The Roadmap for the Next Upper-air intercomparison

The 8th Yangjiang upper-air inercomparison have been finished successfully, as well that whose final report was published by WMO. Now it is time for us to plan the next intercomparison. In order to better organize the next intercomparison, we should summarize the previous intercomparisons and learn experiences. So both positive and negative sides should be considered carefully. Note that Italic sentences are direct citation from the report.
With respect to the next 5 years, some concrete stages should be defined step by step as follows.
1 Designing the questionnaire for manufacturers
Basically, the useful evaluation results and recommendations(Page 192) have been provided to manufacturers in Yangjiang final report. But I guess that still some arguments may arise from specific manufacturers after they review the finial report. It is not strange that different voice will be heard even several meeting had been hold before the final report is published. So I suppose that we could design a questionnaire, and circulate it to related manufacturers in order to get informative feedback. By doing so, it can be helpful for orienting goals, as well as improving organization for the next intercomparison.
2 Summarizing the experience which can be included in CIMO guide
As seen from the final report, Pages 192-193:
The part of the CIMO Guide related to instrument intercomparisons need to be

reviewed and updated. For instance, the design model of support rig frame should be

formalized and included in CIMO guide, e.g. proper rig material selection, design

method considering various simultaneous radiosondes launching model, suitable rig

length and radiosonde suspending height from frame to balloon for preventing from

extra heat contamination, along with rope length advice between balloon and support

frame, as well as different balloon launching method with respect to various ground

wind condition, and standard intercomparison procedure, e.g. launching flow,regulation and standard data processing method.
Also several other considerations should be given as follows:
1) Qualification of suitable intercomparison site, e.g., climate condition, site evaluation, staff and logistics;
2) Principal of frequency grouping and radiosonde grouping; 

3) Analysis model, e.g., definition of reference, data quality control, analysis methods and evaluation criteria;

4) Maximal requirements for affiliated observation instruments, in particular remote sensing instrument.
Through above mentioned summary, we would try to make our intercomparison practice standardized as much as possible. Then the material should be supplemented in future published CIMO guide. Personally I propose it will be our most concerning issue, and we should spare no efforts to realize the goal.
3 Analyzing the deficiencies
Definitely it can’t be denied that still some specific drawbacks exist during our intercomparisons.
1) Metadata information should be recorded in detail

We needed to record such information as: Bamboo rig coordination (including the information on each radiosonde’s place), the length of the rope between the bamboo rig to the sensors, the rope length between the bamboo rig to parachute/balloon, unwinder (yes or no; the length), parachute (yes or no; the size), balloon type, the launch detail (e.g., calm ascent, rough launch), etc.

2) Synchronization of launching 

 Page 162: 

Pressure is probably the most difficult meteorological variable to compare reliably, because an error of 1s in synchronisation can produce a systematic bias of 0.6 hPa near the surface. However, the results in Fig. 10.3.1 suggest that manufacturers should check how they are processing their data close to the ground, to try to minimise errors in the height and pressure computations, when locking to the surface values.
So I suggest that GPS time can be utilized to synchronize all the computer time. As for Yangjiang intercomparison, Dr John nash had taken lots time to adjust the difference of   different launching time for each radiosonde among the same launching group. Therefore, the time synchronization must be solved before the next intercomparison. Also I assume that the same issue may disturb the others intercomparison too, I am afraid.
3) The uniform algorithms for humidity equation, GPS geopotential height and retrieving pressure by GPS geopotential height

Through survey of manufacturers(Page 24, Table 4.1.2), different manufacturers had used different Vapor Pressure Equation (particularly for supercooled water). Pages 139-140:

  A brief survey among all manufacturers has shown that the equations by Wexler (1977), Hyland and Wexler (1983) and Sonntag (1994) are the most common equations. These three equations do not differ significantly over the temperature range of interest .

It is therefore recommended that only these three equations be used to convert relative humidity over liquid to partial pressure at cold temperatures, in particular by manufacturers, which are employing RH sensors capable of measuring water vapor at these cold temperatures. For RH sensors, which are no longer sensitive at temperatures below -40°C, this issue is not of importance.
As for GPS geopotential height, in Yangjiang intercomparison, different manufacturers gives different results regardless of the same method used, due to wrong parameters or misunderstanding for equation. The similar issues also could be found for retrieving pressure by GPS geopotential height. So it is necessary for us to uniform the equations and clarify the parameters meaning. 
In addition, to ensure data quality, maybe in the next upper-air intercomparison every manufacturer should bring their own affiliated observation instrument for surface check due to different needs from different manufacturer. As we know, surface observation is essential for GPS geopotential height calculation.   

4) Organizing affiliated observation in advance, especially remote sensing 

Although CMA had devoted several remote sensing instruments and well organized the affiliated observation, some pities still could be found.

Page 188: Usefulness of Remote Sensing 

The data set merited more analysis than has yet taken place. Unfortunately, the CIMO experts who were designated to deal with this issue were not available by the time of the Comparison test, and it proved impossible to find a suitable replacement expert at short notice. This needs to be planned better in future, where there may even be problems in finding a suitable radiosonde expert to deal with the test. Work required is non-trivial to achieve substantial results.  
So dedicated team members are necessary for remote sensing measurements and data analysis. 
4 Organizing regional upper-air intercomparison

As our plan, we will carry out regional upper-air intercomparison, in India or In Russia. It is a good opportunity of testing our new ideas, together with regulated performance, in particular guided by new version CIMO guide. 
I propose we should start our preparation jobs in early 2012. First, intercomparison site should be selected according to requirements of CIMO intercomparison. Second, dedicated expert team should be established ASAP, both for radiosonde and for remote sensing. Third, staff training should be carried out. Definitely at least one year will be needed for preparatory jobs. Then all concrete steps should be taken step by step.
5 Defining the goals of the next upper-air intercomparison

In Yangjiang final report, we can reach a safe conclusion that the results of geopotential height, pressure and wind are good enough. And temperature measurements show good quality except that the results should be improved above tropopause. However, humidity measurements still remain a challenge for a long time. So we should chase up the humidity measurement technology development, and try to solve the hard issue, especially under low temperature environment or in stratosphere.
Page 185: Relative Humidity 

If the origins of these large biases (poor calibration, poor referencing, poor sensor ventilation, hygroscopic material in the cap or around the sensor, faulty software utilising humidity temperature sensor measurements) could be fixed then most of the quality problems would be solved for relatively dry conditions.
Page 192: Wrong software interpolations 

If a radiosonde operating system decides that reported values are not reliable, it should flag out the data and not report anything, rather than let the software invent values. Interpolation of missing data should be minimised as far as possible and manufacturers are encouraged not to interpolate data over gaps larger than 1 minute.
Page 223: For relative humidity measurements correction 

•Corrections for slow response can be beneficial in improving relative humidity profiles in the upper troposphere, probably for time constants up to as long as 2 or 3 minutes.

•Some sensors have time constants of response closer to 4 minutes at the lowest temperatures in Yangjiang, and trying to use the same technique with these measurements is dangerous, because the sensing system performance is not always sufficiently reliable. There are plenty of examples in Yangjiang of the slower sensors showing structure above the tropopause that is not real, see Fig. D5.7. The slow response correction can then amplify very small variations in relative humidity into significant atmospheric structure, sometimes this is correct, but when there is contamination it is quite spurious. In Yangjiang, where corrections for such slow response were applied, the result looked reasonable in about 65 per cent of the cases and quite wrong the rest of the time.
Page 115: Strong Messages to the Manufacturers 

If a radiosonde operating system decides that reported values are not reliable, it should flag out the data and not report anything, rather than let the software invent values.
Based on above mentioned information in Yangjiang final report, no doubt humidity should be regarded as one goal of the next upper-air intercomparison.

In upper-air intercomparison, reference radiosondes(CFH, Snowwhite, Multi-thermistor etc.) have played substantial role in data analysis. But we couldn’t look on them as perfect reference, much improvement still acquired in future. So reference radiosondes should be treated as another goal.

Moreover, balloon is an important factor for upper-air intercomparison, balloon quality will decide the sounding height, also accent rate of balloon will influence the ventilation. So shall we take balloon as one goal?
In addition, although it is said that pressure sensor is no longer needed in future both in Mauritius final report and in Yangjiang final report, still different voice can be heard from GRUAN community. Their opinions for that are as follows.
· Is the GPS really reliable in terms of long-term measurements? 

· If the GPS signal receiving is not good, all the measurements will be lost because we have no vertical coordinate. This is a significant weakness for the GPS technology. 

· We need to assume the hydrostatic equilibrium to obtain pressure from GPS geometric height. But, the world is non-hydrostatic particularly for the cumulus clouds. So we need independent geometric height and pressure measurements. (But, in the future, the forecast models might become non-hydrostatic models and we only need geometric height for the vertical axis? No, we need two thermodynamic parameters to solve the equations of motion, and one is temperature, and the other is either pressure or geopotential height…???) 

· The impact of the halt of development efforts for pressure sensors will be quite large; and it will not be easy to restart it once stopped. (Or, we do not need to worry too much as technologies will continue to grow anyway?) 

They think that GRUAN needs redundancy for any measurements, and keeping and developing sensors with different measuring principles are critical.

So maybe pressure sensor will be remained as one goal, I suppose. 
6 Other issues to be decided
1) Regional upper-air intercomparison

Where and when? How many radiosonde systems will be involved in? And goals and duration.

2) The next upper-air intercomaprison
When? Specific goals.
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