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TELIS Overview

TELIS (TErahertz and submillimeter LImb Sounder)
On stratospheric balloon gondola with MIPAS-B and mini-DOAS
4 campaigns launched from Kiruna/Sweden and Timmins/Canada
Observed upper troposphere and stratosphere over 10–40 km
List of Target Species:

1835± 45 GHz DLR
OH, HO2, HCl, O2, H2

18O, H2
17O, HDO, O3, CO, . . .

480 – 650 GHz SRON
BrO, HO2, HCl, O2, ClO, H2

18O, H2
17O, HDO, O3, . . .

499 – 503 GHz RAL
BrO, ClO, N2O, O3
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Retrieval Code PILS

PILS (Profile Inversion for Limb Sounding)
Built on modular line-by-line program GARLIC
Implementation of exact “Jacobians” by automatic differentiation
Direct and iterative numerical regularization methods
Inversion diagnostics based on semi-stochastic framework

Sλ ≈ Ss + Sy + Sb + Sc

I xa: a priori state vector, A: averaging kernel, K: Jacobian matrix,
K†λ: regularized generalized inverse, C: covariance matrix

I smoothing error Ss = (A− In)(xλ − xa)(xλ − xa)
T(A− In)

T

I noise error Sy = σ2K†λK†Tλ
I forward model error Sb = K†λKbCbKT

b K†Tλ
I instrument model error Sc = K†λKcCcKT

c K†Tλ

OH: First Results
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TELIS observation; 11 March 2009

0 10 20 30
OH VMR [ppbv]

15

20

25

30

35

A
lt

it
u
d
e 

[k
m

]

THz 10318
THz 16295

TELIS observation; 24 January 2010
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Summary

Retrievals of winter flights during 2009–2011 over the polar region
High vertical sensitivity above 20 km
Good agreement with spaceborne limb sounding observations
Instrument parameters crucial in the retrieval accuracy

Ozone, HCl, and CO: External Comparisons

O3: TELIS versus SMILES and MLS, TELIS versus SMR
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HCl: TELIS versus SMILES, TELIS versus MLS

0 1 2 3 4
HCl VMR [ppbv]

15

20

25

30

35

A
lt

it
u
d
e 

[k
m

]

TELIS 20044 (⊗ SMILES AK)
TELIS 21537 (⊗ SMILES AK)
SMILES 761
SMILES 762

0 1 2 3 4
HCl VMR [ppbv]

15

20

25

30

35

A
lt

it
u
d
e 

[k
m

]

TELIS 20044
MLS

0 0.1 0.2 0.3 0.4 0.5 0.6
HCl error [ppbv]

15

20

25

30

35

A
lt

it
u
d
e 

[k
m

]

smoothing

measurement noise
spectroscopy

calibration
sideband ratio
pointing
temperature
pressure

RSS_total

-0.2 0 0.2 0.4 0.6 0.8 1 1.2
Averaging kernel

15

20

25

30

35

A
lt

it
u

d
e 

[k
m

]

CO: 2010 and 2011 observations, TELIS versus MLS
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TELIS observation; 24 January 2010
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TELIS observation; 31 March 2011
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TELIS 20864; 24 January 2010
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