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KIMRA 

Location: 
 67 N / 21 E 
 400 m a.s.l. 
 200 km North of 
the Polar Circle 
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KIMRA 

2012-12-22 In the deepest polar night !! 
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KIMRA 

 At IRF there is a number of instruments for 
atmospheric remote sensing (some are 
operated in collaboration with other institutes): 
DOAS, FTIR, MW, Lidar, MST-radar, optical 
cameras, Solar irradiance, etc. … 

Optics lab 
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KIMRA 

Trace gases @ 292-232 GHz observable by 
KIMRA from the ground (synthetic spectra) 

Mesospheric CO 
(J = 1→0) at 
230.536GHz 
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KIMRA 

H2O 
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KIMRA 

2007-12-25 
18:31 – 20:13 

AOS 
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KIMRA 

2007-12-25 
18:31 – 20:13 

AOS 
 CO 
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KIMRA 
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Measurement mode CO_O3_0deg
  Measurement time 2008 01 01  09:38  13:30
  Integration time 4540 s
  Elevation angle 8.83

Data analysis from 07 Jan 2013 12:45:44
  Inversion # 4 of 6    Duration: 170 s
Retrieval software used
  Inversion v0.1
  atmlab 1.0.254
  arts 2.0.1 (Thu Jan  3 17:23:55 2013)

2008-01-01 
09:38 – 13:30 AOS 
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KIMRA 

2009/2010 

Strato-mesospheric CO above Kiruna

- ground-based microwave observations 

by KIMRA

Strato-mesospheric CO above Kiruna

- ground-based microwave observations 

by KIMRA
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Figure 1: Global mean circulation of the middle 
atmosphere, including the descent of mesospheric 
air over the winter pole.
[Taken from M. Schoeberl, UARS webpage]

Figure 4a: Comparison of KIMRA with MIPAS NOM and 
MLS. Collocation criteria r  = 250km and   PV < 20%. 42 coll

days with coincidences. Left: mean profiles. Right: devi- 
ation between the KIMRA and the satellite profiles.

All three recent satellite instruments that 
provide CO data for the respective period 
and region have been considered, namely 
MLS, ACE-FTS, and MIPAS. In case of MIPAS, 
two different datasets, MIPAS NOM and 
MIPAS MA, have been included. Generally, 
such a comparison is difficult in the polar 
region due to the strong horizontal gradients 
of CO and the partly sparse coverage of 
satellite instruments’ dataset. Furthermore, 
the comparison was complicated to some 
extent by the influence of the relaxed 
collocation criteria chosen in order to 
increase the number of coincidences. 

In spite of this, it is evident that

KIMRA CO vmr values generally agree 
with the satellites below about 65km in 
that the differences between KIMRA and 
satellite datasets are in the order of the 
differences among the satellite datasets.

the KIMRA profile shape deviates consis-
tently from all satellite profiles in a way 
that the satellite profiles are more curved. 
Contrarily, the KIMRA profile shows a 
weaker increase of CO with altitude up to 
about 65 km and a stronger increase 
above.

there is a high bias for KIMRA above 70 
km altitude, which increases strongly with 
altitude and exceeds the estimated 
errors.

AVK’s & Vertical Resolution

Figure 3b: (a) 

The threshold of 0.8 is marked by 
the black line. (b) Altitude of the center of the 
AVK’s. The black line of origin is indicated. (c) 
FWHM of the AVK’s as a measure for the vertical 
resolution. Values for the vmr AVK’s are not rea-
sonable above 60km. (d) The deviation of the 
curves in (b) from the line of origin normalized 
with the FWHM. Figures adopted from [3].

The averaging kernels indicate 
sensitivity at  40 - 80km with  15km vertical 
resolution. 

CO Time Series of KIMRA and MLS

Comparison to Satellite CO profiles

Conclusions & future work

KIMRA dataset provides independent 
information on Arctic middle atmosphere 
dynamics.
The KIMRA CO dataset shows all dynamical 
features of interest, such as SSW, descent of 
air, and the vortex break-up.
KIMRA measurements show overal l  
agreement with  observations from three 
different satellites.
A comparison of the CO time evolution 
observed by KIMRA and modeled by the the 
new NCAR SD-WACCM have been performed 
yielding very  convincing results [4].
A new FFTS has been deployed since spring 
2012, increasing the spectral resolution of 
KIMRA by a factor of 1,6 (or a factor of 12 in 
high resolution mode). The increased spectral 
resolution might improve the sensitivity of the 
CO observations  at the higher altitudes 
around 80km. It might also improve the 
sensitivity of the simultaneous strato-
mesospheric ozone measurements.

Introduction
Ozone is an atmospheric trace gas which is important for 

life on Earth. Besides chemical processes controlling the 

ozone abundance  it is also influenced by dynamical pro-

cesses in various regimes of the atmosphere. Descending 

mesospheric air above the winter pole (fig. 1) transports 

NO  into the stratosphere where it destroys ozone (EPP indi-
x

rect effect [1]).

Thus, the variability of mesospheric dynamics contributes 

to stratospheric ozone variability.

CO is a useful tracer for these dynamics due to both the 

strong gradient of its VMR profile (fig. 2) and its long chem-

ical lifetime in polar night [2].

In time series of CO VMR profiles, the descent appears as a 

shift of the VMR gradient’s altitude.

We obtain continuous CO time series using the microwave 

radiometer KIMRA installed at the Swedish Institute of 

Space Physics (IRF) in Kiruna, Sweden, located above the 

polar circle (67.8 N/20.4 E) .

Measurement & Retrieval

Figure 2: Measurement (a) and retrieved 
CO profiles (b) covering the complete range 
of the CO change during a winter, as well as 
the constant a priori profile and its assumed 
standard deviation. The sensitivity range of 
the KIMRA CO measurements is marked 
with black dashed lines. For the KIMRA data 
retrieval the Atmospheric Radiative Transfer 
Simulator (ARTS) [5] and Qpack [6] have 
been used. Figures adopted from [3].
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Figure 4b:

Figures adopted from [3] but updated by the author.

 Same as above for the comparison of KIMRA 
with ACE-FTS MIPAS MA and MLS with collocation criteria 
r  = 1000km and   PV < 50%. 1 day with coincidences. coll

Figure 5 a: Time series of the retrieved KIMRA CO 
profiles showing all major features of the polar winter 
middle atmosphere dynamics: 

The black areas mark periods without measurements. 
The white area marks the summer period from which 
CO measurements can generally not be retrieved 
reasonably well. 

Figure 5 b: Time series measured by the MLS 
satellite instrument for the same period as above, 
showing that all major features are contained 
similarly in both datasets. To improve the visual 
comparability, similar measurement gaps as for the 
KIMRA dataset are indicated, although MLS may 
provide measurements during these periods. 
Collocated profiles within a distance of 500 km around 
Kiruna were selected, convolved with the KIMRA 
AVK’s and averaged daily.

Figures adopted from [3].

 

 

the descent of air in fall 
2009, the two SSWs in 2009 and 2010, respectively, 
as well as the breakups of the vortex in both winters. 
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Figure 3a: Selected 
AVK functions with re-
spective target alti-
tudes. (120km kernel 
was multi-plied by a 
factor of 50 to make it 
visible). The retrieval 
is based on profiles 
normalized with the a 
priori, leading to a set 
of ‘normalized’ AVK’s. 

Ground-based 
 
 
 
 
 
 
 
 
 
 
 
Satellite data 
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KIMRA 

KIMRA Periscope 

230 GHz radiometer KIMRA 

KIMRA  
Elektronics 

Quasioptics 
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KIMRA 

230 GHz Mixer (RPG) 

Vacuum dewar  
with 25 K arm 

Quasioptics 
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KIMRA 
Technical Description of KIMRA 

Type of mixer Schottky @ 25 K (RPG) 

Cooling 2-stage cryogenic 

Frequency 195 – 233 GHz 

System Noise 1800 K (SSB) 

Sideband sep. Martin – Pupplett Interferometer 

Diplexer Martin – Pupplett Interferometer 

LO Frequency Multiplier 200 – 218 GHz (RPG) 

1st (and 2nd) IF 8 GHz (FFTS) and 2.1 GHz (AOS) 

Spatial Coverage 360° deg azimuth / 0° - 90° elevation 

Antenna opening angle 2.5° (FWHM) 

Measurement Modes Reference Beam (w mixing load)/ Total Power (internal cold load or LN2) 

Spectrometer AOS FFT1 FFT2 

Manufacturer Cologne University Omnisys AB RPG 

Bandwidth 1200 MHz 100 MHz 2500 MHz 300 MHz 

Resolution 0.76 MHz 0.1 MHz 0.076 MHz 0.009 MHz 
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MIRA-2  

Ø  Kiruna ,    Feb - Mar 1996   

Ø  Ny-Ålesund,   Mar 1997   

Ø  Kiruna ,    Jan - Apr 1998              

     Feb - Mar 1999 

     Nov 1999 - Mar 2000 

     Dec 2000 - Mar 2001 

Ø  Mount Zugspitze, Fermany,  Feb – Jul 2003 

Ø  Pico Espejo, Venezuela,  Mar 2004 – Jun 2010 

Ø  Kiruna ,    Nov 2012 -    
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MIRA-2 

RPGFFTS 

Fabry-Perot Interferometer 

230 – 280 GHz LO (RPG) 

Window view 
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MIRA-2 
Technical Description of MIRA-2 

Type of mixer Schottky @ 25 K 

Cooling 2-stage cryogenic 

Frequency 270 – 280 GHz 

System Noise 800 K (SSB) 

Sideband sep. Martin – Pupplett Interferometer 

Diplexer Fabry – Perot Interferometer 

LO Frequency Multiplier 268 – 282 GHz (RPG) 

IF  2.1 GHz 

Spatial Coverage North / 5° -90° elevation 

Antenna opening angle 2.5° (FWHM) 

Measurement Modes Reference Beam (w mixing load)/ Total Power (internal cold load or LN2) 

Spectrometer AOS FFT 

Manufacturer Cologne University RPG 

Bandwidth 1200 MHz 1500 MHz 

Resolution 0.76 MHz 0.076 MHz 
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Summary KIMRA and MIRA-2 

Ø  Automatic operation 

Ø  Integration Time  

Ø  Retrieval 

Ø  KOPRA and OEM (Kopp until 2010) 

Ø  ARTS and OEM (Raffalski) 

Ø  Data Storage 

Ø  Access to Data 
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KIMRA and MIRA-2 

Plans for the Future 
Technical Developments 

Ø  Fighting the standing waves 

Ø  Tuning the KIMRA Frequency Multiplier to access O2-line @ 235 GHz 

Ø  Decreasing the lowermost temperature of the Mixing load 

Measurements and Retrieval 

Ø  Automatic operation (including switching between different trace gases) 

Ø  Operation of all three spectrometers simultaneously 

Ø  NDACC certification for both instruments 

Ø  Automatic retrieval (at least as quick-looks) 

Ø  Data Storage on NDACC database (Format?) 

Ø  Access to Data 
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Problem 1:  
Amplitude difference in FFTS/AOS 

All measurements taken simultaneously for the respective date.  

CO signature twice as large in FFTS 

CO signatures similar BUT O3 much smaller in FFTS 
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Problem 2: 
Tsys amplitude 


