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A vision for the future:

  Fewer regular radiosonde stations
  GPS RO for temperatures above 500 mb
  IR and microwave soundings (T and water vapor)
  Winds from AMDAR, profilers
  Ground based GPS column water vapor network 

continuous in time
Sparse network of “reference sondes” for satellite 

calibration and climate monitoring, and UT water vapor
Co-locate new sondes with regular sonde sites to 

replace them at appropriate times
Integrate with ozone sondes and/or GAW, SRB etc?
Co-locate with CEOP reference sites?

Recommendation: Establish a new global 
baseline network of “reference” radiosondes

From Trenberth 2002.



  

Purpose of Reference Sondes

• To create an anchor and baseline 
reference point that does not require 
bias correction for assimilation and 
comparison with all other observations.

• To create a climate data record in its 
own right at that location.

• The latter can be achieved only for a 
fixed schedule of regular synoptic 
observations.



  

Sondes vs satellite soundings

• A typical sun synchronous satellite has a 
retrograde orbit with period about 96 to 100 
minutes.

• It does not pass over the same spot again for 
several weeks

• It moves at a rate of over 400 km in one minute
• The entire orbit is about the time of one sonde 

sounding
• Many satellite soundings are not made at nadir 

and do not sample the same vertical profile.
• Satellite soundings have a finite sized footprint



  

Sondes vs satellite soundings

• Sonde soundings have an ascent of 
order 5 m/s (300 m/min) and take over 
90 minutes to get to 10 hPa.

• During this time they drift with winds 
by 100 to 200 km. (0 to 100 kt in 1 
hour is 90 km).

• Sondes are typically launched about an 
hour ahead of nominal synoptic time, so 
the midpoint of ascent coincides with 
actual NWP analysis time



  

Sondes vs satellite soundings

• To best utilize satellite soundings, they 
should be inserted in 4DDA at exact time 
and place they are made (asynoptically)

• To best utilize sondes, they should 
similarly be inserted at the time and place 
they are made, allowing for time of launch 
and displacement by winds

• The comparison of analysis vs observations 
can probably provide the best calibration 
and bias correction for radiances



  

Sondes vs satellite soundings

• For any place, the signal in a sounding 
is made up of:

• The value at the point
• The perturbation in time from 

nominal
• The perturbation due to displacement
• Any errors in the sonde



  

Sondes vs satellite soundings

• Except perhaps for one point and time, all 
other sonde measurements will not match 
those of any satellite sounding.

• The offset in time consists of a systematic 
component associated with the diurnal 
cycle and a synoptic component related to 
weather.

• Comparisons of sondes with satellites 
should always include a systematic 
adjustment for diurnal cycle time offsets.

• It may also include an adjustment for 
displacement (relative location).



  

Conclusions
• It makes no sense whatsoever to try to 

collocate reference sondes with satellite 
overpasses.

• It makes a lot of sense to develop better 
ways to compare the two, taking proper 
account of random and systematic errors, 
which has NOT been done yet.

• Global 4DDA may provide the best source 
of radiance calibration and bias, although 
radiation transfer code errors are also 
present.



Conclusions

Another form 
of MSU 
calibration is 
from GPS 
Radio 
occultation (cf 
COSMIC): see 
BAMS article 
2008



  



  

Reproducibility of soundings and MSU comparison



  

Biases in NCEP 
reanalyses tropical 
tropopause


