
LAUTLOS–Campaign at Sodankylä, Jan 26 – Feb 28, 2004
The focus of LAUTLOS-project is the improvement of air humidity measurement techniques in the upper troposphere and lower stratosphere. Routine measurements of water vapor with high accuracy in these altitudes are an unsolved problem of meteorological measurements up to now. The issue is scientifically important because water vapour is the dominant greenhouse gas in the earth’s atmosphere. Recent model calculations show that observed water vapour increases in the stratosphere contribute significantly both to surface warming and stratospheric cooling. In addition to climatic impacts water vapour changes affect directly to ozone layer changes through chemistry.  
LAUTLOS experiment consist of 14 launches of multi-hygromete balloon payloads from the Sodankylä meteorological balloon launch facility. The payloads consist of regular meteorological radiosondes and two specialized humidity sensors:  Chilled mirror hygrometer from NOAA, Boulder and Alpha-Lyman hygrometer Flash from CAO, Moscow. Because several sondes will be tight together to have them sample exactly same air parcel the weigh of the payload is heavier than in regular radiosoundings. However, it stays within the range of medium size balloon (< 6 kg) which do not require transponder according to rule of Air. 

Campaign plan is the presented in table 2. It should be emphasised that plan is nominal and subject to changes due to weather and aviation situations. In addition to balloons there will be ground based microwave radiometer profiling water vapor and an airplane mission by Swiss Lear jet with microwave radiometer based either at Rovaniemi airport or another North Scandinavien Airport.  The campaign will be hosted by FMI-Arctic research centre.  
Table 1. LAUTLOS –Campaign Schedule at Sodankylä, Finland: Lat = 67.4N, Lon = 26.6E, Jan 26th – Feb 28th 2004. 
	Date
	Activities
	Nighttime activity,

Launches  (19-21 UTC nominal)

depending on meteorology

	26.01.04
	arrival of the 1st group
	

	27.01 to 06.02.
	Pre-campaign
	Max 4 launches altogether

	09.02.04
	arrival of the 2nd group
	

	10.02.04
	opening meeting preparation
	

	11.02. 
	Start of main campaign
	Launch

	12.02.
	
	Launch

	13.02.
	
	Launch

	14.02.
	
	Launch

	15.02.
	
	Launch

	16.02.
	
	Launch

	18.02.
	
	Launch

	20.02.
	
	Launch

	22.02.
	
	Launch

	24.02.
	
	Launch

	26.02.
	first evaluation of the results
	     -------

	27.02.
	closing meeting
	     -------

	28.02.
	Departure
	     -------


List of the instruments and their technical specifications

Balloon payloads consist of the instruments, which have to be prepared for flight by the participants of the program. The instruments are assembled on the lightweight Kevlar-Carbonfibre frame. The payload consists of five (5) hygrometers each enclosed in a small styrofoam box (Table 2.).

Table 2. Hygrometer payload  (Medium meteorological balloons)

· NOAA  chilled mirror hygrometer with RS80 
radiosonde







1700 g

· Flash alpha-lyman hygrometer with RS80 radiosonde

  980 g

· Snow White chilled mirror research  radiosonde
  

  900 g

· FN-radiosonde of Lindenberg Observatory


  240 g

· Vaisala RS-92 digital radiosonde




  180 g

· GPS device






  300 g

· Battery package






  400 g

· Kevlar-Carbonfibre frame; 




  400 g

Total 







5100 g

Each instrument has its own radio channel to transmit the measurements to ground station as shown in the Table 3 below:

Table 3. Telemetry frequency allocation table
	Instrument
	FN
	RS-80
	RS-92
	Snow White
	Flash
	NOAA

	Frequency (402–406 kHz)
	401.5
	402.5 & 403.5
	405.5
	404.5
	403.5
	402.5

	Payload
	On 
	attached to Flash- and NOAA instruments
	On
	On
	On
	On


Balloon
The payload is lifted up and carried with small size Raven plastic balloon of 538 m3, which weighs 3.6 kg. The balloon is filled with 15 to 20 m3 the hydrogen or helium gas. At filling on the ground gas bubble has a diameter of about 3.5-4.0 m. At the burst altitude at 25-28 km (as determined by the amount of lifting gas) the full diameter of about 11-12 m is achieved.

Avionics
The balloons are further equipped with:

1. Radar reflector 

2. Flashing light for night-time flights.

3. The parachute to ensure smooth impact after descent 

    Total weight is <0,9 kg

The detailed specification of the instrument is as follows:
1. Meteorological hygrometer FLASH 
Meteorological hygrometer FLASH-B operates by photo-dissociation of H2O molecules at Lyman alpha followed by the measurement of the fluorescence of excited OH. The Lyman-alpha source of VUV light (121,6 nm) is a hydrogen discharge lamp. The detector of OH fluorescence at 308-316 nm is a photo-multiplier run in photon counting mode. The intensity of the fluorescent light as well as the instrument readings is directly proportional to the water vapour mixing ratio under stratospheric conditions (Pressure > 10 hPa) with negligible oxygen absorption.  Dimension of the hygrometer is 150 mm x 200 mm x 350 mm, for a total weight of 0.980 kg.    Details of the hygrometer design and calibration procedures are given in [1,2].
References:
1. Yushkov V., et al., A Lyman alpha hygrometer for long duration IR Montgolfier during the THESEO Lagrangian Experiment, Proc. 5th European Ozone Workshop, EC Air Pollution Report 73, 400-403, 2000

2. Yushkov  V., et   al.,  Optical balloon hygrometer for upper-troposphere and stratosphere water vapor measurements, Optical Remote Sensing of the Atmosphere and Clouds, edited by J.Wang, B.Wu, T.Ogawa, Z-h Guans, Proc. SPIE vol. 3501, pp. 439-445, 1998

Responsible person: Dr. V.Yushkov: Central Aerological Observatory, Pervomayskaya str., 3, Dolgoprudny Moscow Region 141700, Russia, Ph: (095) 408- 6150, Fax: (095)576-3327, e-mail: vladimir@caomsk.mipt.ru 
2. The NOAA-CMDL frost point hygrometer
The NOAA-CMDL frost point hygrometer is the reference instrument for the LAUTLOS intercomparison campaign. The current version of the balloon-borne frost-point hygrometer, which has been used with only minor modifications since 1980, uses a mirror with a uniform temperature distribution allowing a precise measurement of the frost-point temperature (Oltmans, 1985). The instrument samples air in a 50 cm long and 2.5 cm diameter tube. The flow through this tube is ram flow of about 5 m/s depending on the ascent/descent velocity of the balloon. Tests have shown that solar scatter within this tube does not affect frost detection. The largest uncertainties in the frost-point temperature measurement are the stability of the controller (<0.3ºC), uniformity of the mirror temperature (<0.1ºC), thermistor calibration (0.05ºC), and self-heating of the thermistor (<0.05ºC). The overall accuracy of this instrument is about 0.5ºC in frost point temperature, or about 10% in mixing ratio. The vertical resolution is mostly determined by the response time of the instrument, which is typically between 10 and 30 seconds. This instrument was successfully flown in Sodankylä in winter 1995/1996 (Vömel et al., 1997) and in the winter of 2002/2003.
Dimensions of the hygrometer are 320mm x 260 mm x 280 mm, total weight (with batteries) 1.7 kg. 

Details of the hygrometer design and measurements are given in [1,2].

References:
1. Oltmans, S. J., Measurements of water vapor in the stratosphere with a frost point hygrometer, in: Measurement and Control in Science and Industry, Proc. 1985 International Symposium on Moisture and Humidity, Washington, D. C., pp. 251-258, Instrument Society of America, 1985.


2. Vömel, H., M. Rummukainen, R. Kivi, J. Karhu, T. Turunen, E. Kyrö, J. Rosen, N. Kjome and S. Oltmans, Dehydration and sedimentation of ice particles in the Arctic stratospheric vortex, Geophys. Res. Lett., 24, 795-798, 1997.
Responsible person:
Dr. Holger Vömel: 
NOAA/CMDL , 325 Boradway , Boulder, CO, 80305-3228, e-mail:Holger.Voemel@noaa.gov, Phone : (303) 497 6192, Fax : (303) 497-5590
3. Snow White hygrosonde chilled mirror hygrometer/SW 
Snow White hygrosonde is a chilled-mirror sensor that is manufactured by Meteolabor in Switzerland. It is composed of a mirror whose temperature is controlled by peltier cooler, a photo detector that enables moisture to be detected, and a copper-constantan thermocouple that is built into the mirror. The measurement has following analogy. The reflective mirror is cooled until mist is formed on the surface of the mirror. Mist is then detected by the photodetector. When the dew forms, the cooling device’s current is reversed causing the mirror temperature to rise and drive off the moisture. Dew point temperature is recorded prior to the heater evaporating the condensed water vapor. The measured dew point temperature is transmitted to the ground station along with the radiosonde parameters of pressure, temperature, and relative humidity. The actual measurement is a dew point temperature value that eliminates the need for individual humidity calibrations. The sensor and its package weight is approximately 900 g with approximate dimensions of 200 mm x 200mm x 150 mm. Snow White has a designed operating life of 4 hours. Recovered chilled mirror instruments can be reused.

References:
1. Schmidlin, F.J., 1999. Relative humidity measurements from a chilled-mirror technique flown on low cost radiosonde, American Meteorological Society meeting, Dallas, Jan. 1999.

Responsible person: 
Paul Ruppert: Meteolabor Ab, Hofstrasse 92, CH-8620 Wetzikion 1, Swizerland
4. FN –Sonde of Lindenberg Observatory (FN)
The FN-sonde relative humidity measuring technique was developed by the Meteorological Observatory Lindenberg, Germany. The sensor unit (using a modified Vaisala RS90 sensor unit version) consists of the F -Thermocap (for temperature) and two alternately heated H–Humicaps (H –type of polymere for relative humidity), which are heated for 60 s and measure for 160 s. Both, temperature (Thermocap) and humidity (Humicap), measurements basing on the capasitive measuring principle and a frequency output of the measuring signal. The dimensions of the FN –sonde are 200 x 200 x 200 mm including the battery package and a power supply stabilization for 19 V. The total weight is 0,240 kg. Details of the FN-sonde are described in [1,2]

References:
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5. Vaisala RS-80 radiosonde is manufactured by Vaisala company, in Finland, for routine use of measuring the atmospheric temperature (Thermocap – capacitive aneroid), pressure (Barocap- capacitive aneroid) and humidity (A- or H-Humicap – thin film capacitor, where A and H are different polymer types). The principle of humidity measurement of Vaisala Humicap sensor is based on properties of a thin humidity sensitive polymer film placed between two electrodes. The film either absorbs or desorbs water vapour as the relative humidity of ambient air rises or drops. The dielectric properties of the polymer film depend on the amount of water contained in it: as the relative humidity changes the dielectric properties of film change and so the capacitance of the sensor changes. The electronics of the instrument measure the capacitance of the sensor and convert it to a humidity reading. (Häkkinen, 1998; Antikainen et al.,1993). Dimensions of RS-80 radiosonde are (excluding antenna): 55 x 147 x 90 mm. Weight is approximately 190 g (excluding batteries). Details of RS80 are described in [1,2]:

References:
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6. Vaisala RS92 radiosonde is a new development of Vaisala company, in Finland, for routine use of measuring the atmospheric temperature (Thermocap – capacitive aneroid), pressure (Barocap- capacitive aneroid) and humidity (H-Humicap – thin film capacitor with twin sensor design). The humidity measurements of RS-92 are similar to those of RS90: there are two heated humidity sensors operating in phases. While one sensor is used for measurement, the other sensor is heated for preventing ice formation. The difference is in data handling and transmission. While RS-80 and RS-90 are analog devices RS-92 is fully digital radiosonde. Dimensions for RS92 excluding antenna: 55 mm by 147 mm by 90 mm. Weight approximately 180 g (excluding batteries).
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