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Remote sensing based on spectroscopic techniques delivers a variety of information about the Earth 

atmosphere, such as pressure and temperature profiles [1],  clouds parameters [2], and its chemical 

composition needed for tracking and understanding climate changes [3], identifying sources and kinds of 

pollutants [4], and providing data on the air quality [5]. 

Many of the above applications require high measurement accuracy, which cannot be achieved without 

high-quality reference data regarding positions, intensities, and the shape of spectral lines [6,7]. Over the 

years, a vast amount of spectral data has been collected and stored in spectral databases, such as HITRAN 

[8]. However, in many cases, the data quality is relatively low: sub-percent accuracy requirements of the 

remote sensing meet data with line intensities characterized by few-percent uncertainties and incomplete 

sets of lineshape parameters. 

Additional difficulty regarding atmospheric applications results from very long absorption path lengths. It 

causes a demand for reference data regarding low-intensity absorption bands, which are challenging in 

laboratory measurements. Such measurements often require absorption path enhancement with the use 

of optical cavities. Also, the most accurate measurement techniques, such as cavity ring-down 

spectroscopy [9], cannot provide a sufficiently large datasets. The last issue can be solved through the 

effective collaboration between experimental and theoretical groups, which may lead to predicting 

spectral parameters for unmeasured transitions if high-quality experimental data is used to support 

theoretical calculations [10]. I will present some of the most accurate measurement techniques applied to 

molecules of atmospheric importance, such as oxygen, carbon monoxide, and carbon dioxide, both in 

Doppler-limited and Doppler-free regime. 
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