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The method of determination of the total ozone content (TOC) from measurements of the 
differential attenuation of solar radiation by the atmosphere in the near UV spectral range (300–
350 nm) is, in fact, a standard method being one of the most common in use. In this case, the aerosol 
and molecular scattering are taken into account and it is conventionally believed that the ozone 
exclusively determines the molecular absorption in this spectral range. The investigations carried out 
in the 1980–1990s at the Institute of Atmospheric Optics SB RAS have shown that there exists a 
weak absorption by water vapor in this region. The total water content in the atmosphere is large 
enough to contribute to the measured difference of the atmospheric optical depths and to result in a 
systematic error. In this case the TOC value, determined without the account of water vapor, may 
appear to be overestimated. The estimates made in the paper indicate that the correction value can 
reach tens of percent. 

 

Many monographs and hundreds of papers are 
devoted to the problems of atmospheric ozone and, in 
particular, to the techniques of ozone 
measurements.1–6 Ozone is one of the most important 
components of the atmosphere, its regular monitoring 
is performed at more than 100 ozonometric stations 
throughout the world. The total (integral over the 
whole atmospheric thickness) ozone content (TOC) is 
measured by the absorption of direct, scattered in the 
atmosphere, or reflected by the moon solar radiation. 
In some cases bright stellar radiation was used. The 
spectrophotometric technique of TOC determination 
is based on the Bouguer law. Using this law, the 
attenuation of solar radiation in the atmosphere is 
taken into account occurring due to molecular 
(Rayleigh) scattering, extinction by aerosol, and due 
to absorption by ozone. 

As a rule, the optical thickness of the 
atmosphere is measured at two adjacent wavelengths, 
one of which is in the region of local maximum, and 
another is in the region of local minimum of the 
ozone absorption spectrum. Such a differential 
procedure enables one to substantially suppress 
negative effects of different factors interfering the 
measurement accuracy. The greatest amount of 
measurements have been conducted in the near UV 
range (305–340 nm, the Huggins absorption band of 
the ozone), very seldom – in the visible (470–
722 nm, the Chappuis band), and in the IR-range 
(band – 9.59 µm). 

For the operation in the UV-range different 
instruments were designed: the Dobson 
spectrophotometer, which is the basic instrument for 
TOC measurements at the world ozonometric 
network, the Bruer spectrophotometer, filter 
instruments like M-83 and M-124, different 
spaceborne spectroradiometers, and so on.3,6 Without 
analyzing the differences in the instruments, it should 

be noted that for all the instruments one and the 
same “technology” is used. 

 

 
Fig. 1. The ozone absorption spectrum.7 The Huggins 
absorption band is marked. The value of k is given in units 
cm–1

 ⋅ atm–1, the logarithm base is 10. 
 

We can safely assume that the differential 
optical thickness ∆τ12 of the atmosphere measured at 
the wavelengths λ1 and λ2 consists of the differential 
optical thickness of ozone ∆τO3

, the differential 

molecular scattering ∆β12, and differential attenuation 
by aerosol ∆δ12: 

 ∆τ12 = ∆τÎ3
 µ + ∆β12 m + ∆δ12 m′ 

(where µ, m, and m′ are the masses of the ozone, air 
and aerosol in relative units taking into account the 
direction toward the sun). 

For the sake of simplicity assume that the TOC 
is measured along the zenith direction and therefore 
there is no need for taking account of the relative 
masses of ozone, air, and aerosol; total ozone content 
X is calculated from the expression 

 X = (∆τ12 – ∆β12 – ∆δ12)/∆α12, 

where ∆α12 is the difference of the ozone absorption 
coefficients at the wavelengths λ1 and λ2. In the 
Dobson spectrophotometer four pairs of wavelengths 
A, B, C, D are used,1 in which the differential 
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absorption coefficient differs approximately by a 
factor of 5.  

The dependence β(λ) for atmospheric air has 
been studied in detail in Ref. 8. In the simplest case, 
∆δ can be taken zero (“gray” aerosol scattering), but 
this result in significant errors. Most often, the 
spectral dependence of aerosol attenuation in the 
wavelength range, used for TOC determination, is 
described by a linear law. Then at simultaneous data 
processing based on 2 (or more) pairs of wavelengths 
the dependence on aerosol disappears. 

Analysis of measurement errors in TOC 
measured using the Dobson spectrophotometer by 
two pairs of lines AD was conducted by the experts 
of the World Meteorological Organization,9 and the 
result is given in Table 1. 

 

Table 1. Estimation of relative measurement errors  
in TOC made by experts from the WMO [see Ref. 9] 

Type of error Estimation, %

Systematic errors  
Ozone absorption  ±0.7 
Temperature of the stratosphere ±0.5 
Instrument drift ±3 
Aerosol effect ±1 
Pollution of the troposphere:  

à) ozone ±1 
b) other absorbers (SO2, NO2, HNO3, 
CH2O, N2O, N2O5, H2S) 

 
±2 

Cloudiness ±1 
Random errors  

Direct solar radiation, pair AD:  
optimal ±1 
average ±3 

Radiation from the sky zenith:  
optimal ±2.5 
average ±5 

 

In the literature5 one can find a detailed 
analysis10 of the effect of surface sulfur and nitrogen 
dioxides on the accuracy of TOC measurements using 
Dobson spectrophotometers. For maximum possible 
concentrations of the above-mentioned impurities the 
error they give in TOC measured using the A pair of 
lines is 29.5 and 14.5%, and 25.6 and 5.4% if using 
two pairs of lines, AD, for SO2 and NO2, 
respectively. However, in non-industrialized regions, 
where, as a rule, the ozonometric stations are located, 
the atmospheric pollution is 1 or 2 orders of 
magnitude lower and hence the measurement error in 
TOC due to the influence of the above species will be 
1 or even 2 orders of magnitude smaller.5 

Direct comparisons of different prototypes and 
types of ground-based instruments have shown2,6 that 
the maximum discrepancy is about 8% at its mean 
value of 4.8%, which is in a good agreement with the 
estimates by the experts from the WMO. 

However, it was many times pointed at the 
discrepancies in TOC determined from the readouts 
of Dobson instruments taken using different pairs of 
wavelengths.11–13 Filter ozonometers that use several 
bands are also characterized by stable differences in 
estimating X if using various pairs.14,15 A pronounced 

(up to 14%) discrepancy between the results takes 
place in determining TOC over oceanic regions16 and 
over sea waters.3 The authors of Ref. 3 believe that it 
is the aerosol that is responsible for this discrepancy.  
 A possible effect of the atmospheric water vapor 
on the determination of TOC in the near UV spectral 
range has not been discussed in the above-mentioned 
papers and the papers published in 2003.17 The 
investigations carried out at the IAO SB RAS in the 
1980–90s,18–25 have shown that water vapor has a 
weak nonselective absorption in the range from 265 
to 350 nm (Fig. 2).  

The absorption spectrum in this range was 
measured using a multipass gas cell with the distance 
between mirrors of 2.2 m, and in more narrow 
intervals – using a cell with the distance between 
mirrors of 110 m, using a photoacoustic method. The 
values of the absorption coefficients measured in 
Refs. 19 and 21 exceed those obtained in Ref. 24 by 
20 times (a detailed analysis of combined data is 
given in Ref. 26 as well as the possible causes of such 
a significant discrepancy). 

 

 
Fig. 2. The water vapor absorption according to 
literature19,21 data. The value of k is given in units of  
cm–1

 ⋅ Torr–1
 ⋅ 10–6, the logarithm base is e. 

 

At present, no any comprehensive physical 
concept or theoretical description exists of the nature 
of absorption by water vapor in the near ultraviolet 
range discussed. The vibration-rotation H2O 
absorption spectrum in the near UV-range is 
traditionally considered to be very weak and the 
strongest bands may be connected only with high 
overtones of the stretching vibrations. 

The most recent model calculations27,28 have 
shown that for vibrational states near the dissociation 
limit, whose wave functions are localized near the 
linear HOH configuration, nonadiabatic effects 
strengthen the corresponding transitions due to the 
intensity transfer from the strong electron band B1A1. 
This interaction of states occurs due to a strong 
centrifugal distortion of a rotating molecule having 
nearly linear configuration. The portion of 
transferred intensity is 10–4–10–6 of the B band 
intensity that results in the absorption coefficients of 
the order of 10–6–10–7 cm–1 ⋅⋅⋅⋅ Torr–1, which agree 



M.M. Makogon et al. Vol. 16,  No. 11 /November  2003/ Atmos. Oceanic Opt.  893 
 

 

with the experimental data. Because the excited 
electron state B1A1 is decomposing, then due to the 
predissociation the “intensified” band must be diffuse 
(that fully corresponds to the experimental 
observations). 

It should be noted that earlier Tennyson and 
Mussa29 calculated the vibrational states of H2O up 
to the energy of dissociation. According to their 
analysis of wave functions, among 200 highest H2O 
states, the states are available (with the power about 
4.5 eV (278 nm)), whose wave functions are highly 
localized in the bending coordinate. This implies that 
such states must be considered as high overtones of 
bending vibration, for which the above-mentioned 
effect should be observed. 

The first attempt to take account of the 
absorption by water vapor in the near UV range, as a 
factor with the atmospheric-optical manifestation, 
was done in Ref. 30. The authors evaluated the effect 
of water vapor on the measurement of ozone by the 
lidar sensing technique. The use of absorption values 
from Refs. 19 and 21 (it is well known now that the 
values are overestimated) has resulted in the 
“corrections” that changed the value of the ozone 
concentration by a factor of up to 8. However, special 
measurements made by researchers from the USA31 
did not support the conclusions drawn in Ref. 30. 

The data19,21 on the spectrum of absorption by 
water vapor were used with much success in Ref. 32 
to fit the atmospheric transmittance spectrum to the 
calculated one. The measurement error of spectral 
atmospheric transmittance in the UV range did not 
exceed 1% in the range near 310 nm and 0.2% in the 
range near 400 nm. To explain the obtained data, the 
authors had to take into account the H2O 
contribution to the extinction of UV radiation, which 
at the wavelength of 310 nm was about 3% from the 
total attenuation value. To fit the data, the authors 
had to decrease also the measured19,21 absorption 
coefficients by a factor of 20. Therefore there are 
strong grounds to believe that this corrected water 
vapor absorption spectrum is quite realistic (Fig. 3). 
 We used the spectral dependence of water vapor 
absorption corrected in this way to assess the value of 
differential optical thickness ∆τH2O and a possible 

contribution of water vapor absorption to the 
measurements of TOC. 

Let us estimate the effect of atmospheric water 
vapor on the determination of TOC as follows. First, 
we determine the water vapor column density using 
different models of the atmosphere, then we find the 
differential optical thickness of water vapor at 
different lines and the correction in ∆X to the 
determined TOC value by the formula: 

 ∆X = Xtrue – X = – ∆τÍ2Î
/∆α12 

(here Xtrue is the true value of TOC). The spectral 
behavior of the H2O absorption coefficient is similar 
to the behavior of the ozone absorption coefficient, 
therefore the correction should be negative, and the 
values of TOC, determined without the account of 

the effect being studied, turned out to be 
overestimated. The values of the quantities of ∆α12 
used are standard for the ozone measurements.1 

 

 

Fig. 3. The ozone and water vapor absorption spectrum7 
(corrected data21); the ozone absorption coefficients are 
taken using the logarithm base 10, and in case of water 
vapor – for the base e. A–D denote pairs of lines used for 
determining TOC in the Dobson spectrophotometer. 

 

Thus assessed values of systematic correction 
when measuring TOC in different models of the 
atmosphere are given in Table 2.33 

It should be noted that in the region of weak 
ozone absorption the water vapor absorption 
coefficients were determined with a great error and 
the assessments given are not reliable. In view of this 
fact the result in the last column of the table cannot 
be considered to be optimistic. Nevertheless, from 
Table 2 it follows that the discussed systematic 
correction to the TOC value, whose mean value is 
370 Dobson units, in some cases far exceeds other 
possible measurement errors of TOC (see Table 1). In 
case of determining TOC by the instrument placed on 
top of a hill, the optical thickness of water vapor 
decreases and the value of a systematic error also 
decreases. 

The comparison of data of the spaceborne 
ozonometric (system TOMS, USA) and ground-based 
instruments in Lerwick (Great Britain) and in 
Yakutsk6,34 may serve a definite indication of the 
necessity of introducing such a systematic correction. 
In Lerwick the Dobson spectrophotometer was used 
and in Yakutsk a modernized M-83 ozonometer was 
used. Data obtained during two years, in 1981 in 
Yakutsk and in 1982 in Lerwick, were compared. The 
discrepancy between the readouts varied from +10% 
to –15% and on the average the values of TOC, 
measured by the spaceborne instrument, are lower 
than those measured with the ground-based 
instruments by 3–4% (Yakutsk) and 5–8% 
(Lerwick). Lower values obtained with the 
spaceborne instrument appear explicable because an 
observation path does not go through the lower levels 
of the atmosphere where water vapor is concentrated. 
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Table 2. Estimation of the systematic correction in the determination of TOC 

Pairs of wavelengths A B C D AD 

λ1, nm 305.5 308.8 311.4 317.6  
λ2, nm 325.4 329.1 332.4 339.8  

∆αÎ
3
, cm–1

 ⋅ atm–1 (according to base 10) 1.748 1.140 0.800 0.360 1.388 

∆αÎ
3
, cm–1

 ⋅ atm–1 (recalculated  

according to the base e) 
 

4.026 
 

2.625 
 

1.842 
 

0.829 
 

3.197 

∆αÍ
2
Î, 10–8 cm–1

 ⋅ Torr–1 (according  

to logarithm base å) 
 

3.64 
 

3.95 
 

4.07 
 

3.44 
 

0.20 

 tropics 4.238 
Atmospheric mid-latitude summer 2.936 

thickness Í2Î, mid-latitude winter 0.786 

106 cm ⋅ Torr subarctic summer 2.011 

 subarctic winter 0.388 

tropics 0.1543 0.1675 0.1726 0.1459 0.0085 

mid-latitude summer 0.1069 0.1160 0.1195 0.1010 0.0059 

mid-latitude winter 0.0286 0.0310 0.0320 0.0270 0.0016 
subarctic summer 0.0732 0.0794 0.0818 0.0692 0.0040 

∆τÍ
2
Î 

subarctic winter 0.0141 0.0153 0.0158 0.0134 0.0008 

tropics 38 64 94 176 2.7 
mid-latitude summer 26 44 65 122 1.8 
mid-latitude winter 7 11 17 33 0.5 
subarctic summer 18 30 44 83 1.2 

Correction to Õ, 
Dobson units 

subarctic winter 3 6 9 16 0.2 

 
Note from the literature35 that for correcting the 

satellite measurements of TOC in the infrared range 
and for achieving the agreement with the results 
measured in the ultraviolet spectral range the effect 
of atmospheric water was taken into account. The 
edge of the water vapor absorption band is at 
λ = 9.59 µm. 

Corrections for the determined values of TOC 
due to the discussed effect may appear to be 
significant because many atmospheric processes 
depend on the ozone content. Thus, if the ozone 
concentration in the atmosphere changes, the 
radiation fluxes undergo changes and, as a 
consequence, the atmospheric temperature profile 
changes too, see, for example Refs. 36 and 37. Then, 
the variation of TOC results in the variation of the 
ultraviolet radiation intensity reaching the Earth’s 
surface. The optical thickness of the atmosphere in 
the region of maximum ozone absorption is about 40, 
therefore a 10% decrease in TOC results in the 
increase of the radiation flux in this spectral range by 
more than ten times that should be taken into 
account by biologists. Thus the effect put forward for 
discussion cannot be ignored and should be analyzed 
in detail based on carefully arranged special 
measurements of absorption by water vapor. 
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