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ABSTRACT

The results of atmospheric CO,, CH,; and CO measurements are presented. The measurements were made in air
samples collected at heights of 4, 25, 100, 200 and 300 m above ground, and in the atmospheric column in Obninsk,
Russia (55.11 N, 36.57 E, 183 m asl).

INTRODUCTION

The method applied at the stations for CO,, CH, and CO content monitoring in the atmosphere is based on the
estimation of a gas concentration in an air sample taken near the ground. The spectroscopic method is used for
determining CO,, CH, and CO contents in the atmospheric column from the solar radiation spectra. The application
of these two kinds of data gives a possibility to investigate the peculiarities of CO,, CH, and CO propagation in the
atmosphere vertically from the sources located on the ground. Therefore, for a more detailed investigation of spatio-
temporal variability of CO,, CH, and CO joint measurements of their contents in the atmospheric column have been
started from the High Meteorological Mast (HMM) at heights of 4, 25, 100, 200 and 300 m.

INSTRUMENTATION AND METHOD

The instrumentation complex used for the measurements of CO,, CH, and CO contents in the atmospheric column
consists of a system tracking the Sun and an automatically controlled spectrometer. The measurement method is
based on the registration of solar radiation spectra in the spectral ranges including the oscillation-rotation absorption
bands of CO,, CH, and CO and on the determination according to them of the atmospheric transmission function.
The dependence of the transmission function is calculated with the use of spectrum fine structure parameters from
the HITRAN-04 database, vertical profiles of pressure, temperature, humidity, concentrations of CO,, CH, and CO.
The spectrometer has the spectral resolution of (0.2 — 0.4) cm ~ in the operation range of (2000 — 5000) cm™. The
analysis of air samples is made at the instrumentation complex comprising a Fourier spectrometer with a spectral
resolution of 0.5 cm™, a multipass optical cell and a system for sample preparation. The multipass optical cell
provides an absorbing layer of 30 m at the base length of 1 m and the operation volume of 0.012 m®. The
technological gas system is used for air pumping and pumping out and for temperature and pressure control. The
concentrations of CO,, CH, and CO are determined at comparing the experimental spectrum presenting a radiation
spectrum absorbed by an air sample in the multipass optical cell and with a modeled one calculated over the
parameters of spectral lines from the HITRAN-04 database.

MEASUREMENT RESULTS

A direct comparison of the results of CO,, CH, and CO measurements in the atmospheric column and in the air near
the ground is impossible because the first results characterize total contents and the second ones concern
concentrations in an air sample. Therefore total contents of the gases were recalculated as mean height-averaged
concentrations under the condition that CO,, CH, and CO are vertically uniformly mixed.

Fig. 1 gives CO,, CH 4, and CO concentrations obtained from the measurement results made in the atmospheric
column and in the air near the ground at a height of 4 m. The comparison has shown that:
= seasonal variations of CO, in the atmospheric column differ both in amplitude and phase from CO,
seasonal variations in the air near the ground that depend on the ground-based sources and sinks of carbon
dioxide;
= seasonal variations of CH, and CO in the atmospheric column and in the air near the ground coincide in
phase as the source of these gases is their interaction with the hydroxyl in the troposphere;
= for CO, and CH, concentrations an agreement is seen in the atmospheric column and in their minimal
values in the air near the ground;



= adiscrepancy in phases of CO, seasonal variations and of CO amplitude seasonal variations is determined
by the character of a vertical distribution of theses gases in the atmosphere, that is confirmed by the data in
Fig. 2, where the results of CO,, CH, and CO concentration measurements made at heights of 4, 25, 100,
200 and 300 m are given.
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at heights of 300 m (13, 200 m (2), 100 m (3), 25 m (4),

concentrations measured in air near the ground (1) 4 m (5, CMDL-300 m (5)

and in the atmospheric column (&)

Fig. 2 also gives concentrations of CO,, CH,and CO at a height of 300 m obtained from the results of analysis of air
samples made at the CMDL.

CONCLUSIONS
The results obtained demonstrate that for the investigations of CO,, CH, and CO contents in the continental
conditions the measurements of these gas constituents in the atmospheric column are reasonable.
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