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ABSTRACT

A nearly global met of data on the nitric acid distribution was obtained for seven montha by the Limb Infrared
Monitor of the Stratosphere (LIMS) experiment on the Nimbue 7 spacecralt.
precision and resolution of thess datn is
distributiona is presented. "The zonal mean

The evaluation of the accuracy,
described, and a description of the major features of the nitric acid
for nitric acid is distributed in a stratospheric Jayer that peaks near 30
b, with the largest mixing ratios accurring in polar regions, especially in winter.

INTRODUCTION

Nitric acid was first identified in the stratosphere Ly Murcray et al. /1/, who measured its infrared abasorption
spectrum from a balioon. It has subsequently been measured many times from balioons /2/, aircraft /3/ and more
recently the shuttle /4/. ln addition, it has been observed by direct collection on filtors from

balloons snd aircralt
/5/. Nitric acid is formed by the three body reaction

NO, + OH + M —1INOy + M

although othier processes may be involved during high latitude winter conditions. It is destroyed by the reactions

{INOy + hiv — OH + NO,

and

HNO3 + OH — NOs + 1LO.

“The tine scales are several days /6/, indicating that the distribution will be strongly influenced by atmos .2
motions.

The only nesr-global observations were oblained by the Limb Infrared Monitor of the Stratosphers (LIMS), which:
flew on the Nimbus 7 spacecralt. Decsuse these are in good agresment with the other data, they are the be &
for the nitric acid mode! proposed liere. The LIMS was & & channel infrared radiometer that scanned the earth's
limb, mensuring emitted radiances that could be inverted to yield profiles of hitric acid and other quantities. The
experiment and the data reduction have been described by Gille and Tussell /7/; other discussions are contained in
Rusaell and Gille /8/ and Gille ¢! al. /9/. The features of IR limb scanning relevant to the measurement of HNOy
include the long viewing paths, giving maximum sensitivity to small amounta of the gas, high vertical resolution if
narrow field of view detoctors are used, and the sbility to obtain measurements on both the day and night sides of
the orbit. However, to obtain high signal to noise ratios with the narrow detectors required that they be cooled.
The use of a solid cryogen limited the LIMS lifetime to about 7 months.

Over this period, from 25 October 1978 to 28 May 1979, the instrument operated extremely well. On the average,

over 1000 profiles were derived each day, from 64°S to 84°N. These profiles were then objectively analyzed using

the Kalman filter approach suggested by Rodgers /10/ and deacribed in more detail by Kohri /11/. Thina leads to
daily estimates of the sonal mean mixing ratio and the coeflicients describing 6 waves in longitude. Only a model
{or the zonal mean distribution is presented here.
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ACCURACY AND PRECISION OF THE NITRIC ACID DATA

The characteristics of the LIMS HNO; data were discussed by Gille et ol. /12/. The vertical range of the data is
sst by the region of adequate signal to noiss ratio, and, at the bottom, by the frequent occurrence of clouds. For
the HNOj; signal, the upper limit occurred at about the 2 mb pressurs level, or around 45 km altitude. Clouds
usually impose a lower limit al or above the 100 mb pressure level in the tropics. Retrievals to lower altitude are

possible at higher latitudes, but with rather small signal to noise ratios. In this discussion the lower boundary is
taken to be 100 mb.

The precision of the profiles, or scan-to-scan repeatability, is about 0.05-0.1 pPby in undisturbed regions where
atinospheric varlabllity does not contribule to the variations. ‘Thls intrinsic precision is of the order of 2% up
to 7 mb, rising to only §% at 4 mb. When natural atmospheric variability is included, which may incorporate
real variations on scales smaller than the approximately 100 km inter-scan spacing, a repeatability at almost all
latitudes and altitudes of 0.1 ppby is found.

The accuracy is much more difficult to establish. Gille et al. /12/ estimated the errors presented in Table 1.
Theee estimates, at least away from the top levels, are thought to be rather conservative. Again, these were checked
through comparison with 15 balicon-botne measurementa from 100 to 10 mb., These dilTorences are also collocted in
Table 1. 'They are approximately the errors associated with the balloon-borne measurements. However, the LIMS
results become increasingly larger than the correlative measurements with altitude, leading the authors to suggest
that they were in error. In addition, chemical consistency suggests Lhal the original values are too large /13/.
Subsequently Bailey and Gille /14/ have shown that an instrumental correction should be applied that slightly
reduces thie radiances at all altitudes. ‘Chis has thes effect of significantly reducing the 1INO, mixing ratios above 10
mb, where the signals arc amall. The results presented here have now been corrected for this effect. These results
therefore differ at tha upper lovels fromn fhose presented in Gille ¢t al. /16/.

TABLE 1 LIMS Nitric Acid Errorst
Pressure Level No. of Estimated Systematic  Differences from
(mb) Comparisons Errors (%) Correlative
Measurements (%)

80 42

70 4 -10 + 24

&80 14 41 4% 8

30 14 33 9T

10 12 29 27T + 11

7 11 63 + 11

S 6] 90 £ 4

3 65

* Frotn Gilla et ol f12/.

NITRIC ACID DISTRIBUTION
Vertical Distribution

Vertical profiles of IINO, al 60°S, 32°S, the equator, 32°N and 60°N are shown in Figure 1. At the equator, there
is little vertical variation. A slight maximum of between 2 and 3 ppby is located near 20 mb, but the seasonal
variation is quite small. At 32°S the maximum of about 7 ppby in shifted down to 30 mb., There is a minimum in
mid-summer with a maximum observed value in May, suggesting an anaual varistion with largest values in winter.
Temporal variations are shown in more detail below. A similar variation {shifted by 6 months) is shown at 32°N.

The variation is similar but much larger at 60°S. The peak values, again at 30 mb, are over 10 ppby. At 60°N the
largest values are in winter, with maxima of nearly 10 ppby, again at 30 mb.

In suinmary, the tropics are characterized by low mixing ratios, and have a small seasonal variation. At higher
latitudes the mixing ratios are larger, and have an annual variation characterized by a fall-winter maximum. Thare

is very little variation in the pressure of the peak values, which increases from 20 mb in the tropics to 30 mb at
high latitudes,
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Pressure (mb)

Nitric Acid Mixing Ratio (ppbv)

Figure 1. Vertical profiles of monthly average zonal mean HNO; mixing ratios at five
latitudes for October (——), January (- - -), April (— —), and May (- - -).

Monthly Average Zonal Mean Cross-Sections

At avery location there are short-term variations, associated with dynamical sffects, as well as seasonal changes,
Even after taking the zonal mean, there are short period temporal variations. However, aver a month the standard
deviation of thess variations are usually amall. Figure 2, for January (1979) shows that the standard deviation of
the daily values is less than 6% except at upper Jovels in the winter hemisphere, where it can be over 30%. (The
increased values at tlie tropical tropopause are due in part lo incornplete removal of cloud contaminated profiles,
and in part Lo the diiculty of accurately following the aliarp radiance decrease above clouds, in conjunction with the
low miixing ratics there.) tn contrast, in Aprii {Figure ) the standard devinyion is leas than 5% almost everywhero,
and never greater than 15%. ‘The standard deviation of the monthly sveraged zonal means (these values divided by
VN, where N in the number of days with data in the month) are therefors lesa than 1%, except for the high upper
polar winter stratosphere, where they are still only 8%, so the random uncertainties associated with the following
mean crosa-sections are rather small. T'hese standard deviations are tabulated in Table 2.

The monthly average zonal mean nilric acid distributions for October through May are presented in Figures 4-11,
and in tabular form in Table 3. The general [eatures of the nitric acid distribution are illustrated by the October
data (Figure 4). There is a broad saddle in the tropics, centered near 20 mb, and charactorized by values of 2-3 ppbv.
Mixing ratios decrease slowly above and below this level, indicating prafiles characterized by low and relstively
constant values. Maximum values incresse toward both poles, with the altitude of the maximum decreasing to the
30 mb level at ligh lalitudes. In Lhe Northern Hemisphere (NH), the maximum of 3 ppbv at 20 mb for 10° N
progresses to a maximum of 12 ppbv al 30 mb for 84°N. The latitudinal variations are similar in the Southern
Hemisphere (SI1) as far as they can be seen. Note also that the isolines are relatively flat on the upper side of the

layer, but have fairly steep slopes on the lower side. Finally, there is an indication of slightly higher values at high
northern latitudes and high altitudes.

There is a regular progression in the monthly mean values. In November (Figure 5), the northern polar maximum:
lias increased to its maximum value, while the maximum at 64°S has decreased. By December (Figure 6), the
northern maximnum has dropped back to lcas than 11 ppbv, while the soutliern maximum has [ollen further.
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Figure 2. Cross section of the standard deviation of the daily HNOy mixing ratios from the
monthly average, as a percent of the average value, for January. Contour interval is 5%.
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“Yable 2. Standard deviation of moutlly average sonsl mean mixing ralios (as & percent of tha zonal nean)
January
Prosure 64 G0 60 -0 20 200 -0 v 1] 0 0 4 V] 60 kY 80
(mb)
200 037 LA4 UGG DIG LEY  U.BL 0.64 0.8 071 v4l 054 0.319 V.04 1.66 3.08 b5.18
30U 038 029 044 LT LIS V.GU VB0 u.60 062 0.68 0.0l 0.58 0.08 196 310 63
U 020 030 UM49 063 U45 LG VS0 053 038 042 084 061 078 1.3 183 416
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LU 030 UJV 022 US55 U083 LYZ LY 042 U84 0560 LAZ U4U 0BU 064 0065 1.13
7000 026 U014 D42 u8d 138 1BL LM 110 163 169 088 073 060 057 0065 1.62
OO0 023 032 L8Y 123 1.5 232 330 2.69 3174 2.54 1.61 L1t 14 052 113 2.3
April
I'remure -Gt -0 -6y -4u -3U Y -10 U 1L 20 v 40 80 [0 70 80
{rib)
200 132 133 142 Lub4 DOGU 0PV U84 074 .72 080 076 075 074 108 1.61 219
300 1.22 157 O 058 075 045 00 048 0.6 074 UA48 058 0.6V  0.B7 [.48 1.97
b.OoU 1.66 156 1.6 095 059 066 UG2 0.38 0.54 0.04 0.G62 v44 060 062 1.23 186
T.00 1.80 160 1.3 UB5 UAG 042 UI0 0.3% 0.20 0.3 0.4V 023 033 0.70 1.2 1.46
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Figure 4. Monthly averaged zonal mean cross section of HNO; mixing ratio (ppbv) for

October (last 7 days).
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January's distribution (Figure 7) is much like December's, but with some increase in the winter polar uppsr
stratosphere. This latter feature is largely gone in February (Figure 8), and the NH high latitude maximum has
decreasod below 10 ppby, while that in the SH has increased. Those seasonal changes continue in March (Figurae
9) and April (Figure 10), until by May (Figure 11) the NH maximum is only slightly above 7 ppbv, while the SH
max at 84°S is over 11 ppby. In addition, there has been an increase in the SH (winter) polar upper stratosphere.

A comparison of November and May, the two nearly complete months that are 6 months apart, indicstes little
change in the tropics. lHowever, they show a 7 ppby contour in the Sli in Novamber that is not presen at 84*N in
May. Similsrly, in May the mixing ralios near 60°S are largor than those noar 60*N in November, It is clear that
the SII maxima snd minima have larger mixing ratios than those in the NII, indicating an asyinmetry betwoen the
heiniapheres in nitrogen compounds. This lias also been seen in NOj, snd estimates of the total odd nitrogen.
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Figure 7. As Figure 4, but for January.
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Figure 11. As Figure 4, but for May (first 28 days).
Varjation

The temporal veriation of the 20nal mean is conveniently displayed by time-height cross sections. At the squator
(Figure 12) there is & semi-annual oscillation, where the HNO, maxima occur at the beginning of January and
(probably) July at 18 and 10 mb. The minimuin at each level is close to the mid-point betwesu Lhe maxima, This
is consistent with semi-annual vertical motions, having maximum strength in March, with minimum motions in
December and June as found by Gille et al. /16/.

At 32°N and S (not shown), the patterns arc sitilar to those at 60°, Lut the variations are weaker. The NI
maxima and SIl sninima oceur in rebruary at 60 and 30 mb, which also shows the higher S11 values i, late sutumn
than in the NI Again, there is a suggestion that thie N1I maximum occurs earlier than the Sl minimum.

AL 60°N and S (Figyres 13 and 14) therc iz an annual variation, which ie out’ of phase between the two hemispheres,
with the N1 maximum snd SH minimum occurring in late December at 30 mb. The patterns are similar above 30
mb, but the May values in the S1i are larger Lhan Lie N1 maxima in December, 24 noled eaclier.

“I'hese plots (and that for 80°N, presented in Gille /11/) show long term (sensonal) changes, probably due to

photochemical elfects, and short period variations, especially during the winter, that arc related to dynamical
elfecta. There nre marked decresses during the times of major disturbances in the stratosphere, which are to be
expected wlien the downward molions which lead to atratospheric warmings through adiabatic compression bring

down air that is poorer in 1HINO,.
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Table 3. Monthly average ronal mean mixing ratios {parts per Lillion by volume)

Octlober

Piesaure 64 00 G0 .40 S .20 - 0 1l 20 30 40 7Y 60 0 30

20 020 030 032 032 032 033 033 03 035 034 034 034 039 040 045 0.55
300 V44 VA4 U046 UG 047 048 04T 049 081 049 @5l 0.63 068 0.03 0.72 0.4
800 LIG LM 122 1w 1w 152 449 142 141 1.01 166 148 163 118 (R}] 1.92
T00 182 LAV 185 192 208 202 194 1% 1.9 2108 226 220 248 2w 3. 3.30
000 295 208 300 291 300 263 227 226 260 309 330 160 4.6 417 8.34 6.99
1600 640 645 5.20 495 404 4.25 29T 2Ty 3. 4S5 BT 60U 694 1.0 869 10.00
V.00 TA45 TB3 745 684 GAU 6.31 342 241 281 400 552 T30 84U 038 1084 12.30
BULO  6.20 646 6.62 571 4.02 208 1,78 1.21 1.5 222 374 647 650 7.68 877 9.90
T 4Tl 480 463 366 2.33 102 06T 066 0TI 000 185 3.y 441 B30 632 6.97
0 218 307 285 L 084 043 03V 04F 00U 089 076 1.38 230 3us 171 4.0l

November

Pressure 64 G0 .50  -qp -0 20 L a 10 20 30 40 60 [24] 10 80

.0 021 02T 028 030 031 032 034 033 034 033 033 036 041 D45 0.52 0.69
I 039 VAU 043 VA4 046 048 000 049 DGU 049 064 067 062 om 0.80 1.0§
5.00  sv 300 115 1273 139 149 140 1.44 1,42 1.58 165 156 1.68 1,97 .17 1.36
TW 172 112 470 182 206 200 1.2 LW 1.0 218 227 240 280 3.2 143 31.58
0w 285 281 270 2315 300 260 2.3t 228 208 3.1 34D 302 466 53¢ 5.85 8.40
6.W0 524 b5.15 486 4.67 4.00 4.34 .10 278 338 476 5064 6.67 7.64 8.58 0.78 1110
VW TH4 742 69T 640 0.5 5.08 335 244 20T 430 010 7186 8.8 9.82 1130 12,74
G000 630 627 6.05 6.7 423 276 L70  1.17 160 244 409 564 6.6 7.70 9.08 9.93
WU 463 452 414 325 2.0 098 076 060 074 098 201 343 466 550 G.04 7.04
o0 287 277 226 151 077 V44 W63 052 LGl 0.5 0.78 1.69 248 344 4.03 4.1

Decewnber

Piessuce -Gt .60 <50 A0 23U 20 -10 U 1 20 30 40 bu G0 70 80
ath
('I.U\i 026 U125 027 B0 032 LI 0I5 B34 034 0.33 035 037 0.3 0.45 0.56 0.04
JU 038 03Y LvA42 UA44 UA4B 0.5 061 051 0.b1 0.4y 0.63 0.67 0.6l 0.70 1.04 1.20
5w 105 108 145 125 1.8 .52 1.4C 146 1.47 1.60 1.6u 1.57 171 2.0 2.51 2.85
00 166 166 171 182 202 2.07 195 1.95 201 222 231 248 281 4 3.64 3.00
W0 271 260 268 272 2931 2.82 248 2.35 261 310 350 407 480 5.28 5.08 6.10
IGO0 4.90 4.84 4.67 451 4.5 434 339 2.8 348 600 002 7.08 8.4 .00 9.70 10.05
0.0 T.0 71 665 G615 508 471 320 242 309 528 G607 8.21 D28 1041 10.91 102
5000 6.8 GUZ 643 464 .08 247 .68 118 177 14 459 588 1.0 8.3u 8.65 3.46
0.0 434 417 357 278 180 0.86 0.78 U.63 w2 1122308 374 534 6.26 6.40 6.30
W 255 240 187 L21 OO6T 04l 0.I2 058 063 u47  0.8! 1.88 3 3.09 4.09 4.10

Janunry

Pressure  -Gf .U 50 40 -30 .20 -10 0 10 20 30 40 60 Gu 70 80
1

(I2”ll)()) 024 025 028 030 033 034 0 035 034 032 034 030 0.38 LAt 0.51 0.60
W 038 U3y Ud2 046 USU 053 053 053 053 049 05L 053 0.67 0.70 Lo7 1.32
5000 107 L0 14 128 148 155 14D 152 157  1.58 145 16U 1.68 2. 2.90 340
0 L L7 173 188 209 213 196 197 205 2.8 2,20 238 266 310 372 4.04
w219 236 274 280 2.88 288 2.61 234 250 294 3.35 3.82 432 4.712 5.07 5.25
1600 498 494 475 454 430 417 334 279 331 4.83 500 672 7143 .07 8.61 8.77
VW 746 T 663 603 524 443 200 221 308 5.G3 761 837 W17 1020 10.88 1008
SU00 6.2 52 649 424 320 214 156 LI5S 176 3.6 S 647 12 8.39 8.91 9.22
000 418 288 329 239 145 0BT UT8  UG4 080 .17 2.69 441 8.40 6.43 6.84 717
0w 235 209 166 LU US55 USL UTU 0 062 UG6T 0.52 106 241 47 4.19 441 4.58
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Figure 12. Time-height cross section of HNOj at the equator. Contour interval is 0.2 ppbv.

T T T T T T T
62 DOegreas North

TSN

Fressure (mb)

=
T e N NN T

L1

180 oo O :
NOV DEC JAN FEB AR APR MAY

Day 11978-1979)

Figure 13. Time-height cross section of HNO5 at 60°N. Contour interval is 1 ppbv.



1.0 \*‘F T T T T T T
68 Osgrees South

- e ]

a r —///2

E L 1
S ) ]

@ - -

£ 10.00 "
R

$ o

& ———— i
= (
I /_’—\/\—%\_‘__\— \\——\__ -
S b I —
L~ 4 3
g ———— T

100 .00 e~ T

NOV DEC AN FED MAR APT MAY

Uay (1978-1G874)

Figure 14. Time-height cross section of HNO3 at 60°S. Contour interval is 1 ppbv.

CONCLUSIONS

The values of HNO, mixing ratio above 10 mb presented here have been corrected for an instrumental effect. The
vertical mixing ratio profiles show » layered distribution, with the peak near 20 mb and low values in the tropics,
where there is a small semi-annusl variation. Poleward of 30° latitude the peak is at 30 mb and there is an annual
variation, with maxima during lste fall or winter and minima during summer. Cross-sections of monthly averaged
zonal means emphasize the strong poleward gradients, and indicate a hemispheric ssymmetry. In addition, there
nre slightly higher values at the upper levels near the winter pole.
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