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The SPIRALE instrument: Infrared absorption 
spectroscopy of tunable laser diodes
In situ measurements of several tracers and chemically active species.
Laser absorption takes place in an open air Herriott cell with 6 diodes as light sources in the domain 
1250 - 3000 cm-1.
Very long absorption path (434 m here) between 2 mirrors due to a deployable mast 3.5 m.
 Fast measurements ( every 1.1 s) permit a vertical resolution of 5 m.
 Detection limits of few ppbv with uncertainties of 3% - 30% depending on the abundance of the 
species. 

The SPIRALE (french acronym for infrared absorption spectroscopy by tunable laser diodes) balloon-borne instrument has been launched twice within 17 days in the polar region (Kiruna, Sweden, 67.9°N - 21.1°E) during summer, at the beginning and at the end of august 2009. 
In situ measurements of the trace gases O3, CH4, CO, OCS, N2O, HNO3, NO2 and HCl have been performed between 10 and 34 km height, with very high vertical resolution (~5 m). The stratospheric profiles of these species present specific structures associated with tropical 
intrusion in the low levels. The both flight results are compared between each other in order to evaluate the impact of the turn-around occurring during this season on the chemical composition of the stratosphere. Their interpretation is made with the help of results from several 
modelling tools and available satellite data. SPIRALE flights were part of the balloon campaign conducted by CNES within the frame of the StraPolÉté project funded by French agencies ANR, CNES and IPEV, contributing to the International Polar Year. 

Preliminary results from SPIRALE balloon-borne in situ stratospheric measurements 
during 2009 polar summer

The sequence of the flights:
 SPIRALE 1st flight: 07 Aug 2009: DAYTIME
Measurements from 01:45 to 06:00 UT (3h45-8h local)

 SPIRALE 2nd flight: 24 Aug 2009: NIGHTTIME
Measurements from 20:49 to 01:38 UT (22h29 – 3h38 local)
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Exploitation of the results : Detection of recent air in polar 
stratosphere

• The first flight of SPIRALE occurred in specific condition.
•The origin of air masses influences the concentration 
profile of some species such as CO.

• Flight 1

• Flight 2
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SPIRALE: Flight 1

SPIRALE: Flight 2

•Pirre et al. (2008) used the O3-CO 
correlations between two different latitudes to 
measure the percentage of recent air in the 
stratosphere at midlatitude. We did the same 
reasoning for  the Kiruna latitude.

 Next step: Influence of the intrusions of 
recent air on the chemistry of the polar 
stratosphere in summertime.

Figure: O3-CO correlation for Teresina (5°S in 
2005) and for Kiruna (in 2009). The lines represent 
the isentropic surfaces.

Figure: CO concentration profile 
(SPIRALE) and percentage of 
recent air for the 2 flights.

Preliminary results: Intrusions tropical indications

320

340

360

380

400

420

440

0 10 20 30 40 50 60 70

Percentage of recent air (%)

P
ot

en
tia

l t
em

pe
ra

tu
re

 (K
)  

07 August 2009
25 August 2009

320

340

360

380

400

420

440

0 10 20 30 40 50 60 70 80 90

Po
te

nt
ia

l t
em

pe
ra

tu
re

 (K
) 

CO (ppbv)

SPIRALE: 7 August 2009
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MIMOSA map (at 380K) and FLEXTRA map (below 14 km during 10 days)

MIMOSA map (at 380K) and FLEXTRA map (below 14 km during 10 days)
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Like CO, explanations will be found  for the specific structures of these profiles.


