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COMMENT ON "NIGHTTIME NA D EMISSION OBSERVED FROM A POLAR-ORBITING DMSP SATELLITE"
BY A, L. NEWMAN

B. R, Clemesha, Y, S$ahai, D. M. Simonich, and H, Takahashi

Instituto de Pesquisas Espaciais, S3o José dos Campos
S3do Paule, Brazil

In a recent paper, Newman [1938] has presented
Na D airglow profiles obtained by a limb-scanning
instrument aboard omne of the DMSP satellites,
These profiles show a number of surprising fea-
tures. The unexpected characteristics of the
satellite measurements are (1)} surprisingly high
intensities at the equator, as compared with mid-
northern latitudes; (2) topside scale heights for
the emission intensity as large as 16 km; and (3)
peak emission heights as low as 75 km.

Observations

The Emission Intensities

The measured intensities were about a factor
of 3 greater at the equator than at 40 N. On the
basis of ground-based measurements of the sodium
nightglow this result is unexpected. Although it
is true that winter intemsities are generally
higher than summer, the main variation is semian-
nual, with maxima close to the equinoxes, It
should be noted that the seasonal variations in
Na D airglow are quite different from those in
sodium density, which shows a strong winter maxi-
mun [Simonich et al., 1979]. The maximum July D2
line intensities measured by Kirchhoff and
Takahashi [1985) at Natal (6 5) were less than
20 R, with average values of about 10 R, Data
for higher latitudes are avallable from gany sta-
tions, including Sao José dos Campos (23°8),
Haleakala (21°N), Kitt Pesk (32°N), Abastumani
(41°W), and Haute Provence (44°NW). Early mea-
surements from Sacramento Peak, Haute Provence,
and Tamanrasset, which used wideband filters,
were subject to contamination and may not be re-
liable, There is a great dispersion in the mea-
sured values, but the lowest summer values for
Sao José dos Campos are about 25 R [Kirchhoff et
al,, 198la], and for Kitt Peak and Haleakala the
July values are around 10 to 15 R [Ciner and
Smith, 1973]. Work by Smith and Steiger [1968]
and Wiens and Weill [1973] suggests that there is
little difference between mid- and low-latitude
Na D airglow intensities in July, Fukuyama
{1977] compares measurements from Haute Provence,
Abastumani (41°N), Haleakela, and Davao (7°N).
July values, scaled from Fukuyama's Figure 8, are
40, 40, 25 and 35 R for 44°, 41°, 20°, and 7°,
respectively, for the sum of the Dl and D2 lines.
A comparison of recent, carefully calibrated, si-
multaneous measurements at Fortaleza (4~ 5) and
Cachoeira Paulista (23°5) supggests that average
Ha D intensities are typically a factor of 3
greater at the latter station than near the equa-
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tor [Takahashi et al,, 1989], It is difficult to
compare measurements made at different locations
and different times, but all the published data
suggest that, at the most, the intensities should
be similar at mid-northern latitudes and the
equator in July, and more probably the equatorial
airglow would be weaker,

Topside Scale Heights

The topside scale heights for the emission,
measured by the satellite, vary from just over
6 km near the equator to nearly 16 km at 50°N,
Typical values at mid-latitudes are 10 - 12 km.
Assuming that the Chapman mechanism is responsi-
ble for the excitation of the sodium atoms, then
the scale height for the emission intensity will
depend on the vertical gradients in both sodium
and ozone, Over the past 20 years, lidar mea-
surements have provided a great deal of accurate
data for the vertical distribution of free sodium
atoms. There can be no doubt that the typical
topside scale height of the free scdium is of the
order of 3 km, considerably less than that of the
main atmospheric comstituents in the relevant
height range, Our knowledge of the ozone distri-
bution is much less precise, but both measure-
ments [Green et al,, 1986] and models [Shimazaki
and Laird, 1970] suggest that the ozone density
decreases with a scale height roughly similar to
that of the main atmospheriec components, except
in the region of B85 km, where it shows a sec-
ondary maximum, This suggests that in the regiomn
of 100 km the topside scale helght for the emis-~
sion should normally be lees than 3 km, since
both sodiwm and ozone would be decreasing in the
relevant height range. To get a scale helght for
the emission as large as 10 km would require the
ozone to increase with height above the sodium
peak with an e-folding distance not much greater
than the scale height for the scdium, This 1is a
very improbable situation,

Peak Emission Helphte

The tangent heights for peak emission, as mea-
sured by the satellite, vary from about 90 lm at
40°N to 77 km at the equator, with minimum values
around 75 km at 10°N. Lidar profiles of free
sodium almost always show negligible concentra-
tion below 80 km [Simonich et al,, 1979; Gardner
et al,, 1986; NWomura et al., 1987), so it should
not be possible for the emission to peak below
this height., There is considerable evidence that
the emission normally peaks in the region of
88 km., This concluston is based on rocket mea—
surements [Heppner and Meredith, 1958], model
calculations [Kirchhoff et al., 1981b], and mea-
surements of the propagation of gravity waves
through the emitting layer [Clemesha et al.,
1978; Takahashi et al., 1979, 1985].
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Analysis

In view of the unexpected nature of most of
the parameter variations derived from the satel-
lite measurements, it is important to make an at-
tempt to determine to what extent these varia-
tions reflect real characteristics of the sedium
airglow. There are three factors which have not
been considered in the analysis presented by
Newman [1988]. Firstly, the analysis does not
take into account the possible contamination sig-
nals which might be seen by the photometer.
Secondly, the data are presented as a function of
tangent height, with no attempt to make allowance
for the varying path length seen by the photome-
ter in the spherical shell formed by the emitting
layer. Thirdly, no allowance has been made for
optical extinction of the airglow emission along
its path within the sodium layer.

Contamination

According to Newman [1988] the satellite pho-
tometer used a filter centered on 5890 A, with a
bandwidth of 57 A, The Na D lines are not the
only atmospheric emissions to be expected in this
spectral region, Within the bandwidth of the
filter are the OH{(8,2} Q, R, and P branches, and
the HO; continyum emissions, The R branch, cen-—
tered on 5870 A, represents about 257 of the en-
tire band emission, QI(l) at 5888 & about 15%,
QL(2) at 5895 & about 4%, and PL(2) at 5915 &
about 7%. According to Llewellyn et al, [1978]
the total band intensity should be of the order
of 15 R, so we should expect about 7 R within the
phetometer passband. Our own measurements, in
which we measure the R branch intensity in order
to estimate the Q branch contamination of our
measured Na D intensities, show intensities typi-
cally twice this value, We should expect, then,
a total contamination of the order of 10 R from
the OH{8,2) band., Rocket-botne photometer mea-
surements of the NO; continuum have been made by
MeDade et al, [1986]), who found zenith lntensi-
ties of the order of 0.5 R £~! at 5400 & and
7140 X, For the 57-4 filter we should thus ex-
pect a contribution of about 30 R. Taking the CH
and NQ» intensities together we should then ex-
pect a total contamination of about 40 R, This
must be compared with zenith airglow intemsities
which, for equatorial and northerm summer condi-
tions, would be expected to be of the order of 10
to 30 R. Thus we can see that the contamination
from OH and NO, probably contributes not less
than 507 to 75 of the glow measured by the
satellite photometer. This may well be an under-
egtimate, because the sodium airglow seen by the
satellite suffers the effects of extinction by
the sodium layer, whereas the OH and NO; emis-
slons do not,

Geometrical Corrections and Extinction

The analysis of limb-scanning measurements of
atmospheric layers has been undertaken by a num-—
ber of workers (see, for example, Yee and Abreu
[1987]), and adequate techniques exist for in-
verting the experimental data to retrieve the
vertical layer profile, The case of the sodium
emission is complicated by the fact that the
sodium layer is not optically thin at the Ma D
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line wavelengths. Resonant extinctlion of the
emission leads te a coatinuous change in its
spectrum as the light propagates through the
sodium layer, and this must be taken into account
when calculating the intensity loss. The total
extinction thus depends on the initial spectrum
of the sodium emission, as well as the wavelength
dependent extinction coefficient and the total
column abundance of sodium between the emitting
region and the satellite., Since mest of the
sodium atoms in the layer will be in the ground
state, the wavelength dependence of the extine-
tion coefficient can be assumed to be that corre—
sponding to sodium atoms at a temperature of
about 200 K. The emission spectrum, on the other
hand, appears to correspond to a much higher tem-
perature, Sipler and Biondi [1978] have measured
the spectrum of sodium nightglow and have shown
that it corresponds to a temperature of about

700 K, They ascribe this to excess eénergy re-
leased in the chemical excitation process which
puts the sodium atoms into the 2p gtate,

In order to 1llustrate the effects of the geo-
metrical factors and the extinction., we have com=-
puted the limb intensities as a function of tan-
gent height for a number of hypothetical cases.
In all computatioms we have assumed that the air-
glow emission corresponds to sodium atoms at
700 K, and that the extinction is by atoms at
200 K, Simonich and Clemesha [1983] have ana-
lyzed the effects of resonmant extinction on lidar
returns, and we have followed a similar analysis
in our computations, The computations were car-
ried out for a Gaussian layver in which the emis-
sion intensity and the sodium density were as-
sumed to vary with height in the same way. In
practice one should expect the emission profile
to be centered on a height lower than that of the
sodium dengity distribution, but lacking a de-
tailed knowledge of the appropriate ozone distri-
butions there is not a great deal of point in
trying to achleve a closer approximation to real-
ity. In any case, serious errors would only be
introduced for very large sodium abundances. The
emission layer is assumed to have the form

I(z) = KNa(z) = Aexp(-(z-z¢)2/H?)

where I(z) and Wa(z) are the volume emission rate
and sodium density, respectively, at height z; k
and A are constants; and H, the "scale heipht,”
is the distance from the layer peak at which the
intensity or density falls to l/e of its maximum
value, The computation includes the effects of a
S=km-wide instrument function.

In Figure 1 we show the results for a layer
having a 6-km scale height centered on 88 km.
The limb brightness, computed for the sum of the
Dl and D2 lines, is expressed as the ratic of the
1imb intemsity to the intenmsity which would be
measured by a zenith-pointing photometer below
the layer. Curves a through ¢ show the computed
1limb brightness ratios for three different verti-
cal sodium column abundances, and curve d shows
the effect of neglecting extinction. Curve e
shows, on an arbitrary scale, the assumed verti-
cal emission profile. There are a number of
points of interest in Figure 1, Firstly it can
be seen that, on the topside of the layer, the
limb brightness varies with tangent height in a
wanner quite similar to the model emissiom pro-
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. TANGENT HEIGHT

(A}: ABUNDANCE = 12x10!3 2
{B): ABUNDANCE = 6xIG!3 m-2
(C}: ABUNDANCE = 351012 M2
{D}: NEGLECTING EXTINCTION
{E): EMISSION LAYER
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LIMB BRIGHTNESS
Fig. 1. Limb brightness {expressed as the ratio

of 1imb brightness to zenith intensity)} as a
function of tangent height for a Gaussian layer
with 6-km /e half width, centered on 88 km, for
four different column abundances of sodium.

Curve e shows the sodium density profile.

file. In other words, taking the topside limb
brightness as being representative of the actual
emission profile does mot lead to gross errors of
interpretation. Secondly, the height of peak
limb brightness 1s about 3.5 km below the emis-
sion peak for low abundances, but becomes closer
to the true peak height as the abundance in—
creases: this is the result of the greater ex-
tinction suffered by the emission from the lower
part of the layer, Thirdly, for mederate to high
abundances, extinction has a major effect on the
peak Iimb brightness. Typlcal abundances of the
order of 3 to 6x10!? w2 lead to reductions in
limb brightnesses of the order of 30%Z. Abun—
dances between 6 and 12x10!3 m™2, however, more
than halve the observed intensity., This is more
clearly illustrated in Figure 2, where we show
how the limb brightness profiles change with the
total column abundance of sodium. In this figure
the limb brightness is not normalized to the
zenith intensity, but is expressed in the same,
arbitrary units for each of the three abundances.
Doubling the Na abundance from 6 to 12x10}3 m™2
results in about the same increase in limb
brightness as changing it from 3 to 6x10}3 m™2;
1.e., over the range of abundances used, the peak
intensity increases roughly logarithmically with
peak sodium density.

Piscussion
The question which must now be addressed is
that of whether the effects described above can
explain any of the unexpected features of the

satellite measurements.

Low Peak Emission Heights

The simulations shown in Figures 1 and 2 show
that the liob scan geometry results in a lowering
of the apparent peak emission height of not more
than about 4 km. The assumption of a broader
layer would lead to a larger depression of the
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RELATIVE LIMB BRIGHTNESS
Fig. 2. Relative limb brightnesses as a function

of tangent height for sodium layers having three
different Na colump abundances; curve a 3x1013

o 2; curve b 6x1013 m2 curve ¢ 12x10!'3 m2,

apparent peak height, but the low equatorial
emission heights are observed together with
rathet narrow layers, so there appears to be no
justification for such an assumption, The equa-
torlal scans show peak tangent heights as low as
75 km, so even when the appropriate allowance is
made for the viewing geometry, the true peak
emission height would not be greater than 80 km.
At first sight it might seem that this discrep-
ancy could result from the effects of contamina-
tion. The main source of contamimation should be
the NO; continuuwm, but, according to McDade et
al's [1986] results, this should peak at around
100 km and be negligible below about 85 km. OH
contamination is only a slightly better candi-
date., Rocket measurements (see, for example,
McDade et al, [1987]) typically put the peak
emission between 85 and 90 km, and, as in the
case of sodium, the emission should be negligihle
below 80 km.

Newman [1988) attempts to reproduce a profile
with a low peak emission height in her Figure 14.
By a suitable cowbimation of ozone and sodium
profiles she gets the peak emissfon to come from
about 82 ¥m. She achieves this, however, by us-
ing an unrealistic ozone prefile, having a narrow
secondary peak at 82 km with a full width of only
about 3 km, WNeither modeling studies nor mea-
surements have ever shown such a narrow distribu-
tion. The secondary peak which is believed to
occur in the ozone distribution is considerably
wider than that assumed by Newman. The sodium
profile used by Wewman is also unrealistic in
that it involves far more sodium below 80 km than
has been measured by lidar.

We must conclude, then, that nelither contami-
nation nor the viewing geometry can explain the
observed peak tangent heights below 80 km.

Large Scale Heights

As we have already pointed out, it is very
difficult for the topside scale height of the
emission profile to be larger than that of the
sodium concentration, typically of the order of



3 km. As can be geen from Figure 1, the viewing
geometry does not have a marked effect on the ap-
partent topside scale height. The minimum scale
height observed should be similar to the instru-
ment function half width: 3 km in the case of the
DMSP instrument. This is illustrated in

Figure 3, where we have simulated the limb scan
of a l-km—thick block laver, centered on 88 lm,
by a photometer having a 5-km full-width rectan-
gular instrument function. As can be seen from
the figure, in this extreme case the topside
scale helght is about 3 km, and the tangent
height of the peak limb intensity occurs about

2 km below the true peak height. Once the emis-
sion scale height is greater than the half width
of the instrument function, the latter has lLittle
effect on the apparent scale height., This im~
plies that the true minimum scale heights of the
emission observed by the satellite instrument
were never much less than 6 km and frequently

TANGENT HEIGHT

2 K BLOCK LAYER {A): INCLUCING EXTINCTION
{B): WITHOUT EXTINCTION
{C): EMISSION LAYER
a5
C
85 ©
(A} (B}
75 <
65 T T 7 7
O 20 40 &0 ag 100
LIMB BRIGHTNESS
Fig. 3. Limb brightness (expressed as the ratio

of 1imb brightness to zenith intensity) as a
function of tangent height for a l-km—thick block
layer.

ware much more. Contamination, on the other
hand, could well have a major effect on the mea-
syred scale heights. As we have already pointed
out, the main contaminating emission should be
the NO2 continuum, which according to McDade et
al.'s [1986] measurements, peaks at about 100 km
and has a topside scale height approaching 10 km.
As we have already seen, within the passband of
the satellite photometer the WOz coutinuum is
likely to contribute a signal equal to or greater
than the Na D emission. This means that above a
tangent height of 90 km the signal measured by
the photometer would have been mostly due to the
HOo> emission. As a result of this the topside
scale heights determimed by fitting a Chapman
function teo the experimental data would be con-—
trolled by the W02 continuum, and not the Na, It
seems highly probable, then, that the large top-
slde scale heights seen by the satellite photome-
ter really refer to contaminating emissions,
mainly N0z, and are not related to the Na D line
nightglow.
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High Equatorial Intensities

It is difficult to fully explain the high in-
tensities observed at low latitude on the basis
of any of the effects discussed, It is true that
we would expect higher limb intensities to be as-
sociated with the thinner ewission layers seen at
low latitudes. That this is the case can be seen
from Figure 4, where we show simulated limb
brightness profiles for Gaussian layers having
half widths of 3, 6, and 12 km, respectively. A4s

TANGENT HEIGHT

{KM} 12 KM (A} NEGLECTING EXTNCTION

895 -

&5 PEAK EMISSION HEIGHT

75

105
{KM)

{B) INCLUDING EXTINRCTION

95

PEAK EMISSION HEIGHT

85
I KM
75 —
65 T ] T
o} 20 40 60 80
LIME BRIGHTNESS
Fig, 4. Limb brightness (expressed as the ratio

of 1imb brightness to zenith intensity) as a
function of tangent height for layers with three
different l/e half widths: (a) neglecting extinc-
tion; (b) including the effects of extinetion by
a sodium layer with 6x10'3 m 2 column abundance,

can be seen from the figure, the peak ratio of
limb te zenith intensity is greatest for the
thinnest layer, but this effect decreases as the
column abundance increases, TFurthermore, the
fact that the tangent height of the low-latitude
peak was lower than that of the mid-laticude
emiasion means that it would have suffered
greater extinction as a result of the longer path
length through the sodium layer. This means that
if the emission being measured was really sodium,
and leaving aside the effects of layer thickness,
then the latitudinal gradienmt of the emission in-
tensity would have had to be even greater than
that registered by the satellite.
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Conclusions

From the simulations presented above, it can
be seen that only the large topside scale heights
are amenable to a simple explanation: i.e., that
the signal registered by the satellite photometer
was heavily contaminated by the N0, continuum
emission. Indeed, our estimates of the relative
contributions by the Na D lines and other contam-
inating emissions suggest that Na D may well have
made only a minor contribution to the total limb
brightness registered by the imstrument. In this
case the satellite limb~scanning measurements do
not constitute a very useful contribution to our
knowledge of atmospheric sodium and the Na D air-
glow. On the other hand, we are unable to ex-—
plain on this basis cthe high iatensity and low
peak tangent height of the emission observed at
low latitudes, If the sodium emission really
peaks at about 80 km at low latitudes, then ei-
ther the ozone density at this height must be
much larger than present models and measurements
suggest, or we must revise our ideas about the
chemistry of atmospheric sedium and the mechanism
responsible for the sodium airglow, A third pos-—
sibility, that the vertical sedium distribution
at low latitudes showed large values in the re-
gion of 80 km at the time that the satellite mea-
surements were made, seems highly unlikely.

Lidar measurements from as far as 78°N [Gardner
et al,, 1988) down to 70°S [Nomura et al., 1987]
all show negligible sodium below 80 km, Similar
low-altitude, high-intensity peaks were observed
by the satellite over a latitude range of 30° on
two nights, six days apart. The probability that
they were the result of an anomalous sodium dis-
tribution seems to be negligible,

With regard to the possibility that the ozone
distribution was such as to make the airglow peak
close to 80 km, this, again, seems unlikely. In
Figure 5 we have taken an average sodium profile

TANGENT HEIGHT
105

(KM}

95 ~

75 T

L - T
0 2 4 6 8 10
RELATIVE INTENSITY/SODIUM DENSITY
Fig. 5. Pmission rates as a function of height

for an average Na layer and three different ozone
scale heights: curve a 3 km} curve b 6 km; curve
¢ 9 km. The observed sodium distribution is
showm as curve d. Note that the scale for inten-
sity or sodium density is arbitrary, with differ-
ent scales for the three ozone scale heights,
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for our lidar measurements (at 23°S), shown as a
broken line, and multiplied by various expomen—
tial ozone profiles with scale heights as indi-
cated in the figure. Even with an ozone scale
height as low as 3 km the peak emission height is
nearly 85 km., Both models and measurements on
the other hand indicate niphttime ozone profiles
either with scale heights greater than chdt of
the main atmospheric constituents, i.e., greater
than about 5 km, or with a minimum around 80 km.
On this basis it seems almost impossible that a
sodium emission profile peaking at 80 km or be~-
low, as indicated by the satellite measurements,
could be produced by the Chapman mechanism with
any treasonable ozone profile.

On the basis of the above discussion we must
cotticlude that either the satellite measurements
de not provide true profiles of the sodium afr-
glow or the mechanism which produces the emission
is quite different from that which has hitherto
been assumed, Although it would appear that the
measurements probably suffered very serious con~-
tamination effects, it is not possible to explain
the very low peak emission heights on this basis.
In view of the theoretical implications of a pos-
sible Na D emission peak at arcund 80km, it is
important to obtain more information on the ver-
tical distribucion of the Na D emission, espe-
cially at low latitudes.
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