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The possibility of natural or anthropo- 
genic perturbation of the stratosphere 
and mesosphere (the middle atmosphere, 
15 to 80 km) and especially reduc- 
tion of the 03 concentrations have 
caused considerable concern in recent 
years (1). This concern over 03 arises 
from the threat of increased ultraviolet 
radiation reaching the earth. Such strato- 
spheric changes could also affect the 
climate. 

In order to provide input parameters 
for computer models to evaluate these 
changes and to look for the predicted ef- 
fects, observations of temperature and 
trace gas concentrations are required 
over the globe; this suggests that satellite 
observations are needed. To be useful, 
these observations should be accurate, 
precise, and capable of resolving varia- 
tions less than a scale height deep. 

Most satellite determinations of 
middle atmosphere temperature struc- 
ture (for example, results obtained with 
the selective chopper radiometer and 
pressure modulated radiometer) and the 
vertical 03 distribution (backscatter ul- 
traviolet instruments) thus far have been 
obtained from measurements made by 
downward-viewing radiometers and 
spectrometers (2). Nadir determinations 
are characterized by low vertical resolu- 
tion (because the upwelling radiation 
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day occurred near 1300 hours on the surface of 
the salt, near 1500 hours at a depth of 10 cm, and 
at about 1545 hours at a depth of 20 cm. Just as 
the daily thermal peak was delayed with depth in 
the salt, so the thermal peak decreased in value 
with depth (for example, 44?C at the surface, 
25?C at 10 cm, and 20?C at 20 cm, but on dif- 
ferent days). 

1. S. P. Clark, Jr., Geol. Soc. Am. Mem. 97 (1966), 
p. 75. 

12. The slope of the top surface of the salt (a) rarely 
exceeds 14?, and the thickness (h) is unlikely to 
be much greater than 50 m. If we use these val- 
ues and 2.18 gfcm3 for the density of the salt (p) 
and 982 cm/sec2 for the gravitational accelera- 
tion (g) in the relationship r = pgh sin a, we find 
that r, the shear stress at the bottom of the salt 
glacier, rarely exceeds 2.5 bars. 

13. H. Ode, Geol. Soc. Am. Spec. Pap. 88 (1968), p. 
543; L. Varo and E. K. S. Passaris, paper pre- 
sented at the Rock Engineering Symposium, 
Newcastle University, Newcastle upon Tyne, 
1977. 

14. We thank the Iranian Geological Survey for pro- 
viding logistic support and Sir Peter Kent for ad- 
vice. Financial support was provided by the 
Royal Society, the Carnegie Trust for the Uni- 
versities of Scotland, Dundee University, and 
E. R. Rogers. 
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comes from effective layers 12 to 20 km 
deep), the need for more than one sensor 
to cover a wide range of altitudes, and 
the inability to measure the vertical dis- 
tribution of any stratospheric trace gas, 
except daytime 03 above 30 km, which 
requires still another sensor. 

Gille (3) pointed out that measure- 
ments of infrared radiation emitted by 
the atmosphere, obtained while the satel- 
lite was scanning the earth's horizon or 
limb, could be inverted to yield day and 
night vertical distributions of strato- 
spheric and mesospheric temperatures 
and trace gas concentrations. The advan- 
tages of infrared limb scanning include 
(4) the capability for better vertical reso- 
lution (layers approximately 4 km deep) 
and the capacity to sound for temper- 
atures or trace gases with a single in- 
strument over a wide range of altitudes. 
The opacity of clouds in the lower atmo- 
sphere limits coverage to the upper trop- 
osphere and above. 

This report presents results from the 
limb radiance inversion radiometer 
(LRIR), the first satellite-borne limb 
scanner. They show that retrievals of 
temperatures and 03 concentrations in 
the stratosphere and mesosphere are not 
only in good agreement with in situ rock- 
et measurements but also that the quan- 
titative accuracy and precision of limb 
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scanning are comparable to those of in 
situ rocket measurements. 

The LRIR was fabricated by the Hon- 
eywell Electro-Optical Center in Lexing- 
ton, Massachusetts. It was launched on 
12 June 1975 and provided high-quality 
data for its planned 7-month lifetime. In- 
strumental details are given elsewhere 
(5). The fields of view at the horizon 
(4000 km distant) are 2 km high by 20 km 
wide. A high signal-to-noise ratio was 
obtained by cooling mercury-cadmium 
telluride detectors to 63 K with a two- 
stage (CH4-NH3) solid cryogenic cooler. 
Radiometer channels were selected in 
the bands having strongest atmospheric 
emission, including two covering the 15- 
,um bands of CO2 for temperature deter- 
mination, and one in the 9.6-/xm bands of 
03. In-flight calibration was effected by 
having the radiometer "view" cold 
space and an internal 320 K blackbody 
every 32 seconds. 

Gille and House (4) have described the 
physical basis of determining temper- 
ature as a function of pressure through 
the use of two regions of the 15-/m CO2 
bands having different opacities. The 
temperature solution is then used with 
the measured 03 channel radiance to de- 
termine the 03 distribution (6). 

Examples of typical temperatures and 
03 concentrations are shown by the solid 
lines in Figs. la and 2a, respectively. In 
situ rocket comparison measurements 
are shown by the symbols. The altitude 
coverage is from 15 to 65 km, with verti- 
cal resolution adequate to resolve the 6- 
km temperature structure seen by the 
rocket (- 50 km). There is good overall 
agreement between the temperature de- 
termination and the rocket measurement 
(Fig. la), and among all 03 measure- 
ments except near the maximum, where 
the two rocket techniques show signifi- 
cant differences (Fig. 2a). 

In order to assess the LRIR results, 
their accuracy and precision must be 
established. The precision, or repeat- 
ability, may be determined readily by 
calculating the standard deviation (at) of 
a group of 12 to 16 sequential inversions, 
at a time and location for which atmo- 
spheric variations over the 300 to 400 km 
covered are minimal. The averages of 
several determinations are shown by 
dashed lines in Figs. lb and 2b. These 
values result from an "end-to-end" eval- 
uation, which includes the effects of at- 
mospheric variations and data transmis- 
sion, as well as instrument noise and 
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data processing. For both temperature 
and 03 concentration, the repeatability 
of the LRIR results is similar to (or per- 
haps slightly better than) that of rocket 
observations (7, 8). 
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Sounding the Stratosphere and Mesosphere by 
Infrared Limb Scanning from Space 

Abstract. Inversion of the measurements obtained by the infrared limb scanner on 
the Nimbus 6 satellite has demonstrated that the stratospheric and mesospheric tem- 
peratures and ozone concentrations may be obtained remotely from space with accu- 
racy and precision comparable to in situ methods. Such global data have many ap- 
plications in middle atmospheric research and operational temperature sounding. 
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The accuracy of the LRIR results can 
be evaluated if one compares them with 
determinations made by another tech- 
nique. As there is no absolute standard 
for stratospheric temperature determina- 

tion, comparisons were made with ii 
measurements from the meteorolc 
rocket network. The currently 
Datasonde has been studied extens 
(7); its accuracy is perhaps as good 
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n situ to 2 K over the altitude region of interest 
)gical (15 to 65 km). Seventy-eight cases for 
used which great circle distance between the 
ively rocket and the satellite overpass were 
as 1 - 2? were used. The time differences 

were up to + 12 hours for low- and mid- 
latitude summer and ? 3 hours other- 
wise. At each of 17 standard levels be- 
tween 100 and 0.1 mbar, the difference, 
LRIR retrieval minus rocket, was 

70 formed. The mean difference and stan- 
dard deviation of the mean are also 

60 plotted in Fig. lb. 
E With few exceptions, the differences 

between the LRIR and rocket results are 50 ~ 
. not statistically significant and within the 

40 Datasonde accuracy. Analysis by lati- 
tude shows no systematic trend in the 

E differences. The determination of geo- x 
30 o 

strophic winds depends upon horizon- 
< tal gradients, which appear to be well 

20 preserved in the LRIR temperature re- 
trievals. 

Similarly, measurements made by 
10 rocket-borne optical and chemilumi- 

nescent instruments (8) were used to as- 
sess the accuracy of the LRIR 03 con- 
centrations. The accuracies of both are 
difficult to determine but are estimated to 
be about 10 to 15 percent. The mean 

(solid difference (rocket minus LRIR) of the 
ion of i ofe four comparison cases and its stan- I line) 
ndard dard deviation are presented in Fig. 2b. 

Above 30 km the differences are small, 
not statistically significant, and within 
rocket instrument accuracy. Below 30 
km the rocket values average 1 part per 
million by volume higher. Work is con- 
tinuing in an effort to understand this 

70 difference. 
Thus, for temperature and at least up- 

6 per level 03, an LRIR profile agrees with 
a coincident rocket measurement about 
as well as a second rocket would. The 

50 -, immediate conclusion is that infrared 
limb scanning, with available tech- 

40 X nology, provides results that are accu- 
rate and precise and that reproduce de- 

Ex tails of the vertical variation in the 
30 stratosphere and low mesosphere which 

< cannot now be determined on a global 
20 basis in any other way. 

Such data provide a wealth of informa- 
tion on the atmosphere from 15 to 65 km; 

o0 thus many problems can be studied in 
considerably greater detail than before. 
For example, the temperatures and 
geostrophic winds determined from 
these data will make possible a much 
more comprehensive study of the verti- 
cal propagation of planetary waves. 

d line) Temperature analyses will facilitate in- 
ecules vestigations of Kelvin and perhaps Ross- 

ed (b) by-gravity waves (9) at the equator. Pho- 

nents. tochemical and radiative balance ques- 
tions may be examined with the 03 data. 
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Perhaps more important, the transport of 
03 by geostrophic winds and changes in 
the 03 concentration can be directly ob- 
served; this information should contrib- 
ute significantly to our understanding of 
the distribution of human impacts on the 
03 layer. Such data may also make pos- 
sible the first real determination of an 
anthropogenic effect on the 03 layer, as a 
result of a detailed study of the most sen- 
sitive region near 40 km (10). 

A limb scanner providing temper- 
atures down to the tropopause could be 
used with a conventional downward- 
looking temperature sounder to produce 
considerably improved tropospheric 
soundings for operational meteorological 
use. In preliminary calculations, we find 
that root-mean-square tropospheric tem- 
perature errors (- 2.5 K) can be reduced 
by up to a factor of 2. 

A similar limb scanner on Nimbus 7 
has demonstrated the capability to mea- 
sure the additional trace gases, H20, 
HN03, and NO2 (11). The latter two are 
the first gases present in the parts-per- 
billion range to be measured from space. 

Thus, infrared limb scanning can pro- 
vide global observations of the strato- 
sphere and mesosphere with unprece- 
dented vertical resolution, accuracy, and 
precision. These observations will make 
possible more quantitative tests of theo- 
retical predictions in those regions and 
detailed studies of global phenomena 
such as the interaction of chemistry and 
dynamics. 

JOHN C. GILLE, PAUL L. BAILEY 
National Center for Atmospheric 
Research, Boulder, Colorado 80307 
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Florida State University, 
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Corrections in the Pioneer Venus Sounder Probe Gas 

Chromatographic Analysis of the Lower Venus Atmosphere 

Abstract. Misidentification of two peaks from the Pioneer Venus sounder probe 
gas chromatograph (SPGC), also formerly known as the LGC, gave rise to quan- 
titative errors in the abundances of oxygen, argon, and carbon monoxide. The argon 
abundance is estimated at 67 parts per million and that of carbon monoxide at 20 
parts per million. At this time, no estimates for the oxygen abundance can be made. 

Corrections in the Pioneer Venus Sounder Probe Gas 

Chromatographic Analysis of the Lower Venus Atmosphere 

Abstract. Misidentification of two peaks from the Pioneer Venus sounder probe 
gas chromatograph (SPGC), also formerly known as the LGC, gave rise to quan- 
titative errors in the abundances of oxygen, argon, and carbon monoxide. The argon 
abundance is estimated at 67 parts per million and that of carbon monoxide at 20 
parts per million. At this time, no estimates for the oxygen abundance can be made. 

We reported earlier on the composi- 
tional analysis of the lower atmosphere 
of Venus (1). We report here a revised 
compositional analysis derived from sim- 
ulation studies and further chromato- 
graphic comparison (Table 1). This com- 
position differs from that published ear- 
lier because we had misidentified the Ar 
peak as 02 and the CO peak as Ar. This 
consequently gave rise to the quanti- 
tative errors because response factors 
are different for each component ana- 
lyzed. An equivocal presence of 02, re- 
vised values for Ar, and an estimation of 
CO (instead of an upper limit in the lower 
atmosphere of Venus) are shown in 
Table 1. The misidentifications of peaks 
were caused by assuming that the reten- 
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tion times were sufficient for identifica- 
tion. This conclusion was reasonable as 
derived from Table 2, where retention 
times from the flight data were matched 
with those of known calibration gas stan- 
dards obtained before flight. The largest 
difference was in Freon 14, which had a 
retention time of 24 seconds less in the 
flight data than in the calibration tests. 
We assumed that the temperature of the 
column rose during the later stages of the 
third analysis and did not put any cre- 
dence on the shortened retention time of 
the added Freons. We have since found 
that the short retention times for all 
gases were caused by higher mass flow 
rates in the column. 

We discovered the error after com- 
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Table 1. Revised atmospheric composition of Venus as measured by the SPGC. 

Flight sample 
Gas 

1 2 3 

Concentration (%) ? confidence interval* 
CO2 95.4 + 2.0 95.9 + 5.8 96.4 + 1.0 
N2 4.60 ? 0.14 3.54 ? 0.04 3.41 ? 0.01 
H20 < 0.06 0.519 ? 0.068 0.135 ? 0.015 

Concentration (ppm) + confidence interval* 
02 ? ? 
CO 32.2 + 630.2 + 18.0 19.9 + 3.1 22.2 
Ar 60.5 + 46.8 63.8 ? 13.6 67.2 ? 2.3 

Ne <8 10.6 
3.6 

4.31 554 - 9.6 3.91 

SO2 <600 176 +- 2000 
185 + 35 

0 1155 
Altitudet (km) 51.6 41.7 21.6 
Pressuret (bars) 0.698 ? 0.140 2.91 + 0.17 17.8 + 0.2 

*Confidence intervals are calculated from the calibration data acquired during the test and are determined to 
3o- (o is the standard deviation) (8). tAltitudes are interpolated from data provided by A. Seiff and repre- 
sent the altitude at the time of sample injection. tAtmospheric pressure at the time of injection as deter- 
mined by the SPGC from the sum of all measured components. 
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