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Methane CH4 is an important trace component in the atmosphere,
because of its contribution to global warming as well as its role in 
complex feedback mechanisms in tropospheric and stratospheric 
chemistry. Spectroscopic knowledge of the methane spectrum is 
required for numerous remote sensing applications. Astronomical 

objects with detectable methane abundances typically include 
planets, moons and comets in our solar system. The remote 

control of methane the required absolute high accuracies of the 
line parameters (0.0001 cm-1 for positions, 1-2% for intensities 

and broadening). But in modern stage of spectroscopy 
observations can be taken with better signal to noise and high 

resolution not all spectral bands. Also the theoretical models are 
dificult to implement and the spectrum is challenging to interpret,

the database for methane has envolved as a mixture of theoretical 
predictions for the longer wavelengths and incomplete empirical 

results for the currently intractable regions.



ACTIVE SENSORS FOR METHANE DETECTION

CO2-laserOPG,
CO-laser

HeNe-laser



PASSIVE SENSORS FOR METHANE DETECTION

HIGH SPECTRAL RESOLUTION SENSOR: IMG, TES, SCIAMACHY,
GOSAT, IASI

BROADBAND RESOLUTION SENSOR: MOPITT

IMG,
TESMOPITT,

SCIAMACHY
GOSAT

IASI



SPACE-BORNE INSTRUMENTS FOR METHANE DETECTION
Satellite Device Method Profile (P),

Total content (TC)
Altitude range

km
SHUTTLE CIRRIS Limb P 10-80

UARS CLAES Limb P 10-50
UARS HALOE Occultation P 10-50

EOS-CHEM HIRDLS Limb P 10-50
AQUA MOPITT Nadir TC -

METOP-1,-2, ESA IASI Limb P 1-30
ADEOS ILAS Limb P 10-60

ADEOS-II ILAS-2 Limb P 10-60
ADEOS IMG Nadir TC / P 10-50
UARS ISAMS Limb P 10-80

ENVISAT-1, ESA MIPAS Limb P 5-50
ENVISAT-1, ESA SCIAMACHY Occultation,

Limb, Nadir
P / TC 5-70

EOS-AM 2-3 TES Nadir,
Limb

P / TC 10-60

Spacelab (ATLAS) ATMOS Occultation P 25-60
EUMETSAT IASI Nadir P / TC 1-15



U nifo rm  op tical a tm ospheric  path  (p ressu re  P , tem perature  T  ~  const)
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w here L  is  the  path  length , x  is  the  concentration , N g is the  num ber o f gases
in  air and  K  is  the  absorp tion  coefficien t.

A bsorption  coefficien ts  depends on  spectroscopic  abso rp tion  line  param eters
( oS να ,, ):
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here S  is  the  in tensity  o f abso rp tion  line, α  is  the  halfw idth  and  oν  is  the
center o f line .
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Not uniform optical atmospheric path (P, T    ≠ const)
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where H, h0 are the low and high altitude and t is the transmittance.
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M e a s u r e d  s p e c t r a l  r a d ia n c e  ( t r a n s m i t t a n c e )  i t  i s  c o n n e c te d  w i th  t r u e  r a d ia n c e
a n d  s l i t  f u n c t io n  A ( )  o f  th e  d e v ic e  b y  a  r a t io :
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E q u a t io n s  (1 -2 )  r e p r e s e n t  a  m o n o c h ro m a t i c  k in d  o f  r a d ia t io n ,  a n d  (3 )
r e p r e s e n t  th e  c o n v o lu t io n  o f  th e  t r u e  r a d ia t io n  w i th  th e  s l i t  f u n c t io n  o f
d e v ic e .
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IN F O R M A T IO N  A B O U T  M E T H A N E  SP E C T R O SC O P IC
D A T A  S  D A T A  B A SE  H IT R A N  2004

Isotopic abundance used  fo r H IT R A N
M olecu le Isotop e A b u n d an ce

12C H 4 0.98827
13C H 4 0.01110C H 4

12C H 3D 0.00061





SPECTROSCOPIC ANALYSIS OF THE MAIN ISOTOPE 12CH4 ABSORPTION
BAND

DYAD PENTAD OKTAD TETRADECAD
1200-1600 см-1 2200-3250 см-1 3500-4800 см-1 5200-6700см-1

10-4 2*10-3 (4*10-4) 4*10-2 (5*10-3) -
3% 3% (2%) 15% (5%) -

8*10+3 / 200

For isotope methane 13CH4 on this day present experiment data up to 5000
cm-1 and processing only up to PENTAD.

SPECTROSCOPIC ANALYSIS OF THE MAIN IZOTOPE 12CH3D
ABSORPTION BAND

TRIAD NONAD HIGH STATES
900-1700 см-1 1900-3250 см-1 3250-3700 см-1

10-3 10-3 -   (10-3)
3% 3% -   (4%)

The yellow color is the prospective progress in methane analysis.



C A L C U L A T I O N  T R A N S M I T T A N C E  O F  T H E  A T M O S P H E R E
A N D  M E T H A N E  O N  T H E  O P T I C A L  P A T H  0 - 1 0 0  k m
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ABSORPTION COEFFICIENTS OF THE GASES ABSORBING
SOLAR RADIATION IN 1.6 mkm SPECTRAL BAND
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ABSORPTION COEFFICIENTS OF THE GASES ABSORBING SOLAR
RADIATION IN 10 mkm SPECTRAL BAND
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