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As part of a continuing effort to identify areas in which astronomical techniques and data 
may be profitably applied to atmospheric problems, both new and archival solar spectra have 
been collected to prepare for an analysis of their use for studying the changes of the atmo
spheric CO 2 burden. This analysis has resulted in the initiation of an observing program 
using the Fourier Transform Spectrometer (FTS) of the McMath Solar Telescope at Kitt Peak 
National Observatory (KPNO). This program is generating spectra, the quality of which should 
not only aid the archival CO 2 study but also lead to analyses of other trace gases. 

Man's annual consumption of fossil fuels 
has grown by a factor of 50 during the 
roughly 120 years spanning the transition 
from a pre-industrial culture to today's 
highly industrialized society. Our current 
increase in the consumption rate is about 
4.3%/yr, and it is estimated that the 
earth's atmosphere now contains 85 x 10 9 

tons more now than in 1860, mostly as a 
result of burning fossil fuels (Baes et al. 
1976; Keeling et al. 1976). 

Carbon dioxide has a significant effect 
on the average temperature of the earth's 
surface and lower atmospheric layers as a 
result of the gas's large infrared opacity, 
which produces a "greenhouse effect." 
Because of the CO 2 content the earth's 
average surface temperature is now 35 K 
higher than the bolometric temperature of 
the earth as seen from space. Clearly, 
further increases in atmospheric CO 2 
concentration can be expected to raise the 
earth's average surface temperature even to 
the extent of overwhelming other mechanisms 
that give rise to natural climatic fluctua
tions. 

A measurement of CO 2 abundance based on 
solar absorption spectroscopy taken at the 
turn of the century is important for two 
reasons. It would provide independent cor
roboration with other results, which have 
placed the increase of the atmospheric 
carbon dioxide abundance in the twentieth 
century at about 10%, and it would provide 
a measurement very different from that used 
in carbon dioxide research to date. In par
ticular, the absorption method measures the 
total column of carbon dioxide in the 
atmosphere between the observer and the 
sun, rather than a local value that may be 
subject to the vagaries of local conditions. 

In the past year, the present research 
program has focused on: evaluating the 
required accuracy of any technique designed 
to contribute to the historical study of 
the carbon cycle and determining abundances. 
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The accuracy requirements for carbon dioxide 
abundance studies were estimated in several 
ways. In particular, over and above any 
long-term change in the CO 2 , there appears 
to be an annual variation in CO 2 concentra
tion. At Mauna Loa this variation amounts 
to approximately 1% of the total CO 2 
abundance (Keeling et al. 1976). 

Since the older spectroscopic data was 
not accumulated with the goal of either 
detecting or correcting for seasonal effects, 
this annual variation must be viewed as a 
source of noise in the measurement that 
eventually will limit the accuracy of the 
technique. Therefore, the goal of the 
analyses of archival data need only be a 
fractional accuracy of between 1 and 2%. 
However, any new measurement effort must 
meet the time resolution requirement and 
should be as accurate as possible. 

The analysis of the abundance of an 
atmospheric constituent using absorption 
spectroscopy is in principle extremely 
simple. Invert the relationship 

where 

(1 a ) 

and solve for the abundance of the element 
N. In Equation la, line absorption is 
referred to, such that Iv is the observed 
intensity at frequency v in the line, I is 
the intensity of the sun's radiation atO~he 
top of the atmosphere and T is the optical 
depth. Equation "Ib represents optical 
depth as integral along the path from the 
observer to the top of the atmosphere. The 
three terms in this equation are: N(t) 
the number density of the atom or molecule 
of interest, ¢v(t) the line profile func
tion, and P(t) the population factor of the 
ground-level of the absorption. Each of 
these is a function of position in the 



atmosphere making the inversion problem 
quite difficult in practice. 

starting point, a method that automatically 
gives the wavelengths of lines found in a 
digitized spectrum has been developed. This 
scheme is extremely important since the 
spectral region chosen for analysis, the 1 

The data that are now in hand for 
analysis are given in Table 1.16. In 
Figure 1.27, the epochs of four major 
landmarks in solar absorption spectroscopy 
are shown on a diagram that also gives the 
historical production of carbon as a result 
of man's activities (Baes et a1. 1976). 

to 2.5 micron region, contains well in excess 
of 10,000 lines, more than 7,000 of which 
originate in the earth's atmosphere. The 
second step in the analysis is the placement 
of the solar continuum that is the reference 
level against which the strength of the 
telluric absorption lines is measured. The 
continuum placement scheme is now being 
tested on the two sets of Hall data 

The first two areas of concern in the 
analysis of the data have been line identi
fication and continuum placement. Using a 
line identification scheme contained in the 
REDUCER data reduction package, developed 
by Kitt Peak National Observatory, as a 

(Table 1.16) and some Fourier transform 
spectra recently taken at Kitt Peak National 
Observatory. 

~4.0 
";:3.0 
0:: 

~ 2.0 
"-
'" 0 
::E ... 1.0 <t 
w 0.8 
I ... 
~ 05 
z 0.4 

§03 

;;; 0.2 

"" ... 
z 
w 
;1 0.1 
> 
5 
0 
w 

TABLE 1.16. Spectral Data Being Prepared for Analysis. 

Data, Observer and 
Location Wavelength Range,1l Date 

Spectra I Atlas 0.84 to 2.52 1950 
(Mohler et ai, Mt. Wilson)(a) 

Spectral Atlas 1 to 2.5 1970 
(Hall, KPNO)(a) 

Spectral Scans 1.57 1975 
(Hall, KPNO)(b) Band of C02 

Spectral Scans 1.57 1978 
(Hall, KPNO)(b) Band of CO2 

FTS Spectra 1 to 2.5 1978 
(Stokes, KPNO)(b) 

(a) See Section 4 for references. 
(b) Available from Battelle Observatory, Richland, Wa 
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FIGURE 1.27. Epochs of Four Major Solar Spectral Atlases 
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