the computations is that reported by
Mvirn:{ for 85-105 km, diffusive equilibrium being assumed for the higher altitudes.
The specific values, in units of 107 (-m-:{, were 1.5 3.0, 6.0 9.0, 10.0, 9.0,
5.12, 3.44, 2.64, 2.16, 1.79, 1.53, 1.3 and 1. 13 for altitudes 85-150 km in 5 km
intervals. The scattered radiation intensities for Hl.ye and HIL v/l at night are
those chosen by Keneshea et al, A namely 1 percent and 0.4 percent of the noon
(x ~ 45") values for Hl.ye and HLyj}, respectively. All other radiation intensities
are as h(‘fnl‘P4 except that X-rays are reduced 1/4. Neutral concentrations and
temperatures were taken from the 1966 U, S, Standard Atmosphere Supplements
for Fall-Spring at 45”N with a 1000"K exospheric temperature. Calculations were

performed for 0 declination. Ionic reaction rates are listed in Table 1.

Table 1. lonic E-region Processes

e
Reaction No. Reaction Rate Coefficient ((.mii sec)

= O,+e -0+0 2.0 % 10" (300/T)
2. NO' +e ~N+0O 4.0 %107 (300/T)

, : ' " z S o
3. O +0, ~0,+0 1.5 X 10 (300/T)
4. + Ny - NO' + N 1.2 x 1072 (300/T)
6. N; FO=NO = 1.5 % 10719 (300/T)
1. + 0, ~ (); + N, 5.0 x 107! (300/T)
8. N'+0, - NO' + 0 2.0 x10°10
: + -10
9, +()2 -()sz 4.0 x 10
10. Oy + NO NO' + 0, 4.6 x10°10

3. Meira, L.G., Jr. (1971) Rocket measurements of upper atmospheric nitric
oxtde and their consequence to the lower ionosphere, J. Geophys. Res.
76:202-212,

4. Keneshea, T.J., Swider, W., and Narcisi, R.S. (1970) E-region model,
J. Geophys. Res. 75:845-854.
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Sunrise ionization production rates for NO' ions resulting from the ionization
of NO by the direct Hl.ye line are shown in Figure la and, by a different format,
in Figure 1b. Nighttime conditions are found to persist up to about » 98" at sun-
rise, but by x a6, the ionization of NO at 150 km has almost reached its maxi-
mum value. The resultant electron concentration, [e], profiles are illustrated in

)

Figures 2a and 2b, Note that equilibrium at 110 km 15 reached by x ll()('_

Figures 3a through 5b portray the same information for NO concentrations in-

creased by 10x, H‘l"\._ and 1(')“. tespective ionization production rates are not
shown since they are only like multiples of those rates in Figures la or 1b,

The main point we wish to stress is that since NO is known to be greater in
the auroral ,"nm-} as compared to low- and midlatitudes, the night and sunrise
E-region at auroral latitudes may be more prominent than normal even in the
absence of auroras. (The sunset E-region is also augmented over normal condi-
tions, but will not be discussed here.) Figure 6 portrays the nighttime E-region
in the case of ""normal” NO and with NO increased by factors of 10, 1“", and 1‘)“,
an extreme limit, An ionosonde with a MHz threshold should observe the 10° case,
especially since the scattered flux may be as much as a factor of two to three
times ;1:‘(‘:m~1"; than we assumed. Figure 7 depicts the situation for x a0®, All
four situations now should be observable to an ionosonde with a 1 MHz threshold.
Note, incidentally, that [e] = [NO] Lje near 110 km. Absorption of HLys by NO
has been neglected. Inclusion of this absorption has little impact upon the nighttime
situation except for case 4, where a reduction of up to a factor of 2 in [e] at the
lowest altitude is attained (Figure 8). At x !'()O, the change is much greater
(Figure 9). For case 3, [e] is reduced up to a factor of two near 100-110 km and
the profile of [e] for case 4 decreases from a factor of two near 150 km to almost
a factor of 5 near 100-110 km. However, it is by no means certain that the inclu-
sion of this absorption is more appropriate since higher concentration NO layers
undoubtedly have a limited, if not extremely limited spatial extent, in comparison
to the spherical symmetry assumed in the computations, Nevertheless, we present
the effect of this absorption in Figures 10a-10d for case 3, and in Figures 1la-11d

for case 4.

5. Rusch, D.W., and Barth, C.A. (1975) Satellite measurements of nitric oxide
in the polar region, J. Geophys. Res. 80:3719-3721.

6. Strobel, D.F., Young, T.R., Meier, R.R., Coffey, T.P., and Ali, A. W,

(1974) The nighttime ionosphere: E-region and lower I'-region,

J. Geophys. Res. 79:3171-3178.
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3. DISCESSION

In any case, we propose that investigations of nonauroral high latitude iono-
sonde and or Chatanika backscatter data at night, and especially at sunrise, may
vield useful information in regards to NO enhancements. At night, it may be dif-
ficult to discriminate between a steady nighttime E-region due to ionization of
enhanced [NO] in comparison to an E-layer produced by a weak but steady "dpizzle"
of precipitating electrons. Sporadic-E also may complicate the picture, Further-
more, a good knowledge of the actual scattered Hlyo intensity at low altitudes is
needed if [NO] is to be derived from ionosonde data for [e]. On the other hand,
the unique signature of solar radiation at sunrise (Figure la, for example) pro-
duces a pattern (Figure 2a) that would be difficult for an electron precipitation
event to reproduce. It is important to realize that although an ambient enhanced
NO profile is likely different in shape from those adopted here, the peak value,
which is of most interest, is the parameter which is to be correlated with iono-
sonde observations.

Wakai's ' survey of the nighttime E-region indicated enhanced E-layers in the
auroral zone and polar cap even for quiet conditions. King, ? in a study of 197
auroras at night, reported three cases where foli > 1.7 MHz when overhead aurora
appeared to be absent, The cases could be interpreted as indicating an NO layer
peak of ~3 X 1010 r-m-’{. Such high values have been reported by one rocket
group, g However, in a recent survey of all the other available (8) E-region auroral
flights, Swider and \(1!'('i.ﬁi1() inferred NO layer peaks from l()” (-m-:; to only

2 -3 5 B 4 ; ; o ;
10" ¢m . The difficulties in generating sufficient NO so as to equal the O, con-

. e 11
centrations are well known and have recently been enumerated by Hyman et al.
Hopefully the more modest increases in nitric oxide, such as a peak concentration

9 =3 ; !
of 107 em™° may be detectable at twilight from Chatanika backscatter and /or

ionosonde data studies. Figure 3a illustrates this situation at sunrise. The [e]

'

profiles are about a factor of 3 larger than that for "'normal" conditions.

7. Wakai, N. (1967) Quiet and disturbed structure and variations of the nighttime
E-region, J. Geophys, Res, 72:4507-4517,

. King, G.A.M. (1965) The aurora and night E-layer, J. Atmos. Terr. Phys,
27:426-428, B N e

9. Zipf, E.C,, Borst, W, L., and Donahue, T.M. (1970) A mass spectrometer
observation of NO in an auroral arc, J. Geophys. Res. 75:6371-6376.

10. Swider, W., and Narcisi, R.S. (1977) Auroral E-region: lon composition
and nitric oxide, Planet. Space Sci. 25:103-116,

11. Hyman, E., Strickland, D.J., Julienne, P.S., and Stroble, D. . (1976)
Auroral NO 2, J. Geophys. Res. 81:4765-4769.
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We have not presented any sunset profiles because we believe a sunrise analy-
sis would be preferable. For example. sunset decay of the IX-region is likely to be
perturbed more by sporadic-F. Furthermore, presunset auroral influences pre-
sumably are more difficult to discriminate from normal daytime E-region behavior
in contrast to sunrise/ nighttime circumstances.

Same IR effects may be of interest, The nitric oxide Av 1 system, radiates
at 6.3 ym. Its ion radiates at 4.3 um (Av 1), which corresponds also to the
001-000 band wavelength of CO,,. The possible sudden prominence of the N( !

4.3 um band at sunrise due to the ionization of auroral /nuclear NO enhancements
by the direct solar HLyo line, must not be confused with €O, emissions at the
same IR wavelength., The natural (aurorally-caused) variations of NO and NO'  at
sunrise at high altitudes could be determined, as suggested by this paper, from
appropriate ionosonde or Chatanika backscatter data. There may be encugh sun-
rise ionosonde or Chatanika data (the latter stored at Stanford Research Institute)
presently available, which could yield considerable information on the variation
of NO' and NO at that particular auroral data site. We plan to investigate this

possibility,
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