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1 Intention
The over-arching goals of the additional GRUAN ground-check procedures are

• to ensure traceability to SI units and long-term stability of the measurements. This requires 
additional comparisons to standards where applicable

• to check measurement quality by appropriate tests and to identify bad individual sensors. 
The GRUAN data processing will use the data acquired during these ground test for evaluat-
ing the sensors performance and uncertainty.  Some instruments defects might not be re-
vealed by the  standard  ground check procedures,  but  can be revealed by the  additional 
ground checks.

• to ensure that the instrument uncertainty is in the limits specified for GRUAN measure-
ments. [GCOS-112, 2007]

The goals are generally addressed by performing comparisons to reference standard in a suitable en-
vironment.  The procedures  explained below and the  thresholds  for  identifying  bad instruments 
(Table 1) widely rely on the experiences that have been acquired with these ground-checks on some 
GRUAN sites.

The use of these additional ground checks smoothly integrates into the normal operating procedures 
and requires little additional effort. However, they are not applicable to automatic launching sys-
tems.

This document does not describe the usual RS92 pre-launch procedures, which essentially should 
be handled as described in the corresponding Vaisala manual [Vaisala, 2004]. Here, the focus is on 
additional ground-checks that shall be carried out by GRUAN stations in order to ensure reference 
quality of the measurement.
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2 Overview
The RS92 pre-launch procedures consist of 2-3 steps. The use of the GC25 ground check system 
from Vaisala is mandatory. An additional GC is necessary in order to characterize the long-term sta-
bility of the temperature and humidity measurement. Examples include an indoor ground check in a 
standard humidity chamber (“100-%-pot”) with stable humidity and a SI traceable temperature 
reference, or an outdoor comparison with reference sensors under well-ventilated ambient condi-
tions  in  an  appropriate  instrument  shelter  such  as  the  Temperature-Humidity  reference  system 
(“THref”). All meta-data acquired during the pre-launch procedures shall be sent to the GRUAN 
lead centre (LC) in by an appropriate xml file [see GRUAN-TD-1]. This file may be produced using 
the GRUAN launch client [see GRUAN-TD-3]. The lead centre will provide the tools necessary to 
appropriately collect, store, and transfer the ground-check data to the GRUAN meta data-base.
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3 The Vaisala GC25 Ground Check
The GC25 Ground check unit from Vaisala performs comparisons of the temperature, humidity, and 
pressure of the radiosonde to references. From these comparisons readjustments are derived and the 
DigiCORAIII system corrects the data from the sonde during the measurements accordingly. The 
GC25 is essential for ensuring high calibration accuracy of the pressure and temperature sensors 
that suffer a drift during transport and storage. However, the re-calibrations of the humidity sensors 
(U1 and U2) are not applied for GRUAN observation (if a correction was applied, it will be re-
moved by the processing software for the GRUAN data product). However, the GC25 performs a 
reconditioning of the humidity sensors that is important and verifies to some extent that both hu-
midity sensors are working properly.

3.1 The pressure reference
The GC25 does not provide for a pressure reference sensor.  Therefore,  pressure measured by a 
nearby weather station is either typed in or automatically read by the DigiCoraIII software. It is im-
portant that the pressure reference is either at the same altitude (within less than 0.2 m) as the GC25 
or that the altitude difference between the pressure reference sensor and the GC25 station is repor-
ted with an accuracy of < 0.2 m to the GRUAN meta data base (GMDB) at the lead centre. Also the 
altitude above sea level of the GC25 needs to be reported with an accuracy 0.2 m. The pressure ref-
erence or the GC25 shall not be moved without updating the meta data base. 

The calibration  of  the  pressure  reference  shall  be SI  traceable  with  an  absolute  uncertainty of 
0.05 hPa and needs to be routinely re-certified.

3.2 Operation procedure
The GC25 is used for GRUAN observation in the same manner as for normal routine launches in 
the way described by the manufacturer. GRUAN station shall

• recondition the sonde (press “recond.”) in the appropriate window

• perform a GC25 ground check

• Enter the reference pressure while the Radiosonde is in the GC25 (if not done automatically)

• Enter  the  reference  pressure  from  the  same  pressure  sensor  at  the  time  of  the  launch 
(±5 min) in the window for the surface observations together with other surface observa-
tions.

3.3 Maintenance of the GC25

Renewal of the desiccant
If one of the sensors measures a humidity of more than 2 % RH in the GC25 chamber the desiccant 
shall be replaced by new or properly reconditioned desiccant. Some stations may apply stronger cri-
teria for the replacement (e.g. Lindenberg replaces when RHGC25 > 0.5 % RH.
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Recalibration of the temperature sensors
The temperature reference shall be re-calibrated by the manufacturer at least every two years (this is 
usually part of the Vaisala maintenance contract). Stations are requested to provide a copy of the 
calibration certificate to the lead centre.

For data comparison it is important that the system clock is as accurate as possible. The PC connec-
ted to the DigiCoraIII shall be weekly synchronized with a time reference. If possible this procedure 
should be automated in which case the synchronization could be done before every launch.

3.4 QC requirements
The Radiosonde shall not be used for GRUAN reference observations when:

• at least one of the sensors measures a humidity of more than 2 % in the GC25 chamber with 
fresh desiccant;

• the two humidity sensors show a difference of more than 1.5 % RH;

• the temperature sensor requires a recalibration of more than 1 K;

• the pressure sensor requires a correction of more than 1.5 hPa.

Data that do not adhere to these requirements will not be processed by the LC. Therefore sites may 
wish to consider this to be a "bad radiosonde" and start a different radiosonde.
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4 The standard humidity chamber (SHC)
The standard humidity chamber is a closed, container that holds a volume of air with well defined 
humidity and temperature, providing reliable (SI traceable) references. The air is ventilated by a fan 
to ensure homogeneous distribution of humidity and temperature inside the chamber and a ventila-
tion of the sensors which is comparable to that during ascent (5 m/s). The vessel should be placed in 
a laboratory with normal room temperature, sheltered from direct sunlight. The chamber is tightly 
closed and isolates the air inside from the environment. The radiosonde is placed over a hole in the 
cover of the chamber using a special fit in such a way that the sensor boom is inside the air in the 
container and no air can escape the chamber through the opening (Figure 1).

A thermometer with a certified, SI traceable calibration and an accuracy of less than 0.05 °C is in-
stalled near the RS92 temperature sensor and provides an independent reference for observing long-
term drifts of the RS92 calibration.

In the example shown in Figure 1 a humidity standard is realized by adding a small amount of pure 
water to the vessel.  Provided that the isolated system is in physical equilibrium the air volume 
above the water  is  saturated  with water  vapour.  By definition,  the  relative humidity in  then  is 
100 % RH. Optionally,  a  saturated  Potassium Sulfate  (K2SO4)  solution  can  be  used  which  will 
provide  a  relative  humidity of  97.6  ±  0.5 % RH at  20 °C [Greenspan,  1977].  The temperature 
sensor(s) in the chamber shall provide a SI traceable, routinely renewed calibration (2 – 5 years 
cycle).  Copies  of the corresponding calibration certificates  should be sent  to the GRUAN lead 
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centre.

Stations that  install  the SHC need to report  this  to  the LC.  The lead centre  will  configure the 
RsLaunchClient for this station such that it will enable the station to enter the ground-check data 
end send it to the GMDB. Therefore, for each launch the specific name of the check tool (e.g. “100(e.g. “100--
POT” )POT” ) must be added to the instruments and sounding components (2nd page) and on the 3rd page 
the check has to be added and the readings from the reference thermometer must be typed in. Al-
ternatively, the temperatures of the references are logged to a data file which can be provided to the 
GRUAN data base along with the radiosonde data.

4.1 Operation procedure
After the radiosonde has passed the GC25 check, it is checked in the chamber for at least 5 min (e.g. 
during balloon inflation). Radiosondes that measure a difference of more than 5 % RH from that 
value are not within specification and should be sent back to the manufacturer for replacement.

The indications from the reference thermometers are noted while the radiosonde is in the chamber 
and stored in the GRUAN meta database (using RS launch client, see above).

4.2 Maintenance of the standard humidity chamber
The solution in shall be replaced every six months.

For the 100-%-pot double distilled water shall be used.

4.3 QC requirements
The Radiosonde shall not be used for GRUAN reference observations when:

• The temperature of the radiosonde differs more than 0.2 K from the reference in air.

• The humidity of the radiosonde (U1 or U2) differs more than 2 % RH from the standard 
(100 % RH above water or 97 % RH above a K2SO4 solution).

• The difference of the two humidity sensors exceeds 1.5 % RH.

Table 1: QC requirements for RS92 data processing

Requirement Value
max. GC25 temperature correction 1.0 K

max. GC25 pressure correction 1.5 hPa

max. GC25 humidity correction (U1 OR U2) 2.0 % RH

max. GC25 U1 – U2 difference 1.5 % RH

max. SHC difference T(RS92) - Tref 0.2 K

tolerance of U1 and U2 in SHC (100%) 98.8 % RH – 103.6 % RH

max. SHR U1 – U2 difference 1.5 % RH
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5 Temperature-Humidity reference system (THref)
The THref (Figure 2) is a commercially available instrument system that provides a ventilated en-
vironment for pre-launch radiosonde comparisons to multiple T/RH probes. The nominal accuracy 
of the reference measurements is ±0.5 % RH, ±0.1 °C, and ±0.08 hPa. Correlated RS92 and THref 
measurements are useful for characterizing individual PTU sensors as well as statistical analyses of 
datasets in several ways:

• Characterizing the accuracy of PTU sensors relative to a traceable reference-quality stand-
ard. The RS92 RH calibration function is not linear, and this additional information comple-
ments the information at 0% RH and 100% RH.

• Tracking of calibration accuracy and radiosonde performance over time.

• Statistical datasets of operational RS92 calibration bias and its dependences, organized by 
time and/or calibration batch, might be valuable data for promoting improvement of calibra-
tion accuracy at Vaisala, understanding of differences between factory performance and op-
erational performance, and possibly development or updating of a correction for mean calib-
ration bias.

The THref also makes accurate surface PTU time series measurements when run continuously (as it 
is designed to).

Note that other sensors with most any type of output can be sampled by the THref data logger and  
integrated  into  the  data  stream.  Possibilities,  in  addition  to  a  reference  P sensor,  include  up-
ward-looking JPEG photos of sky/cloud conditions (either on-demand for radiosonde launches, or 
on a schedule), wind sensors, precipitation sensors, ceilometer, etc.

5.1 Operation procedure
The THref instrument shelter is sited with the door facing north, away from sources of heat and 
moisture (buildings, concrete, bushes). The radiosonde is placed in the THref with the sensor facing 
the door (upwind), and the door is closed for 7 – 10 minutes of comparative measurements prior to 
launch, after other ground check procedures have been performed. A photo-sensor records the pres-
ence of a radiosonde in the THref data files, which nominally consist of 5 s samples and 1 min aver-
ages from each probe, and averaged values.  The RS92 biases relative to THref during the compar-
ison period are determined later by correlating the THref and RS92 FRAWPTU data files in time 
and comparing 1 min averages. These files must either be transmitted to the lead centre for pro-
cessing and inclusion of the resulting bias information in the meta-data, or code to perform the 
THref comparison must be present on the THref or other local computer. It is important that clocks 
on the DigiCora and THref PCs be synchronized with a time standard for accurate correlation of the 
time series, although small time offsets can be accommodated using cross-correlation analysis dur-
ing the data processing.
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5.2 Maintenance Requirements
To maintain the manufacturer-specified accuracy, the probes must be re-calibrated annually by the 
manufacturer or on-site using available calibration salt solutions. With considerably more effort, ex-
pense, data analysis, and record-keeping, it is possible to achieve extremely high RH accuracy of up 
to ±0.2 % (that's %, not % RH) if the probes are calibrated at NIST over their full range of RH and 
T, and the differences from the NIST reference values are used to correct the probe calibrations.

The probe tip filters should periodically be checked and cleaned or replaced as needed.

5.3 QC requirements (not yet implemented, GDP-RS92 version 0.2)
Radiosondes with obvious oscillations between the sensors are rejected.
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6 Preparation of the RS92 for launch
After the ground checks, the RS92 is prepared for launch as recommended by the manufacturer. The 
use of an unwinder with a rope length of at least 30 m is mandatory.

The radiosonde should be launched within 20 min after the last ground check (SHR or THref) was 
completed.

Balloons should be filled such that the ascent rate is close to 5 m/s. Typically the filling weight for 
ascents with only one RS92 should be about 1.25 kg.
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