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1. Introduction:

          It is well known that standard measurements of the upper air parameters with the use of radiozondes became more and more costly. The main problem is that rising in price components as sensor unit with transmitter, balloon envelope and so on are released forever at each launch. At the same time, the recent progress in development of unmanned remote sensing instruments allows to start creation of the combined systems. Such a system could involve a traditional radiozondes components as well as a new remote instruments configured on a customize base.

         The proposed report describes the analysis of advantageous and disadvantageous of in situ and remote methods to obtain different parameters in the upper atmosphere. For instance, the standard radiozonde sounding allows estimating cloud parameters only in-direct after expert analysis of relative humidity profile. Microwave and Infrared radiometers provide immediately liquid water path and cloud base height for no precipitating clouds. From the other hand the temperature profile retrieved from microwave measurements in cloudy atmosphere is much less reliable then the same obtained with the standard radiozonde.

          After these above and many others aspects were analyzed, the first attempt for creation of the project of combined station was made in Central Aerological Observatory. It was recognized, that the combined station can not have universal optimal structure, but use to be adapted to the specific regional or customer needs. As an example the optimal structures of two stations one for polar region and other for middy latitude airport service are presented.
2. Current status of radiozonde measurements in Russia
          The net of aerological observations in Russian Federation is consisted with about 110 stations. All the stations are obligated to deliver full row information as well as standard processed code to Central Aerological Observatory (CAO), which is head Institution of Hydro Meteorological Service Russia for upper air sounding. CAO has a special expert team, which provides the operative monitoring of the data and is responsible for the final data quality control. It means that CAO is able to estimate current conditions of the radiozonde information that will be in use by the different customers.

           The geographical density of aerological net is absolutely non uniform: the most of the radiozonde launching sites are located at the European territory of Russia.  The main part of the stations makes two launchings per 24 hours at the standard WMO defined time. 
           The air parameters, measured by radiozonde are: air temperature, relative humidity and pressure. The wind speed and wind direction are calculated as a first time derivation of the coordinate measured by the radar. The processing of the raw data can be made on two ways: for the equal step with the height and for the so called “special points” where first derivation of the given parameter wit height change the sign. Most non benefit situation is that the radar lost radiozonde or at the first part of the trajectory due to the hard near ground wind or lost it at all due to the technical problems of the transmitter/receiver. The next confusing case is that the radiozonde power supply can not provide reliable operation within the whole flight. And the third worse case is when one or two sensors are failed. After the data have been processed according the above mentioned procedure it is decided: what is the reliability (quality) of each individual parameter within definite interval of heights. The information about clouds is indirect and is retrieved for special request by the analysis of the relative humidity vertical profile (if it has acceptable quality). It is decided that radiozonde is penetrating through a cloud when relative humidity is exceed 95% 

      The main area for applications of radiozonde data in Russia are: 
1 synoptic scale weather forecast;
2“present weather” products for aviation;
3 forecast of weather conditions for urban air pollutions accumulations;
4 sciences;
5 now casting (as a case study) 
 It is understandable, that synoptic weather forecast is most time-conservative depending on the rate of the forecast update. The official weather forecast in Russia is reported once per 24 hours, so two radiozondes in prior of this event is probably enough. The second advantage of the radiozonde application for this task is that synoptic weather forecast is not critical to the near ground information. And, even the radiozonde will not provide information with good quality for the boundary layer (see above), then, at least near ground info, can be obtained from the meteorological stations.

      The second application – present weather data for aviation - is more critical as for the period of the information update as for the near ground (boundary layer) information. Although the isobaric maps for upper air as well as wind speed for the height more then 3000m are more or less conservative, it is obvious that more then 12 hours update and especially at the atmospheric front lines is required. As regarding boundary layer, this info is really necessary and use to be updated in the airport regions much faster then twice a day. But launching of the radiozondes is specially prohibited in the airport vicinity due to the safety reasons.
      The third application – air pollution accumulation forecast can be made with the usage of twice a day radizonde very approximately. It is well known that temperature inversions can have duration within few hours, so the event of accumulation can be sufficiently often in between the radiozond launching. For that reason the quality of this type forecasts at the places where it is made just on the base of radiozond data are pure.
      The forth and fifth applications for the rasdiozond sounding data are applicable just in special cases, when the temporary rate of the launchings is increased dramatically up to per hour release. In such a case, it is possible to get very good time resolved data for all main parameters of the atmosphere, but the economical reasons start to be the main restriction for the long time and regular application of this regime.

3. Modern stage of ground based remote sensing
     At the time, the routine radiozonde sounding meets a number of limitations for different applications, the remote sensing technologies were developed very fast for permanent monitoring of different atmospheric parameters. It uses to be pointed that obvious progress is achieved: 

1 in remote measurement of wind speed and direction;

2 in remote temperature profiling of the boundary layer (all weather application) and the whole troposphere (in non cloudy conditions);

3 in remote humidity profiling of the troposphere (in non cloudy conditions);

4 in remote measurements of Liquid Water Path(LWP) and Vapor Water Path(VWP) in all type of clouds. 
The developments of the instruments for remote determination of the height of super cooled liquid water into the clouds, which led to the aircraft in-flight icing, is in progress too 

      The counting of the measured parameters above was specially made by us without references on the scientific papers: any of these parameters can be measured by the industrially manufactured instruments recently. It is the fact that makes it possible to think about synergy of radiozond sounding and remote sensing in practical plane. Just to prove this statement, we will present short review of the sensors, which are available on the market now.

     It is necessary to distinguish the tasks for measurements of the wind parameters. The point is that boundary layer wind, with good time and height resolution, can be measured by acoustic or radio-acoustic systems. For wind measurement up to the height 16km radar technology in VHF band is applicable. However there are few companies, who propose both these systems at the market. Among them are: “Vaisala” (Finland), Degrean -Horizon (France) and “Scintec” (Germany). These three companies are mentioned here just an example and all of them has different technical specification and pricing of their products.
     The task of the remote temperature profiling is solved by the passive microwave remote sensing with the use of microwave radiometers operating at the frequencies around 60GHz. It is oxygen strong absorbing line and measurements of own thermal radiation of the atmosphere within this line provides the data for the reliable retrieving of the temperature vertical distribution. There are just three companies on the market who propose microwave systems for temperature profiling. Among them are at the moment: “ATTEX” (Russia), “Radiometrics”(USA), “RPG” (Germany). The difference in the products is that “ATTEX” is providing measurements just in the boundary layer (within 1000m height from the installation place), but for all weather conditions. “Radiometrics” and “RPG” does not work during precipitation. Nevertheless, these instruments can be used reliably for the temperature profile retrieving in non cloudy conditions up to the height 10km. 

      Humidity profiling is made by passive microwave remote sensing also, but the operating frequency is shifted to the water vapor absorption line near 22GHz. Two above mentioned companies “Radiometrics” and “RPG” produces the instruments for such profiling, but due to our understanding, the retrieval of the humidity profile will have acceptable accuracy just with the full absence of the precipitable clouds. Such a limitation still makes it necessary to compare and correct the remote sensing data with the common radiozonde one.
     In opposite to the humidity profiling, the measurements of LWP and VWP can be made very reliable by means of the automotive all weather operating systems produced by “ATTEX” and by “Radiometrics”. The systems are very similar and composed with two wavelength microwave radiometers. The physical principal is in measurement of the own thermal radiation of cloud drops and water vapor. In this ideology one wavelength is chosen in the water vapor transparency window (as usual around 30GHz) and second one in good water vapor absorbing part of the spectra (20GHz – “Radiometrics” and 85GHz “ATTEX”). In addition to the measurement of the integral cloud parameters as LWP, “ATTEX” instrument is able to retrieve “average temperature of the liquid water layer” into the clouds. From the other hand “Radiometrics” has multi frequency instrument, which is intended to retrieve liquid water profile inside the cloud.  Nevertheless, both these options have to be checked more before the implementation into the routine measurements.
4. Customized synergy of remote sensors and radiozonds
      It was mentioned yet, that the upper air monitoring systems use to be customized depending on the real need of each definite application. We have tried to present below two composition of the modern aerological station one for the routine utilization in the conditions of Antarctic plateau and second for the duty meteorological service in the vicinity of civil airport for aviation needs. The direct comparison of these two systems demonstrates the difference in their compositions, which is caused by the set of specific tasks solved by each system and by the specific of geographical location. Although, the technical components of both systems are basically the same (general view of them is presented on the Fig.1), the sets are sufficiently different. [image: image1.png]er.doc - Microsoft Word
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Fig.1 General view of the different industrially produced systems applicable for synergy with radiozond upper air sounding.
4.1 Proposed Antarctic aerological station
The Antarctic plateau has very specific physical conditions of the atmosphere: the main changes are observed in the lower 1000m. Along with that, it is hard to store sufficient amount of the dispensable materials lake radiozondes and envelopes. On that base the proposed system is;

1. Radiozond station, which provide launchings just in cases when remote sensing instruments indicates fast change of any measured parameter (philosophy of adaptive sounding)

2. MTP-5HE temperature profiler for every 10 min. measurement of temperature profile within 1000m with the height step 50m.

3. VAISALA Acoustic sodar for measurement of the wind speed and direction within 1000m for non-storm winds with height step 50m.

4. PCL1300- radar wind profiler for measurement wind speed and direction up to 10km with the height step 300m.

The set of in-situ and remote aerological instruments can provide advantage for the specific conditions of catabatic winds if it would be added with small (7-10m) meteo mast with ultrasonic anemometers and solar radiation sensors like CNR-1.     
4.2 Combined system for airport weather service.
      Airport weather service has their specific limitations also. For instance it is prohibited very often to provide radiozonde launching within standard WMO time. For this reason remote aerological tools like temperature and wind profilers can provide interpolation of radiozonde data in case the radiozonds will be released two or four time a day but at the time when it will be allowed by the airport authority. From the other hand radiozond has just indirect indication of the supercooled liquid into the clouds, and remote sensing instruments are able to support permanent monitoring of this parameter. Taking this into account we are proposing the next combined system for airport service:
1. Radiozond station, which provide launchings twice or four time a day in time when it is not dangerous for the flights security (philosophy of random sounding)

2. MTP-5HE temperature profiler for every 10 min. measurement of temperature profile within 1000m with the height step 50m to indicate vertical stability of the atmosphere and forecast the fog development.

3. PCL1300- radar wind profiler for measurement wind speed and direction up to 10km with the height step 300m.

4. DHS –microwave instrument for LWP and mean height of supercooled liquid water monitoring with the aim of proper dispatching of the final approach and landing stage of the flights.
     The upper air instruments can be added with the remote rain intensity sensor like LCR-11 and with the set of ultrasonic anemometers and solar radiation sensors like CNR-1 to provide near runway micro burst indication.     
. 
5. Conclusions
    1... The synergy of remote sensing and in-situ upper air sounding instruments corresponds to the modern stage of development of ground based remote sensing instruments. 

      2. The implementation of the combined systems can be started in the nearest future on the base of industrially produced samples of remote wind and temperature profilers.

     3. The set of the sensors in each individual system is not universal, but use to be customized depending of the tasks of the atmosphere monitoring.
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