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Launch site  at 420 m, with mountains rising  
to between 600 and 800m in most directions,  
here to the north of Vacoas, 
Mauritius is in the Indian Ocean to east of Madagascar 



Vacoas market, 
Climate of Mauritius  in the rainy season is similar 
 to near the equator. 



Test held at Mauritius Meteorological Services 
Headquarters,Vacoas 
7 - 26 February 2005 



Dr Beenay Pathack, 
Deputy Director, 
Mauritius  Meteorological Services 

This test was possible because  
of the existing skills basis in  

Mauritius. 
 

Planning of Future Reference  
network stations should also take 

the existing resources into account. 



Mr. Kurnosenko- Managed creation of test data base +associated data 
input , editing and processing software. Some specialised software may  
be helpful in monitoring reference site operations in future. 



Management team worked 4 comparison flights per day in the first 
 with launches at 09.00, 14.00, 19.00 and 23.30 local time 
until extra help arrived from the UK, as supported by COST. 



Background to Mauritius test 
 Solutions to GPS windfinding problems tested in  Brazil 

in the previous comparison have now been implemented 
on  most commercially available designs of radiosondes 
 

 
 New generation of radiosondes will change 

characteristics of GOS radiosonde network 
 



Capabilities of new high quality radiosondes need 
 to be established to inform planning for GCOS  
and other special radiosonde networks. 



Testing in the tropics  to ensure radiosondes function  
in the more extreme environments required for GCOS. 



Errors in new radiosonde designs need to be detected and 
corrected before widespread use of radiosondes starts. 



Radiosondes used 
 Vaisala RS92,      pressure sensor +            GPS height 

 
 Graw DFM 97,      pressure sensor +           GPS height 

 
 Modem M2K2,                                      GPS height 

 
 Lockheed Martin Sippican 
 LMS -5                     GPS height 

 
 Meisei RS-01G                                           GPS height 

 
 Meteolabor, SRS-C34, pressure sensor  
 +Snow White chilled mirror hygrometer      [special] 
 
 Sippican MKII, 3 thermistor radiosonde       [special] 

 
 





Up to 20 local staff supporting operations by day 



and by night 



Management team  
+ Met Service  
Technicians worked 
together to develop 
Balloon filling and  
Launch techniques  
suitable to local 
conditions 

Hydrogen generator  
required supply of 
Purified water, 
Not always available 
At all locations?? 



 Temperature sensors were nearly all of the size to provide a high        
 speed of response  so that if: 

  The sensor calibration was correct, 
   The radiosonde signal channel electronics reliable, 
   Data transmission and reception reliable,  
 
 a long-term stability of temperature measurement at night of  

 ±0.1 K is potentially achievable.  
 
  The small differences between the temperature measurements 

 of most of the radiosondes, see next slide ,indicates that many 
 of the operational radiosondes were  close to achieving the  
 accuracy desired for long term climate monitoring, with 
 larger problems observed  in the previous WMO intercomparison  
 in Brazil mostly eliminated. 

 

Temperature  



Temperature sensors in Mauritius 



LMS Multithermistor radiosonde sensors 



However, only one radiosonde design had temperature  
sensor exposure in the daytime that should ensure 
 the best accuracy for daytime measurements at the 
 highest altitudes in the stratosphere. 
 
There is still further room for improvement in daytime 
 measurement quality for nearly all the daytime  
temperature measurements  

Daytime Temperature 



Systematic differences in  nighttime temperature 
referenced to the average of  Graw, Meisei, Sippican, SRS-adjusted and Vaisala

 WMO High Quality  Radiosonde Comparison Test, Mauritius 2005
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Systematic differences in daytime temperature referenced to the nighttime reference using 3 thermistor 
measurements, 

 WMO High Quality  Radiosonde Comparison Test, Mauritius, 2005

0

5

10

15

20

25

30

35

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5

Temperature difference  [K]

H
e
ig

h
t 

 [
k
m

]

Vaisala RS92
SRS
Meisei
Modem
Sippican
Graw
3 Therm
SRS-adj



Estimated random errors in nighttime temperature measurements,
 WMO High Quality Radiosonde Comparison, Mauritius 2005,

assuming Vaisala random errors were as shown
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Estimated random errors in daytime temperature measurements,
 WMO High Quality Radiosonde Comparison, Mauritius, 2005

assuming Vaisala errors were as shown
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Pressure sensor errors have always limited the heights 
 to which very stable temperatures could be reported. 
 
 In this test, the GPS radiosondes have demonstrated  
that height/pressure measurement no longer limits 
heights to which radiosondes can usefully be used .  
 
Reproducible  heights with good long term stability 
 should be possible with GPS radiosondes up to at least 40 km, 
 given that the radiosonde batteries can sustain the 
 longer flight duration. 







Systematic differences in pressure sensor measurements
referenced to the average of the GPS radiosondes at upper levels

and the correct fit to surface pressure near the surface,
 WMO High Quality Radiosonde Comparison, Mauritius
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In most of the earlier  WMO Radiosonde Intercomparisons,  
 any flight that had passed through cloud or rainy conditions, was  
usually excluded when comparing between sensor calibration. 
 
The carbon hygristor used in earlier USA radiosondes was not stable  
in wet conditions and could have large  negative errors 
 [greater than 20 per cent R.H.] on emerging from cloud . 
 
The Vaisala RS80 was often contaminated after passing through  
wet conditions and often had large positive errors on emerging  
from the cloud. 
 
 
Thus, if the old generation of humidity sensors had been tested 
 in Mauritius  the systematic biases of many types would have  
been much more than 15 per cent or more from the reference  
in the middle tropopshere. 

Relative Humidity 



 In Mauritius, Vaisala RS92 and Snow White chilled mirror hygrometer 
 were in close agreement at heights up to 14 km, 
 i.e. down to temperatures of -70°C. 
 
Most of the other radiosonde systems showed relatively small  
standard deviations relative to the Vaisala measurements.  
 
However, many of these radiosonde systems showed large  
positive systematic bias at night. This seemed to be related to 
problems with inadequate protection  and/or ventilation of these sensors 
in wet conditions. In daylight positive biases were small indicating that 
the sunshine around the sensor probably drove off the contamination. 
  
If the water contamination problems could be solved then the sensors 
could be expected to be of good performance. 
 
In one case, chemical contamination from the radiosonde caused 
significant negative bias  in the lower troposphere, but the 
contamination seemed to disappear by the time the radiosonde reached 
the middle tropopshere.  



    
 

                     

                                                                                     

                  

       

Relative humidity sensors from Mauritius 



Lamp 

Peltier cooler 

Illuminated 

mirror 
Airflow inlet 

Fiber optics 

Sensor head (1) Inside a nighttime Snow white sensor 
 

Sensor head 

Air flow inlet 

 

Nighttime Snow White 













Consistent with comparison 
against GPS water vapour 



In daytime conditions, only Snow White appeared to make  
measurements close to the most reliable nighttime measurements.  
 
However, Snow White was unable to make useful daytime 
 measurements at temperatures lower than -50°C, in the moist conditio   
prevailing in the Mauritius intercomparison. 
 
A stability of 2 per cent relative humidity should be achievable from  
radiosonde measurements at night at all temperatures down to - 70°C 
 with more developments to the current sensor designs. 
 
 This may also be possible in the daytime in future, since random errors 
 in relative humidity seem similar day and night. 
 
 In Mauritius the three most reliable humidity sensors were Vaisala RS9   
Snow White and Sippican, but all three require more development to  
optimize performance.  



In recent years there has been much criticism of radiosonde 
operations  for changing equipment and hence disrupting 
traceable climate records since 1955.  
 
However there was no point in attempting to standardize the 
equipment in use until it was  capable of the performance 
requirements necessary for the task. In particular, radiosonde 
communications and data display and processing systems 
only started to become really reliable in about 1980. 
 
In practice the name of many radiosondes may stay the 
same, but the electronics always changes with time, because 
of the limited lifetime of modern electronic components. 
 
The radiosonde must be built in such a way that there is only 
one orientation  to deploy the sensors, whoever is operating 
the system.  
 
If there are several  ways of deploying the sensors 
 then immediately the traceability is lost.  
 



The limitations imposed on each radiosonde sample by  
small-scale motions in the tropics can be illustrated by 
 plotting all the temperature and humidity observations 
 for one day as a function of height. 
 
 Results for Vaisala measurements  
 on February 8 2005 
 and February 22 2005  
are shown for temperature and relative humidity 
in the following slides. 
 
 There were no significant synoptic changes near Mauritius 
 on 8 February  and some small changes in tropospheric  
winds on 22 February  



    

8 February 

    

Comparison of four radiosonde temperature measurements within 14 hours, 
 demonstrating the influence of small scale atmospheric motions in the stratosphere. 

22 February 



     

8 February 22 February 

Comparison of four radiosonde relative humidity measurements within 14 hours, 
  



  

Comparison of four radiosonde u component wind measurements within 14 hours, 
 demonstrating the influence of small scale atmospheric motions in the stratosphere. 

8 February 22 February 



  

Comparison of four radiosonde v component wind measurements within 14 hours, 
 demonstrating the influence of small scale atmospheric motions in the stratosphere. 

  

8 February 22 February 



Atmospheric variability in the tropics  
Associated wwith  longer averages 
 can be seen in all the following examples from  
 the different radiosonde types in Mauritius: 



All Sippican day time 
Temperature measurements 



All Snow white night time 
Relative humidity measurements 



All Snow white night time 
Dewpoint measurements 



All Modem day time 
U wind component  
measurements 



All Graw day time 
V wind component  
measurements 



Observing strategy?? 
 As operational radiosondes are widely used and debugged, 

use at least two different systems at highest quality 
reference site, to guard against changes in performance 
induced by production engineering changes. 
 

 Under normal conditions fly both radiosondes 
independently, with launch times fairly close, so that 
average of the two measurements reduces 
representativeness errors. 
 

 Only perform twinflight comparisons, if significant 
difference occurs between the two types of radiosonde. 
 

 Any specialised radiosonde needs to be debugged, the use 
must be well documented, and should be capable of mass 
production by a designated manufacturer  
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