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Abstract
Measurement of atmosphere constituents altitude distribution is important component 
of atmosphere monitoring (atmosphere physics and chemistry, global warming, etc.). 
Central aerological observatory of Russia has airplane-laboratory M55 (22 km altitude) 
[1]. Due to Russian state program airplane-laboratory based on Jak-42d (9.1 km 
altitude) is under development [2]. GPI is developing TDLS based complexes to 
measure H2O, CO2, CO, CH4 concentration [3]. 
To select analytical spectral lines and to optimize the complexes operation modeling of 
atmosphere constituents spectra up to 25 km altitude is necessary subject of present 
paper. Software “line-by-line” was developed to model atmosphere constituents’ 
spectra. Software developed is using molecular spectral data from HITRAN 2008 [4] 
as well as atmosphere models available. Using software developed several 
atmosphere constituents (, etc.) spectra altitude dependences were modeled. 

[1] http://www.aviaport.ru/directory/aviation/m55
[2] http://www.aviaport.ru/directory/aviation/jak42d/
[3]  V.Galaktionov, V.Khattatov, A.Nadezhdinskii, Ya.Ponurovskiy, D.Stavrovskii, I.Vyazov, 
V.Zaslavskii , TDLS complex development for airplane-laboratory “Atmosphere”, p.44. 
ABSTRACTS OF PAPERS 7th International Conference on Tunable Diode Laser Spectroscopy, 
July 13-17, 2009 Zermatt, Switzerland
[4] http://cfa-www.harvard.edu/HITRAN



Airplane - laboratories

M-55
Speed 740 km/h

Distance 1350 km
Altitude 22 km

Central aerological observatory of Russia has in operation airplane-laboratory M55.

Jak-42d
Speed 730 km/h

Distance 4100 km
Altitude 9.1 km

Due to Russian state program airplane-laboratory based on Jak-42d (9.1 km altitude) 
is under development. 



The complex operation parameters

The complex water channel contains 
additional module to measure 
atmosphere turbulence (right). 
Parameters: P and T are atmosphere 
pressure and temperature, 
respectively, L = 40 cm.

Following molecules were selected for detection. Molecule Concentration 
variation, ppm

H2O 3-15000
CO2 363-365
CH4 1.6-1.8
CO 0.05-0.12

Mirror
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“Chernin” matrix optical system (left) is using to 
measure molecules concentration. Parameters:           
P = 100 mBar, T – room temperature, L = 40 m.



Atmosphere models

Pressure (left), temperature (mid), and humidity (right) vs. altitude for six model 
atmospheres: tropical (TROP), midlatitude summer (MS), midlatitude winter (MW), 
subarctic winter (SW), and US standard (US STD).
For majority of modeling US standard atmosphere model was used.

Six atmosphere models were considered. 



Spectra modeling
Spectra modeling was based on HITRAN 2008 spectral database [1], atmosphere 
models considered in previous slide, and software “LINE-by-LINE” developed [2].

[1] http://www.cfa.harvard.edu/HITRAN/
[2] A.Nadezhdinskii, Ya.Ponurovskiy, “LINE-by-LINE” SOFTWARE FOR SPECTRA SIMULATION ”, p.59. 
ABSTRACTS OF PAPERS 7th International Conference on Tunable Diode Laser Spectroscopy, July 13-17, 
2009 Zermatt, Switzerland

Parameters of HITRAN 2008 spectral database.



“LINE-by-LINE” software

User can select molecule from HITRAN 2008, can determine experimental
parameters: total and partial pressures, temperature, optical length, and spectral
range. The software performs convolution of model spectrum with spectral line shape.
In present case water vapor spectrum modeling is presented.
“LINE-by-LINE” can analyze spectra of 4 different molecules.



“LINE-by-LINE” additional options

Water vapor spectrum (white)
convolution with Gaussian function
with HWHH 0.06 cm-1 (red).

Water vapor absorbance second
derivative.



Water channel

H2
16 O -red, H2

18 O -green, H2
17 O –blue , HDO-white

Tasks of water vapor channel: humidity and isotopes ratio measurements inside
“Chernin” matrix optical system, humidity and turbulence measurements outside of
airplane. Spectral range near 1.39  was selected as analytical one.

Model water vapor spectra for following parameters: L=40m, P=100mBar, C=1700ppm



Humidity and isotopes measurements in 
“Chernin” matrix optical system
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Model water vapor spectrum and lines
identification.
Parameters: L = 40 m, P = 100 mBar,
natural abundance.

Altitude dependence of maximum line
absorbance for different water atoms isotopes.

Conclusion: Different isotopes can
be detected up to 25 km altitude.
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Humidity and turbulence measurements in 
open atmosphere 
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Analytical line absorbance modeling for
different altitudes.
Parameters: L = 40 cm.
US standard atmosphere was used.

Maximum absorbance as function of
altitude.
Conclusion: Absorbance is high
enough to measure turbulence.
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CO2 channel

Isolated spectral line 6248.5779 cm-1 was
selected as analytical one.
Left - analytical line max absorbance vs. altitude.

Conclusion: Absorbance is high
enough to measure CO2 concentration
for altitudes up to 25 km.

Tasks of CO2 channel: CO2
concentration and isotopes ratio
measurements inside “Chernin”
matrix optical system.
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Parameters: L = 40 m, P = 100
mBar, Red - H2O (15000 ppm),
green - C02 (365 ppm), blue -
CH4 (1.8 ppm).



Ratio 13CO2:12CO2

Parameters: L = 40 m, P = 100 mBar, Red – 12C16O2 (365 ppm), green - 13C1602 +
13C16O18O (natural abundance), white - CH4 (1.8 ppm).
Spectral lines 6249.6694 and 6249.9753 cm-1 were selected as analytical ones to
detect 12C16O2 and 13C16O2, respectively.
Conclusion: Absorbance is high enough to measure 13C/12C ratio
for altitudes up to 25 km.



CH4 channel

CH4 multiplet 6057.08 cm-1 was selected as
analytical line.
Left - analytical line max absorbance vs. altitude.

Conclusion: Absorbance is high
enough to measure CH4 concentration
for altitudes up to 25 km.

Task of CH4 channel: measure
CH4 inside “Chernin” matrix
optical system.

Parameters: L = 40 m, P = 100
mBar, blue - CH4 (1.8 ppm), red -
H2O (15000 ppm), green - C02
(365 ppm).
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CO channel

Spectral line 4291.4994 cm-1 was selected as
analytical line.
Left - analytical line max absorbance vs. altitude.

Conclusion: Absorbance is high
enough to measure CO concentration
for altitudes up to 25 km.

Task of CO channel: measure
CO inside “Chernin” matrix
optical system.

Parameters: L = 40 m, P = 100
mBar, white - CO (0.1 ppm), blue
- CH4 (1.8 ppm), red - H2O
(15000 ppm), green - C02 (365
ppm).
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Conclusion
Software “line-by-line” was developed to model atmosphere 

constituents spectra. Software developed is using molecular spectral 
data from HITRAN 2008 as well as atmosphere models available. 
Using software developed several atmosphere constituents (H2O, 
CO2, CO, CH4) spectra altitude dependences were modeled.

Modeling performed shows:
1. Different water molecule isotopes can be detected up to 25 km 

altitude.
2. Water absorbance is high enough to measure atmosphere 

turbulence.
3. CO2 concentration can be measured for altitudes up to 25 km.
4. 13C/12C ratio  can be measured for altitudes up to 25 km.
5. CH4 concentration can be measured for altitudes up to 25 km.
6. CO concentration can be measured for altitudes up to 25 km.


