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Radiative transfer in 
refractive atmoshere

Erkki Kyrölä
Finnish Meteorological Institute

1. Backg round
2. Refract ive effects

3. Scint i l lat ions
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Global Ozone Monitoring by Occultations of Stars
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DAY AND NIGHT MEASUREMENTS
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Geo loca t i on:  shor t  occu l ta t ion
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Geo lo ca t i on: long occul tat ion
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Increasing density gradient

differential refraction
intensity reduction

Measurement physics:  refractive di lut ion
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Tdil(λ,z)= 1

1+L dδ
dz

Here: 
   L= distance between the tangent point and the satellite 

 d= refraction angle 
 z=tangent height  

δ

δ+dδ

A1
A2

=

A1

A2
L

D I L U T I O N  T R A N S M I S S I O N
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T(λ,z,t)
T(λ,z,t)

z

z

D i f f e r e n t  c o l o r s -d i f f e r e n t  t a n g e n t  a l t i t u d e s

Measurement  physics:  chromatic  refract ion
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T(λ,z,t2) 

T(λ,z,t1) 

D i f f e r e n t  c o l o r s -d i f f e r e n t  r e f r a c t i o n  a n g l e s -d i f f e r e n t  t i m e s

Measurement  physics:  chromatic  t ime delay
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Weak scintillations: 
intensity 
maxima and minima

Density 
fluctuation

Strong scintillations:  
multiple stars

Measurement physics:  scinti l lat ions
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S t e l l a r  o c c u l t a t i o n  i n s t r u m e n t  
U V I S I

o n  M S X -s p a c e c r a f t

U V I S I  b y  A P L  o f  J o h n s  H o p k i n s  U n i v e r s i t y

S e v e r a l  h u n d r e d  o c c u l t a t i o n s  s i n c e  1 9 9 6
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MSX mov ie
(not included 
in this version)
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Photometer t ime series
(movies not included 

in this version)

GOMOS

Envisat Summer School 2003: Kyrölä: Refractive atmosphere

Transmission movie (not included 
in this version)


