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1. Introduction 

The 8th GRUAN Implementation and Coordination Meeting (ICM-8) was held from 25-29 April 2016 in 
Boulder, Colorado, USA. It benefitted from support by the local hosts, NOAA, and from the NOAA US 
GCOS office. It included a site visit to the GRUAN site in Boulder at Marshall Field.  

2. Opening session and keynotes 

2.1. Welcome – Peter Thorne and Greg Bodeker 

The GRUAN Working Group co-chairs opened the meeting by welcoming the participants. Dale Hurst 
welcomed all participants on behalf of the local hosts.  

2.2. GRUAN Fundamentals – Ruud Dirksen 

Ruud set the scene for ICM-8 by providing a succinct overview of the GRUAN basics for new GRUAN 
ICM participants. The presentation began with a rationale for the establishment of GRUAN and in 
particular the long historical need for calibrated reference data of upper-air essential climate varia-
bles. Ruud went on to show example time series whose long-term homogeneity had been compro-
mised by undocumented and unmanaged instrument changes. A 2013 JGR paper by Moradi et al. 
shows differences between radiosonde and satellite-based upper tropospheric humidity measure-
ments that display unphysical regional structure such that the global radiosonde record is far from 
spatial homogeneous.  

Ruud then summarized the essential characteristics of GRUAN, the current map of GRUAN sites, the 
GRUAN governance structure, and GRUAN’s relationship to existing observational networks. The 
central goals of GRUAN are to maintain consistent observations of upper-air climate variables over 
decades, validate satellite systems, understand atmospheric processes, support numerical weather 
prediction, conduct measurement programmes with deliberate measurement redundancy, ensure 
standardization and traceability in measurement programmes, manage the quality of measurement 
programmes, and ensure that all changes are managed. A GRUAN reference observation is traceable 
to an SI unit or an accepted standard, provides a comprehensive uncertainty analysis, maintains all 
raw data, includes complete meta data description, is documented in accessible literature, and is 
validated (e.g. by intercomparison or redundant observations). To establish reference quality, trace-
able sensor calibration, uncertainty of input data, and transparency of processing algorithms are all 
firm requirements. The use of black box software, a disregard for systematic effects and the use of 
proprietary methods are all disallowed. Change management in GRUAN is mandatory. Therefore it is 
essential that new systems, software, or procedures are evaluated prior to implementation. System-
atic biases and random uncertainties must be quantified for the new system and redundant observa-
tions must be used to verify the new system. Transfer functions must then be developed and used to 
homogenize the old and new measurement time series.  

Ruud finished the presentation by providing an overview of the GRUAN sites that had been certified 
to date and the achievements of GRUAN over the preceding year. 

2.3. Lead Centre progress report – Ruud Dirksen 

Ruud then went on to summarize the activities at the GRUAN Lead Centre over the preceding year. 
Seven new candidate sites came into GRUAN during the year, viz. five Australian sites (Darwin, Mel-
bourne, Alice Springs, Macquarie Island, Davis) as well as Dolgoprudny (Russia) and Singapore. Three 
sites were certified in 2015 (Payerne, Potenza, Sodankyla) while Cabauw was certified in early 2016. 
Beltsville and Tateno were under review for certification.  

The certification procedures are being coordinated by the Lead Centre. Ruud Dirksen was appointed 
as the Head of the Lead Centre on 1 April 2015 and Christoph von Rohden joined the Lead Centre in 
November 2015. The Lead Centre participated in a number of campaigns during 2015 including the 
MORGANE campaign at Reunion Island in May 2015, software testing with Vaisala and discussion of 
the GRUAN interface, collaboration with GFZ Potsdam in the development of the GRUAN GNSS data 
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product, the StratoClim Campaign in collaboration with ETH Zürich, and collaboration with CAO 
Moscow on the FLASH-B instrument.  

The Lead Centre conducted experiments to determine flow patterns in the radiation-test chamber 
using laser Doppler anemometry. The Lead Centre also advanced with the development of version 3 
of the GRUAN data processor for RS92 radiosondes. An extensive characterisation of the RS41 radio-
sonde was undertaken over the previous year that included laboratory experiments (radiation, cali-
bration, time lag) as well as dual soundings with RS41/RS92 and CFH.  

Ruud also gave an overview of the performance of the GRUAN Data Products RS92-GDP.2 over the 
previous year. The Lead Centre provided oversight for a number of new data products that are, or 
have been, developed, including the Meisei radiosonde data product (in collaboration with Kizu-san), 
the Meteolabor radiosonde data product (in collaboration with Rolf Philipona), the Modem radio-
sonde data product (in collaboration with Martial Haeffelin), the Frostpoint hygrometer data prod-
uct (in collaboration with Holger Vömel), the GNSS-PW data product (in collaboration with GFZ Pots-
dam), the lidar data product (in collaboration with Thierry Leblanc), and the microwave radiometer 
data product (in collaboration with Nico Cimini).  

Ruud also gave an overview of the new GRUAN web site which is under construction. Ruud finished 
the presentation by reporting that the standard humidity chamber (SHC) had been redesigned by 
the manufacturer (Schulz & Partner) and can be ordered for €2,800 each. 

2.4. Assessment of progress against ICM-7 actions – Peter Thorne 

Peter worked through the status of the ICM-7 actions. 10 actions had been completed, of which 4 
were high priority. 16 had been partially completed of which 2 were high priority, and 9 were at risk 
or had not started.  

3. ICM-7 action items requiring additional discussion 

3.1.  Redraft IP to be more a strategic plan document – Peter Thorne 

Text to come here… 

3.2. Transmitting GRUAN uncertainties over BUFR and required modification of BUFR tables – 
Ruud Dirksen and Sasha Kats 

The talk was prefaced by a small intro of Peter Thorne stressing that in a long term prospect GUAN 

sites are about to send to GTS upper-air data resulting from GRUAN processing where NWP could 
benefit from provided uncertainties estimates. 

Alexander Kats addressed two BUFR-related issues: reporting uncertainties and reporting addition-
al metadata, both largely inspired by e-mail communication and face-to-face discussion prior to 
the meeting with Nobuhiko Kizu and Masatomo Fujiwara. 

It was stressed that the importance of preserving conformance to B/C 25 Regulations when we 
talk about NRT reporting of upper-air data over GTS and respective limitation existing regulations 

impose onto data reporting. From the other side – proposed amendments to BUFR tables should 
not be very GRUAN specific and be general enough to allow usage by other application to ensure 
manageability of BUFR tables. 

From the implementation point of view, modifying the existing way of upper-air representation in 
BUFR requires putting some resources either from manufacturers or the GRUAN community. The 

latter case could be a great challenge. 

Several clarifications were requested about uncertainties to be reported: total uncertainty of its 
components, expression of uncertainty estimates (standard uncertainty or an expanded one), re-
porting uncertainty of derived values like dew point etc. 

The presenter encouraged the GRUAN community to concentrate on content to be reported with 
augmented BUFR messages from the GRUAN side, rather than on technical details of encoding 
leaving the latter issues to dedicated community of BUFR experts. 
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The presenter provided a brief review of mechanisms already existing in BUFR for using data pre-
sent bitmap for reporting quality information which is already possible to use for reporting QC 

flags. 

Several comments were given in respect to reporting Ground-Check information to make it more 

generic and more informative, e.g. including the time when the Ground-Check was performed, 
which may be of value for Auto-launchers. 

The meeting was informed that Code figure 4 ‘Automated (unmanned) sounding system’ in  0 02 
083 ‘Type of balloon shelter’ was already proposed to IPET-DRMM III in 2015 and GRUAN was en-
couraged to support the proposal. 

A doubt was expressed that ideas of reporting additional metadata with BUFR are mature enough 
for respective proposals to be submitted to the next IPET-DRMM IV Meeting starting on May 30 in 

Geneva, but it seemed possible to discuss on that meeting GRUAN needs and get advised about 
further steps to be undertaken. 

ICM-8 was requested to provide guidance for further work to be undertaken by Ruud Dirksen, Al-
exander Kats, Nobuhiko Kizu and other interested people by e-mail.   

3.3. All sites with capability to report BUFR over GTS in NRT – Ruud Dirksen 

Lists GRUAN stations with and without full reporting. BUFR and FM35. Some corrections are need-
ed from stations to table. The representative from the ARM SGP site in Lamont requests help with 
BUFR implementation. Peter Thorne asks how likely it is it that all (GRUAN) stations will transmit 

full BUFR. This action remains open. 

Richard Querel (NZ) mentions that WMO id mapping between GRUAN to WMO should be estab-
lished.  

Tom Gardiner (NPL) asks what are the uncertainties that will be going into the NRT BUFR (wrt to 
GRUAN processed), to which Peter Thorne responds that a second BUFR message can be transmit-
ted later with the full GRUAN processed uncertainty information. Sasha Kats wonders if/how NWP 
can deal with two separate messages. 

3.4. Status of the multiple payload task - Masatomo Fujiwara and Hannu Jauhiainen 

Masatomo Fujiwara presented the current status of the multiple payload configuration task which 
is one of the main tasks of the Task Team on Radiosonde. Hannu Jauhiainen and Masatomo Fuji-
wara, with several coauthors from the Team members, are writing a document titled "Review of 
Multiple-payload Radiosonde Sounding Configurations for Determining Best-Practice Guidance for 

GRUAN Sites." Fujiwara quickly went through the contents of the document. After the Introduction, 
Section 2 discusses the physical effects influencing temperature and humidity measurements that 
need to be considered when an actual multiple payload configuration is determined. Section 3 ex-

plains the components of a multiple-payload system such as balloon, main string, parachute, and 
booms and short strings that are used for assembly of the multiple payload. Section 4 is the main 
part of the document, which reviews various multiple-payload configurations used at GRUAN sites 
and during the past WMO radiosonde intercomparison campaigns, showing many photographs and 
illustrations. The configurations are categorized into (a) multiple payload without booms, (b) mul-
tiple instruments hanging on booms, (c) multiple instruments fixed to booms, (d) multiple instru-
ments attached to the string vertically, and (e) combined assembly. Section 5 discusses the target 

for developing best-practice guidance for GRUAN radiosonde intercomparison, including the criteria 
for evaluating rigging methods, and the point of views for determining preferred rigging method; 
but, this section is still premature. The first draft of the manuscript was completed a month ago, 
which is being reviewed by the coauthors. The issue is that currently no recommendation can be 
made because there is no in-flight evaluation studies of the impact on the temperature and humid-
ity measurements. During the discussion, it was pointed out that data are available from some 

GRUAN sites (at least Lindenberg) for such evaluation studies, that is, data from RS92 radiosondes 

which were flown with various multiple payload configurations. MF suggests: We first complete the 
currently prepared manuscript as a GRUAN Tech. Note. Then, we make RS92 data analysis and 
publish the study. Finally, we make a recommendation in a separate GRUAN TN and/or in a/the 
publication. 

3.5. Automated sonde launches: an update on progress and plans – Rigel Kivi and Fabio Ma-
donna 

In previous ICMs, the results of statistics applied to the data collected from 8 station operating an 
auto-launcher have been presented (Sodankylä, Jokioinen, Potenza, Kushiro, Matsue, Minamidai-
tojima, Shionomisaki, Wajima). 
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Investigated data were time series of : total time on a tray; total sounding time, balloon filling 
volume; ascent rate; P, T, U1, U2 correction in GC, etc. Along with this parallel soundings have 
been investigated to quantify temperature and humidity profile differences. Soundings were 

grouped by the time sonde stays on a tray before the launch. 

Results showed that autosonde performance are high and that variations of time period between 
ground check and launch did not influence the comparison results. Parallel soundings suggested no 
significant biases in temperature and humidity profiles 

To use the autosonde for GRUAN, the implementation of an independent GC is required. To this 
aim, Potenza autosondes will be used to test the following measurement protocol: 

- a reference hygrometer will be operated within the launch chamber to perform a GC before 

the launch (in the autosonde the GC is performed during the radiosonde loading only). 
- in addition, small but enough accurate digital hygrometers will be used to measure the 

stability of the humidity field within the launch chamber (e.g. carousel) to have a good 
metrological characterization of the uncertainty sources. 

The Potenza station will coordinate with the LC to process the data and demonstrate the value of 
this approach. 

The Standard humidity chamber will be also used during the sonde loading to demonstrate the in-
fluence of the time lag between the sonde loading and the sonde launch time on the ground cali-
bration of the sondes. The beginning of this experiment phase is fixed for June-July 2016. 

In the discussion Ruud Dirksen stresses that also for the autosonde 100% is important to be able 
to show issues with the sonde. Tony Reale asks if the autosonde allows for timed launches target-
ed at e.g. IASI overpasses? Jim Hannigan asks if experiments could be repeated in US? He is will-
ing to put additional instrumentation in (budget allowing). 

3.6. Periodic science review of network expansion priorities and progress – Greg Bodeker 

Greg Bodeker discussed the value of periodic science review of network expansion priorities and 

progress. While a GRUAN network expansion workshop had been held in June 2012 to explore the 
scientific foundations for expansion of GRUAN, it had been subsequently found that the outcomes 
of that workshop had not strongly motivated the selection of new sites coming into GRUAN. New 
sites had come into the network rather through personal contacts to sites demonstrating an inter-
est in joining GRUAN. Some discussion was had as to whether any further activity was needed to 
conduct future science reviews of network expansion priorities. It was decided that this was not 

necessary and that it would be better if effort was spent bringing new sites into GRUAN and then 
to scientifically evaluate the value of the new measurements being brought into the network. 

In the discussion that follows, Roger Atkinson (WMO) mentions he is not in favour of a planned 
expansion. Sites need to show enthusiasm to be involved. Besides, the station map is self explana-
tory in showing gaps. Belay Demoz (Beltsville) proposes that potential sites first need to be en-
gaged, then see what the added value would be. Tom Gardiner (NPL) asks what additional meas-
urements/properties should a site bring? Jackie responds that this should be part of the  applica-

tion process. However, this should not be the driving force. 

4. Discussion of topics raised by Task Team reports 

4.1. Brief summary on discussion points arising from Radiosonde Task Team report - Rolf 
Philipona and Masatomo Fujiwara 

Rolf Philipona introduced a new TT member, Yang RongKang from China. The TT Radiosonde has 4 
main tasks and 4 additional tasks. Some members of the Task Team (Rolf Philipona and Andreas 
Kräuchi from Payerne, and Dale Hurst from Boulder) have been working actively and one of the main 
tasks “Assess controlled descent mechanisms” resulted in a publication (AMT/9/929/2016, doi: 
10.5194/amt-9-929-2016) and is therefore completed. On other tasks, due dates were changed be-
cause as more time to complete them is needed. On multiple payload configurations, a draft manu-
script is in preparation. Masatomo Fujiwara raised the issue of what recommendations should be 
made, if any. Finally, Rolf Philipona mentioned that new sondes are now the target of new activities 
and tasks within the TT, and that, unfortunately Holger Vömel is not any more a member of the task 
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team radiosonde. Further information can be found in the Task Team progress report for March 
2016. 

Questions, answers and discussion after the talk: 

Tom Gardiner: How does certification work in practice, especially for RS92 v3? 

Peter Thorne: TT and LC in charge, following steps described in GRUAN guide and sonde TD 

Rolf Philipona: Meteolabor not like Vaisala, i.e., data processed at Payerne and then provide uncer-
tainty to GRUAN. If something needs to be changed, it has to be done by Meteoswiss 

Tom Gardiner: If another site uses Meteolabor sondes, what would happen? 

Peter Thorne: Certification of data stream would be needed just like any other site 

Marion Maturilli: FPH close to a data product, into network soon? Handled by TT Radiosonde or 
trace gases experts? 

Rolf Philipona and Greg Bodeker: Experts will be helping, incl. Greg, Jacquie Witte; there is no plan 
to create another TT.  

4.2. Brief summary on discussion points arising from GNSS-PW Task Team report – June Wang 
and Kalev Rannat 

June Wang gave a summary of the GNSS-PW TT work during last year and brought some discussion 
points on future work and issues. Rosa Pacione from e-GEOS S.p.A Matera Space Centre, Italy, who is 
active in European networks, is a new member of the Task Team. The TT has finished all six tasks 
listed in their Terms of Reference (ToR). Last year, the TT mainly focused on finishing the GNSS PW 
uncertainty estimate paper (AMT/9/79/2016, Tong et al. 2016), preparing the technical document, 
developing the data collection client requirement and initiating the data flow. The technical docu-
ment (TD) is 75% finished and will be discussed in details later. The writing of the TD is currently on 
hold due to interruption of funds availability at Bodeker Scientific. The TD will be used for certifica-
tion of GNSS measurement program.  

For all instruments/sites in GRUAN (not only GNSS), it is essential to write clear requirements on 
SOPs (Standard Operating Procedures) in "omnibuses", and the TT needs to create a mechanism to 
monitor how these rules are followed in reality. It is the only way to guarantee high-quality data flow 
from the network. It should be something to follow for site certification/evaluation also. Instrumen-
tation, even while 100% automated, cannot be expected 100% functional without following strict 
rules of maintenance (best practices of SOPs written into the omnibuses. 

The data collection client will be finalized by December 2016. Five sites (Lindenberg, Ny-Alesund, 
Sodankylä, Lauder, Cabauw, and Payerne) are currently submitting the raw data to the LC. The main 
issues that need to be discussed next year are implementation of uncertainty estimate by GFZ, the 
GFZ's timeline on creating GNSS PW data product, and interactions and communications among the 
TT, GFZ and sites. We also need to discuss the assessment of data usage, issues and potential im-
provements once the data product is generated. It should be explored to use the data client infor-
mation to update the site inventory file prepared by the TT before. Given the fact of completion of 
the original tasks listed in the ToR and assignment of new tasks, we should plan to revise the ToR. 
This might apply to other TTs too. 

Questions, answers and discussion after the talk: 

June Wang: Who leads TD? 

Greg Bodeker: Bodeker Scientific does not lead TD 

GFZ on Uncertainty estimate: They don’t know the progress status, no work seems to have been 
done recently. 
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Tom Stuart on WMO-CBS: But comment as representing CIMO: Impact of GNSS assimilations is very 
important, uncertainty estimate is very important  

June Wang: GRUAN GNSS is the first to implement PW with uncertainty 

Added talk by K. Trenberth: 

Kevin Trenberth came to the podium for a short historical review of the context in which GRUAN was 
born. Back in 2001, June Wang and Kevin Trenberth were involved in the IHOP, where the concept 
“reference hygrometer” was developed. At that time, there were many activities going on for global 
climate monitoring. Tom Karl and Kevin Trenberth were asked to estimate the needs for a climate 
observation, which led to a BAMS article in 2002, in which the cost of such project was estimated to 
1 billion dollar per decade. Because of its prohibitive cost, the project in its full scale was never pur-
sued, however, a follow-up, smaller-scale concept for upper air was proposed to Peter Thorne and 
Greg Bodeker in Toronto in 2003, which marked the beginning of the GRUAN concept. As a conclu-
sion to his talk, Kevin Trenberth expressed satisfaction that GRUAN still exists today without any in-
flux of money, and asked if any “reference” radiosonde project was going on at NCAR. 

4.3. Brief summary on discussion points arising from Scheduling Task Team report – Tom Gar-
diner and Dave Whiteman 

Tom Gardiner presented a summary of the work of the Scheduling Task Team. Following submission 
of a draft paper on lower stratospheric water vapour trend detection feedback from the reviewers 
had led to some additional analysis being required. However, this is currently on hold until more in-
formation is available on the causes of the on-going disagreement between balloon-borne frost-
point hygrometer (FPH) results and satellite data from the Microwave Limb Sounder (MLS) as these 
were the principle data sources for the analysis. 

A review has been carried out of peer-reviewed literature (about 40 papers) covering coincidence 
criteria and uncertainty between ground-based, sonde and satellite measurement methods. The 
plan is to publish this review as a GRUAN Technical Note and consider the options for a peer-
reviewed submission.  

Work is underway to extend previously published work on uncertainty in sonde temperature meas-
urements due to temporal mismatch (Butterfield, D. and Gardiner, T; AMT/8/463/2015/ 
doi:10.5194/amt-8-463-2015) to other GRUAN sites based on ECMWF reanalysis data. The TT is also 
looking at water vapour mismatch uncertainties. 

On an organizational note, the scope and make-up of the Task Team should be reviewed following 
the preparation of the new Implementation Plan. 

Questions, answers and discussion after the talk: 

Thierry Leblanc: Will a look-up table of uncertainty results be available for each site and will it be 
regularly updated? 

Tom Gardiner: Look up tables of mismatch uncertainties will be available as a function of altitude, 
season and time of day will be available for each site analysis, but it is not certain at this point 
whether these will be updated regularly. 

Kevin Trenberth: Does analysis just cover random uncertainties or systematics ones due to e.g. the 
diurnal cycle? 

Tom Gardiner: It covers both random and systematic uncertainties. 

Xavier Calbet: What is the vertical axis for the mismatch uncertainty plots? 

Tom Gardiner: Discuss in more detail off-line, but it shows the mean standard deviation of the popu-
lation of temperature differences for a given sample size 
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4.4. Brief summary on discussion points arising from Ancillary Measurements Task Team report 
– Tony Reale and Thierry Leblanc 

A summary of task team activities and path forward were provided. Instrument-specific GRUAN 
Technical Document writing progress for lidar, MWR and FTIR was summarized. Lidar and MWR are 
ongoing, FTIR is not started. Work towards a Site Atmospheric State Best estimate (SASBE) remains 
in early stages. Progress was made towards identifying objective and processing approaches with 
respect to SASBE calculation(s), and demonstration of concept is ongoing and was a focal point of 
TT-AM at ICM-8. The need to establish respective Ancillary Measurements data streams underlies 
SASBE demonstration. NPROVS+ progress and expansion was highlighted including the influx of S-
NPP-dedicated RAOB launches at ARM sites and for tropical field experiments sponsored by NOAA. 
Progress achieved toward getting these dedicated RAOB to be GRUAN processed. This includes co-
ordination with Global Space-based Inter calibration System (GSICS) community. 

Questions, answers and discussion after the talk: 

Kevin Trenberth: SASBE is no different than 4D global data assimilation. Should GRUAN be given 
more weight in those assimilations? 

Xavier Calbet: not all data are used in NWP assimilations, plus 80% come from forecast, not observa-
tions 

4.5. Brief summary on discussion points arising from Sites Task Team report – Belay Demoz and 
Dale Hurst 

During the reporting period, the composition of the Task Team of Site Representatives changed. The 
new representatives are Kizu Nobuhizo for Tateno, Ruud Dirksen for Lindenberg, Stephanie Evan for 
La Réunion, Martial Haeffelin for Paris/SIRTA, Lesley Choo for Singapore, Alexander Kats for Moscow, 
and Matt Tully for the Australian BoM sites.  

After the Lead Centre distributed statistics about the maximum altitude obtained in RS92 soundings 
to each GRUAN site, the sites not regularly attaining 10 hPa were contacted and, in some cases, giv-
en information that will assist them in realizing this goal. Most sites are now attaining 10 hPa and 
the new or upcoming sites will be informed of this requirement. 

Regarding the dissemination of the promotional GRUAN video, emails were sent by TT6 to site rep-
resentatives, asking them to contribute photos and videos to this project. Some contributed. Photos 
and videos were sent directly to Greg. The GRUAN TT on Sites was in charge with the official GRUAN 
launch event / celebration. A GRUAN celebration has been organized for ICM-8, including some short 
relevant presentations and possibly posters.  

Finally, an action was assigned for each site to produce photos documenting seasonal and long term 
site changes, for upload to the GRUAN website. Sites were surveyed by the TT co-chairs about what 
they thought were the best ways to handle this task and how frequently this documentation should 
be updated. The information received was distilled and sent to the Lead Centre. It was agreed that 
photos should be submitted every 6 months or when a major change occurred. 

4.6. Report from GRUAN science coordinators and subsequent discussion – Tom Gardiner and 
Richard Querel 

Richard Querel presented on behalf of the science coordinators. There has been slow progress trying 
to gain traction and engagement across the GRUAN community. Two main areas of research have 
been selected for building communication groups, namely the RS92/RS41 transition and the general 
interest in SASBEs. A mailer was sent out and we received positive responses from 20 and 28 people 
for the two subgroups, respectively. The effectiveness of the Science Coordinators’ role was dis-
cussed, with a consensus that change in their approach was needed. It was agreed that more active 
engagement was needed, like periodic phone calls, etc., with a narrower target audience. It is im-
portant that there be regular communication with the Science Coordinators as there can be no co-
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ordination if no information is exchanged. Curating a list of small projects or research tasks might be 
a way to have an ongoing set of science-goal oriented tasks available. This list can be used as a start-
ing point for funded student work or short-term visiting scientist projects. Any of the larger research 
problems should be dividable into "bite-sized" science tasks. These smaller, 1-3 month, focused tasks 
can help push forward the overall aims of our network. 

Questions, answers and discussion after the talk: 

Richard Atkinson: Maybe ask the site reps and the TT co-chairs, maybe organize a webex 

Greg Bodeker and Michael Sommer: Maybe use the website to improve the “newsletter”-style 
communication  

Fabio Madonna: It is a question of finding resources. If you have the resources, you can do the work. 

Tony Reale: Wrote a document about the Ancillary Measurement availability and research needs; 
sent to Science Coordinators but did not get an answer 

Jordis Tradowski: There could be more students in GRUAN to work on small projects. MetOffice has 
money for student/ small projects 

Greg Bodeker: Referring to site assessment and certification of the Guide, there is mention to the 
role of sites in participating to research activities 

Herman Smit: What about a meeting purely on science? This could be a motivation for GRUAN con-
tributors to get more involved 

5. Underpinning science for GRUAN 

5.1. GRUAN and NPROVS – Tony Reale 

Tony Reale presented a talk on ‘GRUAN and NPROVS’. The talk highlighted the NOAA Product Valida-
tion System+ (NPROVS+) and expansions in the context of GRUAN synergy with NOAA satellite prod-
uct Cal/Val programs. Such expansions extend toward improving GRUAN, GSICS and GPSRO coordi-
nation/interaction. A focal point of discussions addressed the integration of GRUAN uncertainty in 
the context of more robust satellite product Cal/Val, GRUAN RAOB monitoring, analysis and feed-
back to the GRUAN, GPSRO and also the numerical weather prediction (ECMWF) communities. High-
lights include identification of moist bias in ECMWF moisture in upper troposphere, some questions 
regarding GRUAN temperature uncertainties in the stratosphere associated with radiation induced 
error and differences/similarities with respect to between GPSRO Tdry (a candidate reference) tem-
peratures in the stratosphere. The talk concluded with ongoing coordination among NOAA Centre 
for Satellite Applications and Research (STAR), Beltsville GRUAN and Sterling (NOAA National 
Weather Service (NWS)) test site facilities in a newly formed GRUAN Mid-Atlantic Contingent (G-
MAC). 

Discussions after the presentation raised the issue of the vertical resolution of sonde data. Currently 
the high resolution sonde data is ingested and mapped onto the model layers. Peter Thorne com-
mented that this is being dealt with in a different way within GAIA-CLIM. Another question was 
raised about comparing radiosonde daytime temperature to GPSRO data.  

5.2. WMO/GAW homogeneization of ozone records. Long-term IAGOS/MOZAIC-H2O meas-
urements in the UTH at cruise altitude (10-12 km) – Herman Smit 

Herman Smit gave a two-part presentation, firstly describing long term measurements of UT humidi-
ty at the cruise altitude of passenger aircraft under the IAGOS/MOZAIC-H2O programmes. The 
measurements started in 1994 with H2O and O3 measurements on 5 aircraft, and by 2015 has ex-
panded to include CO2, NOx, cloud and aerosol measurements on 6 aircraft each flying approximately 
500 times per year.  
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Since air is sampled at 0.8 Mach there is a significant heating and compression effect in the humidity 
measurements, and the RH at the detector is about 10 smaller than the RH of the air outside. The 
instruments are recalibrated in the Jülich chamber on a regular basis, and an issue with the post-
2000 calibration results has now been resolved. In-flight intercomparison has taken place with the 
FISH instrument on a LearJet research aircraft which showed agreement to within 5% and no signifi-
cant bias. The results have provided important information on the level of supersaturation (over ice) 
seen in the UT, and ECMWF and other met services are now using the MOZAIC distributions for satu-
ration up to 130%. These measurements were not originally considered for determining long term 
trend measurements, however this is now being worked on and the IAGOS QA/QC Evaluation, Har-
monisation and Traceability activity has been established. 

The second part of Herman’s presentation addressed ozone sonde data quality assessment, and the 
homogenisation of the long term (45-50 year) ozone sonde record. The objective of the exercise is to 
reduce the measurement uncertainty from 10-20% to 5-10%, and include documentation of the ho-
mogenisation activity together with the uncertainty of each sonde measurement and storage of the 
raw data. The reprocessing guidelines include listing the influence parameters in the measurement 
equation and removal of bias effects through corrections so that remaining uncertainties can be as-
sumed to be Gaussian. A series of papers on the QA process are being prepared, and the work will 
be discussed in detail at the ozone expert meeting that is taking place in Edinburgh in September 
2016 prior to the Quadrennial Ozone Symposium. 

5.3. The development of a temperature SASBE for Lauder – Jordis Tradowsky 

Jordis Tradowsky described her work on “A Site Atmospheric State Best Estimate for the tempera-
ture above Lauder, New Zealand”. 

Site Atmospheric State Best Estimates (SASBEs) combine all available knowledge about the state of 
the atmosphere above one site and include an estimate of the uncertainty on each datum. A SASBE 
can exploit the value of a well-equipped site, which measures the same essential climate variable 
(ECV) with different instruments. Combining these redundant measurements improves the temporal 
and vertical resolution of the time series of an ECV. 

The work on a temperature SASBE for the GRUAN site in Lauder, New Zealand was presented, which 
combines measurements from radiosondes launched weekly in Lauder, an automatic weather sta-
tion in Lauder and radiosondes launched 12-hourly in Invercargill, about 200 km southwest of 
Lauder. A regression model is used to calculate the best estimate of the temperature above Lauder, 
based on the radiosonde profile measured above Invercargill. The value added by different basis 
function is evaluated and the final regression equation is:  

𝑇𝐿𝑎𝑢 = 𝛼 + 𝛽 ⋅ 𝑇𝐼𝑛𝑣 + 𝛾 ⋅ 𝑆𝑃𝐿𝐼𝑛𝑣 + 𝜂 ⋅ 𝛥𝑆𝑃𝐼𝑛𝑣−𝐿𝑎𝑢 + 𝜁 ⋅ 𝛥𝛩𝐼𝑛𝑣−𝐿𝑎𝑢 + 𝜅 ⋅ 𝛥𝑆𝑇𝐼𝑛𝑣−𝐿𝑎𝑢 + 𝜖 

where α, β, γ, η, ζ and κ are regression coefficients, ε is the error term, TLau and TInv are the tempera-
tures above Lauder and Invercargill, SLP is the sea level pressure in Invercargill, Δ〖SP〗Inv-Lau, ΔΘInv-Lau 
and Δ〖ST〗Inv-Lau are the differences in surface pressure, surface wind direction and surface tempera-
ture between Invercargill and Lauder, respectively. Each basis function and each regression coeffi-
cient has an uncertainty and error propagation laws are used to calculate the uncertainty on TLau. 

Further improvement of the regression model is planned, where e.g. different basis functions could 
be included for different pressure levels. An interactive version of the temperature SASBE, which 
currently exists for the years 1996-2006, is available at http://sasbe.bodekerscientific.com/ (or con-
tact jordis@bodekerscientific.com). 

A number of questions were raised during discussions following the talk, which are summarised be-
low: 

Q. What is the reason for the high variances seen at the 850 hPa level? 

mailto:jordis@bodekerscientific.com
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A. There are some degeneracy issues in some of the basis functions (far from orthogonal) and the 
boundary layer gradients are much higher. 

Q. (June Wang) Can you get high resolution sonde data from Invercargill? 

A. Not for historical data, but maybe some higher resolution data now. 

Q. (Tony Reale) Where is the SASBE located? 

A. Above Lauder, but sonde data will drift from that location.  

Q. (Alessandro Fasso) Was a model selection criteria used to choose the regression fit parameters? 

A. Looked to see which parameter added information to the model and then assessed the effects on 
the fit uncertainty on a case-by-case basis. 

Q. (Belay Demoz) What is the distance between Lauder and Invercargill, and is this at the limit of this 
fitting procedure? 

A. The two sites are 200 km apart. Potentially the model could be run for larger distances but data 
for this isn’t currently available. There are cases of both good and bad agreement and more work is 
needed to understand this. 

5.4. Using ARM data to provide atmospheric state best estimates for satellite retrieval valida-
tion – Lori Borg 

Lori Borg gave a presentation on ‘Using ARM data to provide atmospheric state best estimates for 
satellite retrieval validation’. 

GRUAN is tasked with validating radiosonde data and the satellite community is tasked with validat-
ing satellite retrievals. The needs of both communities can be accomplished by working together. 
Historically, the method for validating both radiosondes and satellite retrievals has been to compare 
observed satellite radiances and radiances computed from coincident in-situ profile data. This was 
the technique that was used to validate the AIRS radiative transfer algorithm (Strow et al, JGR, 111, 
D09S06, 2006) and also identified significant day/night biases in the RS90 measurements. A similar 
effort is currently underway to validate the retrievals from the Cross-Track Infrared and Microwave 
Sounder Suite (CrIMSS), onboard the Suomi-National Polar-orbiting Partnership (S-NPP) satellite us-
ing RS92 radiosondes.  

CrIMSS is comprised of the Cross-track Infrared Sounder (CrIS) and the Advanced Technology Micro-
wave Sounder (ATMS). Given the high accuracy retrieval goals of CrIMSS (1 Kelvin accuracy for 1 km 
layers in the troposphere and moisture profiles accurate to 15 percent for 2 km layers) careful and 
detailed validation is needed. This ongoing and collaborative effort, which began in July 2012, in-
volves the Atmospheric Radiation Measurement (ARM) program, Universtiy of Wisconsin – Madison, 
and the Joint Polar Satellite System (JPSS) project. In this arrangement, radiosondes are launched 
coincident with the S-NPP satellite overpasses of the ARM sites located at Eastern North Atlantic at 
the Azores (ENA), North Slope of Alaska at Barrow (NSA), Southern Great Plains (SGP), and Tropical 
West Pacific at Manus (TWP). Combined with other ARM data, an assessment of the radiosonde data 
quality is performed and post-processing corrections are applied producing an ARM site best esti-
mate (BE) product. This validation data set is a well-characterized ensemble of temperature and wa-
ter vapour profiles, which is essential for assessment of the advanced sounder products. Compari-
sons are presented between the BE of the atmospheric state and retrievals from the Global Data 
Assimilation System (GDAS) and the NOAA Unique CrIS ATMS Processing System (NUCAPS).  

In measuring upper-tropospheric and lower-stratospheric temperatures, a lack of reference quality 
observations is a major hurdle that Global Positioning System (GPS) Radio Occultation (RO) and 
GRUAN can help resolve this. Often radiosondes are not best suited given that the measurement 
accuracy decreases and often the radiosonde itself fails to reach these heights. An evaluation of 
NUCAPS temperature retrievals within the stratosphere was made using Constellation Observing 
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System for Meteorology, Ionosphere, and Climate (COSMIC) RO dry temperature products. A limited 
number of matchup cases (within 100km and 1.5 hours) between ARM BE radiosonde, NUCAPS, and 
COSMIC profiles were found and analysed. A matchup case from NSA shows the benefit of RO and 
radiosonde data over retrievals from the IR sounder. While, NUCAPS captures the general structure 
of the atmospheric profile, it missed the coldest layer at the tropopause that both the RO and radio-
sonde were able to pick up. Analyses were also performed for comparisons between COSMIC, 
NUCAPS and ARM radiosonde temperatures (not BE temperatures) over a 3-year time period for the 
NSA, SGP, and TWP ARM sites. Bias statistics of the differences showed that RO is in good agreement 
(<0.5K) with the radiosondes over the vertical range 200-30hPa and supports the claim that RO can 
be used a validation point for hyperspectral IR sounder products. 

Comparisons were also made between COSMIC and the following 3 operational IR sounder retriev-
als: NUCAPS, NASA AIRSv6, and EUMETSAT IASIv6. From these analyses, not only is the performance 
of the IR sounders relative to COSMIC estimated, but also the performance of the retrievals relative 
to each other. To address the differences in the RO and IR sounder vertical resolving capabilities, 
averaging kernels (AKs) were calculated and applied on a case-by-case basis. IR minus RO differences 
were calculated, bias and RMS statistics were calculated over a 3-year time period on seasonal and 
zonal scales. In general, the largest biases occur in the polar zones and IASI has smaller biases then 
AIRS and NUCAPS. For all zones the AK smoothed differences are within  approximately 1K except for 
JJA in the Antarctic. RO and IR sounders on zonal scales agree within 1K and in some zones (e.g. Mid-
latitudes) this agreement is even better (within approximately 0.5K). AK smoothed temperature bi-
ases were also shown as a time series at two different pressure levels using daily mean Lowess filter. 
This comparison shows good agreement (<0.3K) between RO and IR sounders in global and tropical 
zones, but polar zones reveal larger differences and some seasonal dependencies of bias. 

The existing polar-orbiting hyperspectral sounding instruments (CrIS, AIRS, and IASI) provide infor-
mation everywhere on the globe at least twice per day, even in regions where traditional data is 
sparse. If all operational sounders are utilized, geostationary-like high temporal frequency infor-
mation is available, especially in higher latitudes, and can be used in validation of radiosonde pro-
cessing globally. GRUAN may want to consider partnering with field campaigns, such as the S-NPP 
arctic validation mission that occurred in March 2015. The goal of this campaign was to assess CrIS, 
AIRS, and IASI performance over very cold scenes. NASA’s ER-2 was outfitted with multiple instru-
ments and completed a series flights timed to under fly multiple satellites and pass over Greenland 
Summit Station where RS92 radiosondes were launched. Comparisons of temperature and water 
vapour profiles from the radiosondes and the retrievals from the satellite and aircraft instruments 
showed that the radiosondes had significant upper tropospheric bias. 

Follow up Questions & Discussion: 

1.Q. Any possibility GRUAN sites could change radiosonde launch times periodically to launch coinci-
dent with satellite overpasses?  

A. No, most sites would incur costs. Sites are contracted to target standard launch times for weather 
prediction and would need to launch additional radiosondes to target a satellite overpass. 

2. Interest was shown in specifics on how COSMIC RO matchups were generated.  

Feltz, M. L., R. O. Knuteson, H. E. Revercomb, and D. C. Tobin (2014), A methodology for the valida-
tion of temperature profiles from hyperspectral infrared sounders using GPS radio occultation: Expe-
rience with AIRS and COSMIC, J. Geophys. Res. Atmos., 119, 1680–1691, doi:10.1002/2013JD020853.  

3. It was suggested that the standard ARM radiosonde temperature and water vapour products be 
used to estimate the short-term temporal variability in addition to the best estimates. Excellent sug-
gestion and these comparisons will be made in the future. 
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5.5. Reconfiguration of the ARM SGP Site – the concerns of windmills and fracking – Doug Sis-
terson 

Doug Sisterson gave a talk describing the ‘Reconfiguration of the ARM SGP Site – The Concerns of 
Windmills and Fracking’ 

The ARM Climate Research Facility is an US Department of Energy National Scientific User Facility 
designed to improve the understanding and representation, in climate and earth system models, of 
clouds and aerosols as well as their interactions and coupling with the Earth’s surface. An overview 
of the ARM permanent fixed sites (SGP – Oklahoma, NSA – Barrow, and ENA – the Azores) and the 
ARM mobile deployment locations was provided. The newest ARM fixed site is located on the up-
wind side of Graciosa Island in the Azores. The three mobile facilities have the same core instru-
ments as the fixed sites and are deployed at locations around the world determined by competitive 
scientific proposals for periods of 1-2 years. 

The Southern Great Plains (SGP) Site is the largest of the ARM sites. Although the satellite sites at 
the SGP have been relocated and reconfigured over the past two decades, the Central Facility has 
not changed. However, a large windmill farm (144 GE 1.68 MW wind turbines) that currently comes 
within several kilometres upwind of the SGP Central Facility will be expanding. These turbines cause 
considerable impact to SGP radar operations, as well as potential impact to boundary layer turbu-
lence measurements. In addition, oil exploration by hydraulic fracking has come very close the Cen-
tral Facility, but steps have been taken to limit exploration and protect the instruments. However, 
there has been a measureable increase to background diesel emissions aerosol measurements at the 
Central Facility. In addition, small earthquake frequency has gone from less than 200 per year with 
magnitudes less than 2, to more than 250 per month with increasing magnitudes of 3-5 on the Rich-
ter Scale. This has the potential to affect the physical structures and the vertical alignment of meas-
urements at all SGP measurement sites and is a growing concern. 

 

  

The satellite sites are used to combine instruments that scan over the Central Facility to provide a 4D 
“data cube” that will combine ARM observations and high-resolution model output to provide a 
highly detailed description of the atmosphere in the vicinity (40 x 40 km2 area from the surface to 
the tropopause) of the SGP megasite. Large Eddy Simulation (LES) modelling effort is described by 
ARM Symbiotic Simulation and Observation (LASSO) that can be found at www.ARM.gov. LASSO will 
add value to ARM observations by using LES modelling to provide context and a self-consistent rep-
resentation of the atmosphere that connects processes and facilitates improved understanding. 
LASSO will also produce a library of simulations to support the statistical study of atmospheric pro-
cesses and support the improvement of the parameterizations of these processes in climate models. 
LASSO also serves as a proxy for the atmosphere to develop remote sensing retrievals. 
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In discussion after the presentation it was confirmed that the data from the mobile ARM sites was 
available in the same form as for the fixed sites, and the nearby wind farms were a significant prob-
lem for shallow convection studies. In addition, it was confirmed that the resolution of the LASSO 
model could be matched to many of the popular larger area model (e.g. WRF) scales. 

5.6. Observing System Experiments in support of GRUAN – Betsy Weatherhead 

Betsy Weatherhead described the development of tools to support the design of the climate observ-
ing system of the future, and how best to allocate limited resources by trying to assess which climate 
questions are observationally limited and the economic value of observation information. Climate 
observations are limited by the ‘fuzzy lens’ of natural variability and observing system uncertainty, 
but are still needed to enable societal change and reduce the economic impacts of climate change. 
One aim of this work is to shift the view of climate observation funding from being scientific invest-
ment to economic planning, however it should be recognised that one outcome will be that there 
will be both winners and losers in such research prioritisation. 

The first part of this work has included an evaluation of current observing capabilities across all cur-
rant (and planned future) platforms. A series of Climate Observation Simulation System Experiments 
have then been carried out to evaluate the impact of proposed observing systems in terms of what, 
when, how frequently and how accurately we measure. One example was the spatial correlation of 
monthly averages to assess the effective spatial coverage of measurements from specific sites. An-
other involved data denial experiments to assess the number of measurements required to detect 
long term trends.  

The overall objective for the work is to provide an analytical approach to designing future observing 
systems that gives an objective assessment of both the scientific quality and economic value of the 
measurements.  
It was noted in discussion that this work was similar to previous studies but these had not addressed 
the economic aspects, and it was stressed that this type of independent analysis is important to en-
sure the impacts of observations are not over-promised. In addition, there was a need to identify 
specific climate science questions that could be assessed through this process. 

5.7. Results on the comparison of GRUAN sondes, LBLRTM and IASI – Xavier Calbet 

Xavier Calbet gave the final presentation of the session on the comparison of radiances from IASI 
and those calculated from GRUAN RS92 sonde data and radiative transfer model results.  

It was explored whether IASI radiances and GRUAN RS92 sondes are consistent. For this, radiances 
are calculated from the GRUAN temperature and water vapour sonde profiles using a radiative 
transfer model, LBLRTM. It is important that all three systems (IASI, LBLRTM and GRUAN) are con-
sistent because they are taken as reference measurements in their different fields (infrared satellite 
measurements, radiative transfer and sonde measurements). It has been shown that they are con-
sistent within their uncertainties for nighttime sondes. There is still a small remaining bias between 
daytime GRUAN sondes and IASI radiances. Since all levels for temperature and water vapour from 
the GRUAN sondes are used together in this exercise, it has been noted that it is mandatory to have 
the full uncertainty matrix of the GRUAN measurements and not only the separate individual uncer-
tainties of each parameter at each level as it stands now. Another important conclusion from this 
work is that water vapour has a significant variability in the atmosphere, such that it seems manda-
tory to have at least two consecutive radiosonde measurements to calibrate or validate IASI retriev-
als with a negligible collocation uncertainty. 

In the discussion following the talk the importance of correlated uncertainties in the sonde data was 
stressed, and it was agreed that this should be considered as part of the V3 sonde analysis discus-
sions.  
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6. Progress review on instrument Technical Documents and associated data products 

6.1. The importance of Technical Documents in GRUAN – Ruud Dirksen 

In "The importance of technical documents in GRUAN", Ruud Dirksen talked about the importance of 
documentation in GRUAN. Documentation is one of GRUAN's foundations as it is essential for trace-
ability, and as such defines the "R" (reference aspect) within GRUAN. In essence, it establishes the 
link between GRUAN's philosophy and its practical implementation. Proper documentation ensures 
that the network can survive and carry on in the future. It was stressed that without documentation 
the reference aspect of GRUAN loses its credibility. The main purpose of documentation is the trans-
fer of knowledge, for example for defining procedures and best practices for new and existing sites, 
which is essential to warrant the quality of the measurement data. Other examples for which the 
application of documentation is essential within GRUAN include: (i) the description of (meta)data, 
and (ii) the description of data processing and correction algorithms. Ruud Dirksen addressed the 
fact that writing documentation is generally considered a burden because of it being time-
consuming, not very exciting, and producing no tangible scientific result. With regard to the latter it 
was pointed out that a technical document or note which covers an important topic can become a 
scientific publication. Furthermore, technical documentation is essential to keep the network alive, 
and it should be regarded as a contribution to making the network, to which we all are committed, 
successful. The presentation was concluded with a brief overview of existing documentation within 
GRUAN, i.e. GCOS reports, technical documents (reviewed within GRUAN) and technical notes and 
where these can be found on the GRUAN website. 

6.2. The overarching Radiosonde Technical Document – Christoph von Rohden  

Christoph von Rohden gave a proposal for a summarizing GRUAN technical document for radio-
sondes. The main aspects to be handled in the document are:  

 The available knowledge about radiosondes on a general level of details applicable to devic-
es of diverse manufacturers;  

 Useful as compendium and work of reference;  

 Comprehensive insight, rules and guidelines for objectives, practice, procedures, data evalu-
ation and management, development with regard to radiosounding; and  

 Basis for subsequent documents (Appendices) with more detailed aspects on specific radio-
sonde types.  

The document will contain comprehensive information on the background on atmospheric sounding 
using radiosondes, general implementation and performance of radiosondes, sensors, ground sta-
tion systems, and software. The document will give descriptions and instructions in practice (calibra-
tion, ground checks, sounding setups, sounding, comparisons, scheduling), and provide information 
on data formats and management from raw data to data products. A strong focus will be on the 
identification and the handling of error sources and uncertainties as a key component of the GRUAN 
strategy to assure reference quality of the data. The overarching character should be maintained 
throughout the document covering all aspects of radiosounding. The document structure should es-
sentially follow the Guidelines on the Structure of Instrument Specific Technical Documents for 
GRUAN (GRUAN-TN-2), with possible deviations considering the particular overarching character of 
the document which have to be discussed. A draft of a directory structure was presented. The doc-
ument should not only give a stringent description of all radiosonde aspects but also illustrate and 
discuss deficiencies, disclose problems with instruments, define open questions, provide examples 
where appropriate, and incorporate specific user experiences. The links to subsequent documents 
(Appendices) with more detailed aspects on specific radiosonde types have to be defined. 

6.3. The Meisei Radiosonde Appendix – Masatomo Fujiwara 

Masatomo Fujiwara presented the current status of the technical document on the Meisei RS-11G 
and iMS-100 radiosondes. Tateno changed the operational radiosonde from Vaisala RS92 to RS-11G 
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in July 2013. Since then, RS92 - RS-11G comparison flights have been made on a regular basis. The 
iMS-100 radiosonde has the same thermistor and RH sensor as RS-11G, with a much smaller total 
mass of 38 grams including the battery. Based on the GRUAN’s guide and philosophy, the technical 
document includes all the detailed information of the RS-11G and iMS-100 measurements (i.e., 
ground check procedures, calculation and correction equations, uncertainty budget, traceability 
chain, comparisons for the verification, etc.) and the information on the GRUAN data products from 
these radiosondes. The current draft has 72 pages of text, 10 tables, and 64 figures, with 9 appen-
dices with their own figures/tables. The document will be used to prepare a journal paper and the 
GRUAN radiosonde technical document appendix. Various combinations of comparison flights 
(among RS-11G, iMS-100, MTR, RS92, CFH, etc.) are still being made at Tateno and other sites, and 
the results will be included in the document and/or published separately. 

6.4. The Meteolabor Radiosonde Appendix – Rolf Philipona 

Rolf Philipona presented the current activities related to the Meteolabor radiosondes. MeteoSwiss is 
presently using the Meteolabor SRS-C34 radiosonde for operational soundings. For the SRS-C34 ra-
diosonde a GRUAN product has been developed in collaboration with the GRUAN Lead Centre and it 
was finalized in September 2014. Since then the twice-daily operational SRS-C34 measurements 
from Payerne are submitted to the Lead Centre by using the GRUAN RsLaunchClient. Meteolabor is 
presently developing a new radiosonde, the SRS-C50, which will be in operation at Payerne by the 
end of 2016. The goal is to have Payerne GRUAN-certified for the Meteolabor SRS-C50 radiosonde 
soon after. Payerne has been GRUAN-certified for its Vaisala RS92 radiosonde in February 2015. This 
is because besides the twice daily operational soundings at Payerne double-soundings are made 
weekly between the SRS-C34 and the RS92. Since early 2015 weekly intercomparison soundings are 
made between the operational SRS-C34 and the Vaisala RS92 and RS41. 

6.5. The RS92 Radiosonde Appendix – Ruud Dirksen 

In the presentation "The RS92 radiosonde Appendix" Ruud Dirksen discussed the RS92-specific as-
pects that are not covered by the overarching Radiosonde document. As correction algorithms and 
uncertainty estimates for the RS92 GRUAN data product are covered by the Dirksen et al. AMT2014 
paper, the RS92 appendix will focus on hardware and software specific issues not covered by the 
paper.  

Several hardware features are specific to the RS92. For example, it is equipped with 2 capacitive 
humidity sensors, that are alternately heated, and that it employs a capacitive temperature sensor. 

Various subtypes of the RS92 are available, such as being equipped with or without a pressure-
sensor, or using different technologies for retrieving wind and position information, such as GPS or 
Loran. 

Since its introduction several changes have been made to the RS92 radiosonde, which are docu-
mented on the Vaisala RS92 data continuity site. Ruud highlighted the most important changes, 
which involved the coating of the sensor boom and a reinforcement of the temperature sensor. 

These changes could affect the data record if not properly accounted for in the data processing 

Software specifics aspects involve: 

 DigiCora MW31 & MW41 

 File format raw data (dc3db & mwx) 

 Configuration of the DigiCora software 

 Meta data 

 Software versions (radiation correction, time lag correction) 

Special attention will be paid to operational procedures that are to be followed when preparing the 
RS92. These involve decontamination and recalibration of the sensors during ground check, recali-
bration or exchange of the PT100 T-reference sensor, and regular replacement of the desiccant. 



20 
 

6.6. The Modem Radiosonde Appendix – Martial Haeffelin 

Gaelle Clain (MODEM) presented the progress and plan of the Modem sonde data product on behalf 
of Martial Haeffelin (IPSL). The M10 radiosonde has a thermistor and a capacitive relative humidity 
sensor. Both sensors undergo physical phenomena and uncertainties that need to be evaluated for 
the GRUAN certification. Five campaigns of laboratory measurements (Lindenberg 2013), and com-
parison flights (Payerne 2013 and 2014, Malicca 2015 and Morgane 2015) have been performed. The 
next comparison campaign will take place this fall at the SIRTA observatory. Four corrections are ap-
plied to the relative humidity measurements to account for the following effects: (1) the capacitive 
sensor frequency dependence to temperature; (2) the temperature difference between the capaci-
tive sensor and the air temperature that leads to over- or underestimation of relative humidity; (3) 
the measurement time lag at cold temperatures that affects measurements in regions of strong rela-
tive humidity gradients; and (4) the slow response of the sensor due to the diffusion of the mole-
cules into the capacitor, which is particularly important at very high and very low relative humidities. 
The corrections have been tested on an independent dataset (DEMEVAP Campaign held at OHP ob-
servatory in 2011). This study showed that M10 relative humidity measurements corrected for the 
above four effects are consistent with RS92 relative humidity values within 2% at all altitudes. Also, 
night-time observations at Trappes (France) have been compared with the Raman lidar water vapor 
measurements at the SIRTA observatory (15 km from Trappes). No significant bias was found in the 
region where the lidar optical overlap is incomplete (0-2 km). Water vapor mixing ratio can be re-
trieved from the lidar up to about 9 km altitude, where the WVMR values are about 0.1g/kg. The 
maximum altitude of the lidar profile depends on the temporal and vertical smoothing applied. Day-
time measurements will be performed in the future. On the other hand, the temperature correction 
applied to the M10 measurements is a linear function of altitude and takes into account the solar 
irradiance. The final difference with RS92 after the correction is less than +/- 0.5K up to 20 km.  

The GRUAN M10 ground check procedure is in two steps, for 10 minutes per radiosonde in total, 
that is, 5 minutes in a ventilated hut in ambient conditions together with calibrated T and RH sen-
sors, and another 5 minutes in a saturated environment (SPRH100). Each radiosonde goes through 
the GRUAN ground check and is then loaded in the RobotSonde carousel. The RobotSonde records 
the ground check data and the metadata. After the preparation phase, the two data files created are 
sent to a Meteo-France server. Apart from the ground check procedure, the protocol is the same as 
the standard M10 RobotSonde sounding. After the sounding, the raw data is sent to a Meteo-France 
server. Meteo-France is in charge of sending the ground check data, metadata, and raw files to the 
IPSL. A specific GRUAN python code converts the data to the GRUAN M10 data product. The 
metadata and the GRUAN M10 data product files are then sent to the GRUAN LC data archive 
through the RsLaunchClient.  

The technical document of the M10 will cover a description of sensor, correction and uncertainties 
for both the temperature and relative humidity sensors. The python code for M10 processing will 
also be documented. A paper by Badosa et al. (M10 relative humidity measurements: description, 
corrections and uncertainties) is still in preparation. The RobotSonde has been in operation at 
Trappes station since November 2015. The planned activities for this year (2016) are: to finalize the 
procedures for data processing and transfer through RsLaunchClient; to prepare for the GRUAN cer-
tification; and in particular, to finalize the uncertainties estimates. In 2017, the planned activities 
are: daily Meteo-France RobotSonde M10 radiosonde launches at Trappes with the GRUAN proce-
dure; to go through the GRUAN certification; and to implement the GRUAN procedures at Reunion 
Island based on the weekly M10 radiosonde by the university. The RobotSonde will be deployed at 
La Réunion in 2017.  

During the discussion, there were three questions. (1) How do you explain the lower stratospheric 
RH sensor heating during night-time? Answer: The inside of the radiosonde box is warmer than the 
ambient air; this may have caused heat conduction along the sensor boom. (2) Is the ground check 
procedure automated or manual? Answer: It is manual, and a dedicated software provides the guid-
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ance to the operator regarding the different steps and waiting phases. The recording of the data is 
automated. (3) Is the RobotSonde able to fulfil the 10hPa GRUAN requirement? Answer was yes.  

6.7. The Chinese Radiosonde Appendix - Yang RongKang 

Yang RongKang (CMA) made a presentation on “Progress of Chinese new type radiosonde.” He in-
troduced upgrades of the sensors for their GNSS (BeiDou +GPS Mixing) radiosonde and L Band Radi-
osonde (receiver is Radar), including new temperature sensor installation structure to minimize the 
fluctuation of measurement, humidity sensor change to E+E type, GPS module change to BeiDou 
+GPS module, optional pressure sensor capability, and measuring pressures below 100hPa. Accord-
ing to 40-flight comparison results between RS92 and the Chinese new type GNSS radiosonde, the 
new type radiosonde appears to have the same reproducibility level as RS92, except for humidity, 
especially. The BeiDou navigation module could meet the requirement of weather and climate ob-
servation. Also, he introduced the progress on the error analysis and correction of the new tempera-
ture and humidity sensors. However, his team currently has several problems, including:  

1) the Ground Check error is not corrected;  

2) temperature radiation error is not quantified exactly;  

3) temperature sensor evaporative cooling error is not corrected;  

4) A humidity time-lag test facility is not available  

5) humidity dry-bias correct algorithm should be improved; and  

6) wind algorithm should be assessed.  

For now, CMA would use new type L-band radiosonde as conventional system in one or two years. 
And, it’s a good time for doing something about radiosonde measurement error correction and un-
certainty analysis, and for preparing for Chinese Radiosonde Technical Document.  

In the discussion afterwards Greg Bodeker and Peter Thorne both advised that Yang’s team should 
do this work with help of LC. Roger Atkinson suggested that GRUAN work is beneficial to both cli-
mate and weather monitoring, researching and forecasting, and pointed out that the Chinese upper-
air observation network is huge and very important for China and WIGOS; and Yang’s teams’ work 
should push the GRUAN technology in improving Chinese upper-air observation network capability. 
Also, Ruud Dirksen, Junhong Wang and Yang have made discussions on follow-up works to identify 
the specific embodiment of radiosonde comparison for the next several months.  

6.8. Lidar Technical Document – Thierry Leblanc 

Thierry Leblanc presented the GRUAN Lidar technical document and data stream progress status. 
First, he overviewed the past achievements, i.e., the first draft of the GRUAN Lidar Guide during 
2012-2013, definition and design of the LidarRunClient (to collect raw and meta data) during 2013-
2014, and the development of the centralized data processing during 2014-2015. Then, he discussed 
the details of the planned GRUAN Lidar technical document, which uses the contents of the GRUAN 
Lidar Guide manuscript but follows the GRUAN Technical Note #2 (TN2; Guidelines on the Structure 
of Instrument Specific Technical Documents for GRUAN). He discussed the necessity of some modifi-
cations to the TN2 structure, but mostly it should be straightforward to write the TD based on the 
existing manuscript. One issue is that there are actually several “lidar measurements” (e.g., water 
vapour (Raman), temperature (backscatter and rotational Raman), ozone (DIAL), and aerosol) with 
very different technical details. Currently, it is planned that they are situated in separate appendices. 
There was a suggestion to prepare more than one Lidar TD (separated by different lidar techniques 
or by species/variables) to avoid a too big single TD. It was also pointed out that commercial DIAL 
and wind lidars are missing in the plan. 

6.9. Microwave Radiometer Technical Document – Fabio Madonna 

Fabio Madonna reported that a first draft of the GRUAN MWR guide has been delivered on 15 April 
2016. This is written following the guidelines contained in the GRUAN Guide (GCOS-171). GRUAN 
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MWR Program Guide TD-N.1.0 addresses all the expected sections but it’s only a first draft by no 
means complete. Activities carrying on within the EU COST ACTION TOPROF and in the frame of the 
EU H2020 project are currently supporting the development of the GRUAN MWR guide and will es-
tablish the basis for the development of a GRUAN MWR product. The EU COST Action (ES1303) 
TOPROF (Towards operational ground based profiling with ceilometers, doppler lidars and micro-
wave radiometers for improving weather forecasts) is working on the review of best practices for 
MWR operations, establishment of protocols for calibration and maintenance, and on calibration 
characterization, repeatability, stability, and uncertainty. Two Joint Calibration Experiments (J-CAL 
and J-CAL2) have been performed to assess calibration best practices. Within GAIA-CLIM (Gap Analy-
sis for Integrated Atmospheric ECV CLImate Monitoring) EU Horizon 2020 Project, Task 2.1.2 is de-
voted to “Temperature and H2O profiles measured by microwave radiometers”. This provides a con-
tribution to MWR Guide through a gaps assessment for the MWR technique and the establishment 
of traceability chain for the MWR radiometer data processing. Figure 1 shows a draft of the MWR 
measurement model diagram. Main gaps already identified are:  

 Missing MW standards maintained by Metrological Institute: NIST is working on it but they 
count to deliver a standard within a few years.  

 Missing the uncertainty associated with MW absorption models used in MWR retrievals: 
GAIA-CLIM project will provide useful information to fill in this gap.  

 Lack of unified tools for automated MWR data quality control.  

 Missing agreement on calibration best practices and instrument error characterization.  

 Lack of a common effort in homogenization of retrieval methods.  

The last three gaps are currently under investigation within TOPROF.  

The traceability diagram shows what is missing for full SI-traceability. Three main steps need to be 
pursued:  

 MW standards maintained by International Measurement Institute (e.g. calibration targets): 
NIST is working on this development; 

 Certified internal temperature sensors, manufacturers should provide certifications; 

 Assessment of radiative transfer model uncertainties: GAIA-CLIM is working on this part.  

During the discussion, there was a consensus to avoid having the MWR TD as a living document but 
it is better to think about further version as soon as new development can be reported. An agree-
ment was also found on the establishment in the short-medium term of a GRUAN MWR product: 
though there are still gaps to fill in the MWR traceability chain (see above), a GRUAN product could 
be developed using approximations or estimates of those contribution to the total uncertainty 
budget that cannot be assessed at current state of the art. Future improvement will be incorporated 
over the time. 
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Figure 1. A visual sketch of the processing steps leading to a product and its traceability chain for the micro-
wave radiometer measurements. 

6.10. GNSS-PW Technical Document – June Wang 

June Wang gave a progress review on GNSS-PW Technical Document. The TD is about 75% finished. 
In current version, the table of contents strictly follows the format given in the GRUAN-TN-2. The 
talk gave a brief overview of main instruments used at a ground-based GNSS site and how the PW is 
derived from the GNSS measurements. A few highlights from the TD are given in the presentation, 
such as the instrument and maintenance cost for a ground-based GNSS site, the requirements of the 
GNSS instrument co-location, and how the GNSS PW measurement uncertainty is estimated. The 
plan is to work with the TT members, GFZ and LC to finish the TD by December 30, 2016. We need to 
keep it in mind that the TD will provide the GRUAN standards and requirements, rather than what 
the sites and processing centre (GFZ) can provide. We also need to review the outline of TD from 
GRUAN-TN-2 to decide whether we should change the structure to better fit the GNSS-PW meas-
urements.  

One important aspect that was added by Kalev Rannat after the day of presentation is as follows. For 
all instruments/sites in GRUAN (not only GNSS), it is essential to write clear requirements on SOPs 
(Standard Operating Procedures) in "omnibuses", and the Working Group needs to create a mecha-
nism to monitor how these rules are followed in reality. It is the only way to guarantee HQ data flow 
from the network. It should be something to follow for site certification/evaluation also. Instrumen-
tation, even while 100% automated, cannot be expected to be 100% functional without following 
strict rules of maintenance (best practices of SOPs written into the omnibuses).  

6.11. Ozonesonde Technical Document – Jacquie Witte 

Jacquie Witte presented a summary of the key issues in the Ozonesonde Technical Document. The 
status of the Document is a complete first draft. As of this summary the Document is undergoing 
edits prior to the next stage: peer review. The objectives of the guidelines in the Document is to (i) 
improve/maintain data quality assurance and control through ‘best practices’, (ii) establish homoge-



24 
 

neity across the GRUAN network, and (iii) provide metadata records that capture all ECC sensor 
characteristics. Outstanding issues concerning the uncertainty ozone equation recommended in the 
WMO/GAW Report #201 include consensus on a final background current and updating the look-up 
table of the pump correction factors based on manufacturer, model, and solution type. Further top-
ics to investigate include (i) SOPs for refurbished sondes, (ii) an appropriate uncertainty equation for 
the Japanese KC ozonesondes and transfer functions between the KC and ECC, (iii) having the Radio-
sonde Working Group bear the responsibility of determining the radiosonde corrections, pressure 
biases/offsets, and transfer functions between the Vaisala models, i.e. RS80/RS90, and among the 
different radiosonde types, and (iv) testing the transfer functions themselves between the SPC and 
ENSCI and the solution types for robustness and statistical significance. 

6.12. FTIR Technical Document – Jim Hannigan 

James Hannigan (NCAR) presented the current state of the FTIR Technical Document development 
that is under way which follows the outline defined in the document GRUAN-TN-2. The talk briefly 
reviewed input from the FTIR community to previous ICM meetings. We discussed by chapter over-
arching issues with Instrumentation, Retrievals, Measurement scheduling, Data management, Refer-
ence measurement, and redundancy. These were not exhaustive. What instrumentation, communi-
cation and initial costs are for an autonomous NDACC type FTS station were illustrated. Issues per-
taining to commercial instrumentation and access to raw data streams and initial raw data pro-
cessing were discussed. The question of defining the ultimate data products was discussed with re-
spect to profile or total column data and how this defines the basic instrumentation and scheduling. 
Subsequently, since priority 1, 2 & 3 chemical profile vertical resolution was unattainable by the 
technique should only total column data be targeted? QA/QC criteria was discussed for spectral and 
radiometric response of the instrument. Data analysis for columns and profiles as well as OE (opti-
mal estimation) uncertainty estimates are mature and applicable to central processing. Data man-
agement including a delineation of the actions at the station level to the central processing facility 
was described.  

6.13. Long-term trends and systematic biases (errors) in GNSS data - Fadwa Alshawaf 

Fadwa Alshawaf presented the analysis results of long-term temporal variations in atmospheric wa-
ter vapour time series using the collected GRUAN (GNSS) and non GRUAN data for climate research. 
They analyzed time series of water vapour, temperature, precipitation and snow cover, focusing on 
Central Europe. In addition to GNSS PWV data, they also used meteorological and radiosonde meas-
urements, and reanalysis or NWP models. The comparison of PWV time series from GNSS, ERA-
Interim, and radiosonde data showed mean differences close to zero and standard deviations below 
1 mm. The ERA-Interim data are, however, limited in mountainous regions due to its coarse spatial 
resolution. To analyze the trends, they used a model that was originally developed by econometri-
cians, which subdivides the time series into a long-term trend component, a seasonal and a cyclic 
component, and an irregular stochastic component. The latter two components have to be removed 
to analyze the trend. Time series of the three data sets showed similar increasing trends in PWV that 
correlated with increasing temperature trends at three different sites. The analysis of a particular 
GNSS site on top of the mountain Zugspitze at about 3000 m AMSL showed a slight increase in the 
PWV, while more important for this site was the increase in temperature and the decrease in snow 
cover at a rate of 7.1 cm/decade. The increase in temperature might have resulted in a rapid snow 
melting or more precipitation in the form of rain. For climate research it is important to look not only 
at the mean values but also the minimum and maximum values (daily or monthly). Fadwa and her 
colleagues are working on extending the analysis to a regional scale rather than considering individ-
ual sites.  

During the discussion time, the following two points became clear: they considered snow only, not 
glacier; and a paper on the analysis results was submitted to ACP. Also, there was one comment that 
the three datasets seem to show larger differences around the start and the end of the analysis pe-
riod, which might be related to the way of selection and removal of the seasonal cycle.  
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7. RS92 change management 

7.1. Change Management plan for RS92 to non-RS92 radiosondes – Ruud Dirksen 

The Tuesday afternoon session started with Ruud Dirksen talking on the ‘Change Management plan 
for the RS92 to non-RS92 radiosondes’ and pointing out the importance of change management as 
one of the major challenges of GRUAN. He emphasized that for proper change management it was 
important to determine all relevant differences between the new and old system, including e.g. bi-
ases, uncertainties, calibration and measurement errors. As possible approaches to determine bias 
and uncertainties, he proposed e.g. in-situ intercomparison using twin sonde launches, together 
with experiments under laboratory conditions. 

Considering in-situ intercomparisons, he remarked that twin soundings needed two receiving sys-
tems – an effort which is not affordable by all sites; therefore, we should make use of GRUAN as a 
network to share the burden. 

Generally, he proposed to have twin soundings at selected sites representative for different climate 
regions, e.g. polar, mid-latitude, sub-tropical, and tropical. For the transition phase, the proposal by 
the LC is to have weekly twin soundings for an extended period of 1 to 2 years to cover e.g. seasonal 
changes, daytime and nighttime differences.  

He also mentioned that almost all GRUAN sites that currently employ the RS92 as operational radio-
sonde have decided to switch to the RS41 of their own volition, with no interference from neither 
the LC nor the WG in the sites’ decision making process. 

As potential tropical GRUAN sites, Ruud Dirksen named Darwin and Reunion Island, as well as the 
non GRUAN sites Paramaribo which has a partnership with Cabauw/KNMI, Hilo (Hawaii), and Gala-
pagos. He further mentioned that as a spin-off of the European StratoClim project, the Nainital site 
in India may potentially be included for a comparison campaign. 

Concerning the necessity of 2 MW41 systems for RS92-RS41 twin soundings, Ruud Dirksen hints to 
the option that the LC could provide 1 MW41 system on loan for 1 year, including radiosondes. Also 
Vaisala may provide a ground system on loan. He remembered that when introducing the RS41, the 
sites need to have the MW41 software ‘GRUAN version 2.2’. Ruud Dirksen added that comparisons 
with other instruments such as lidar, satellites, MWR, GNSS, FTIR should be included in the transition 
phase planning. In this context he noted the need for an adapted data policy for a scientific database 
containing NetCDF data, ancillary data and meta data. 

Regarding the scientific analysis Ruud Dirksen named the LC and TT radiosondes for the analysis of 
the twin soundings, Alessandro Fasso for the statistical analysis, Tony Reale for the NPROVS, the LC 
for laboratory experiments, as well as the LC for the development of the GRUAN data product. 

As of technical aspects of the RS41, Ruud Dirksen showed enlarged pictures of the RS41 sensors. He 
explained that the temperature sensor is a Platinum (Pt) resistor, built-in as an integral part of the 
structure, while the relative humidity sensor is 1 single heated sensor. He presented results from 
radiation experiments at the LC showing that the RS41 seems to have a better response (smaller 
temperature error) under low pressure than the RS92. 

7.2. Discussion of Change Management plan for RS92 to non-RS92 radiosondes – Greg Bodeker 
and Peter Thorne 

The discussion of Ruud Dirksen’s presentation merged directly with the Discussion on the Transition 
from RS92 to RS41 which was based on the current plan of several sites to have RS92-RS41 twin 
launches for an extended time period.  

It was brought up that multi-payload flights in different configuration could impact the intercompar-
ison, and it was considered that the LC should give a recommendation on payload configuration to 
the sites. Using the RsLaunchClient to submit sounding data to the LC, the rig configuration is docu-
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mented in the metadata. It was decided that for now the sites continue their current set-up, and will 
be directed by the LC if changes are appropriate. 

First twin sonde launch data from various sites are already in the GRUAN database. It was suggested 
that the twin sonde data subset will be provided in a dedicated easy to access database. Michael 
Sommer (LC) was asked to extract the existing twin sonde data and feed them into an according twin 
sonde database. This twin sonde database would be made available to the broader community to 
achieve maximum benefit.  

Once the already available twin sonde data are made available, Alessandro Fasso offered to provide 
a first estimate of the bias and uncertainty as soon as possible; he proposed to re-evaluate the twin 
sonde procedure after the first year. Greg Bodeker pronounced the network character of GRUAN: 
from the twin soundings, different types of issues will arise for the different sites. Then the single 
stations should be encouraged to have additional soundings to look into details.  

As the sonde launch scheduling was discussed, worries were expressed that some sites might pref-
erably launch under clear sky conditions. It was clarified that as many different environmental condi-
tions as possible were desired. Doug Sisterson explained that daytime and night-time, as well as 
clear sky and cloudy conditions will be met as long as a sufficiently long overlap period is chosen. 

Concerning the number of twin sondes, James Fitzgibbon remarked that the Sterling site plans to 
have 50 twin launches coordinated with NPROVS. Hannu Jauhiainen offered to provide the compari-
son flights performed by Vaisala to contribute to the intercomparison studies. Additional non-
GRUAN twin sonde flights will also be done in the UK and Antarctica, and will be provided by Stuart 
Goldstraw. 

As another important issue, the use of ancillary measurements as independent data for the compari-
son were discussed. Currently, no ancillary measurement GRUAN data products are available. Never-
theless, single sites perform various ancillary measurements (e.g. lidar, MWR, FTIR etc.) that can be 
used as independent measurement. These data will not be stored in the GRUAN database, but pro-
vided as non-GRUAN data. It was pronounced that there should be a centralized approach (coordi-
nated by LC), rather than a single approach for every station.  

The possibility of a passive approach to the transition was outlined, with every site basically organiz-
ing its own transition, but with potentially no added value for the broader community. Preference 
was given to the active approach to the transition, with the GRUAN network actively designing the 
coordinated transition for a higher probability to achieve the desired outcome. It was stated that 
GRUAN has to be an example to GUAN. Peter Thorne underlined to act as a network, not as a feder-
ation of sites. 

The idea to publish the detailed transition plans of GRUAN was brought up by Peter Thorne. Roger 
Atkinson offered to bring it into the GCOS-medium IOM already one week after this discussion. Pref-
erence was given to publication as a review article. 

During the discussion, a presentation was given by Rolf Philipona on ‘GRUAN multi-sounding and 
research soundings at Payerne’, with the idea to point out first insights to the potential differences 
between RS92 and RS41 that should be considered in the planning of the transition phase. 

Rolf Philipona explained that the Meteolabor SRS-C34 radiosonde is in operation at Payerne since 
January 2011, with measurements taken at 0Z and 12Z. GRUAN dual flight soundings between the 
SRS-C34 and the RS92 have been made since 2012, and data submission of the SRS-C34 GRUAN 
product using RsLaunchClient started on 1 September 2014. Rolf Philipona mentioned that since 
January 2015 the SRS-C34 radiosonde is launched in parallel with the Vaisala RS92-SGP and the 
Vaisala RS41 every week, alternating one flight during the night and one flight during the day. He 
explained that data submission to GRUAN is made with the RsLaunchClient for all the three radio-
sondes, and that during one night flight per month a Meteolabor SnowWhite / Cobald sensor is add-
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ed to the GRUAN launch. He further stated that the comparisons between the Meteolabor SRS-C34 
and the Vaisala RS92 have been more or less stable over the last three years showing a similar dif-
ference pattern as already observed during the WMO international radiosonde intercomparison in 
China in 2010. Rolf Philipona then pointed out that the comparison during 2015 between the Vaisala 
RS92 and RS41 radiosondes shows good agreement during the night, and that during the day the 
agreement is within 0.1K up to 25 km but larger above with the RS92 warmer by about 0.4K at 
around 32 km. 

In response to this presentation, Ruud Dirksen showed a plot with first comparisons of RS92 and 
RS41 for several stations, confirming the above findings. Peter Thorne underlined that the transition 
should not be designed around temperature, since humidity was probably more important. 

7.3. Discussion of the need for synthesis of results from RS92 change management, communi-
cation to GUAN and other interested parties, and how to achieve that – Greg Bodeker 
(Discussion Lead) 

After the coffee-break, Greg Bodeker continued the Discussion on RS92 change management with a 
brief summary of the prior discussion, adding that a desired outcome of the designed transition 
phase might be that GRUAN provides an algorithm allowing the transformation of RS92 to RS41 data 
and make station data sets homogeneous. The approach appeared too sophisticated to Roger Atkin-
son, who pronounced that it would be more important to publish the results. Peter Thorne added 
that it would be necessary to provide the information to the NWP. Jordis Tradowsky expressed that 
she was already working on an RS92-RS41 homogenization algorithm which might be a useful tool 
for all stations.  

The discussion came back to the importance of including ancillary measurements, and the needed 
strategy across the network. It was brought up that NPROVS has the potential to play a major role as 
ancillary measurement for all sites. It was proposed to schedule twin sonde launches according to 
NPROVS overflight data, and Tony Reale was asked to provide the so-called ‘golden times’ to the 
sites. 

The overall outcome of the discussion was to be summed up in the later presentation by Peter 
Thorne at the end of the session. 

7.4. ARM Facility radiosonde operations and metadata improvements – moving toward the 
RS41 sondes - Donna Holdridge and Doug Sisterson 

The next presentation was given by Doug Sisterson on ‘ARM Facility Radiosonde Operations and Im-
provements – moving towards the RS41 sondes’. He explained that the ARM Climate Research Facili-
ty has begun the process of transitioning from RS92 to RS41 radiosondes. Eleven base stations and 
one Autosonde launcher will need upgrades to be able to accommodate the RS41 radiosondes. 
While the funding for these activities are in the ARM budget, there are currently budget constraints 
that might delay implementation until early 2017. 

He noted that specific actions were taken at the NSA Barrow and SGP Lamont sites since ICM-7, in-
cluding the following. The Barrow site is considering going to 4 radiosondes per day. ARM is investi-
gating the cost impact of targeting balloon burst at 10 hPa at all of its sites and adding a standard 
humidity chamber to the SGP site for evaluation before implementing at the other ARM Sites. To 
standardize surface measurements, MAWS (integrated directly with DigiCora systems) have been 
purchased for all ARM Sites and one has been installed at the SGP Site. The remaining systems are 
planned for installation at the remaining ARM sites this calendar year. 

Finally, because ARM is a US Department of Energy National Scientific User Facility, Doug Sisterson 
suggested that the GRUAN community proposes a field campaign to fly twin radiosondes 
(RS92/RS41) for an extended intercomparison period at the SGP Site. 
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7.5. Estimation of bias in RS92 -> RS41 transition: preliminary results on Lindenberg tempera-
ture data - Alessandro Fassò 

Alessandro Fasso talked about ‘Preliminary results on the number of comparisons to estimate the 
temperature bias in RS92 to RS41 transition’ and how observations were needed to estimate a bias 
with a prefixed precision considering the temperature bias between RS92 and RS41. He explained 
the need to understand the variability of in-situ differences dT = T41 - T92 at a certain altitude and its 
standard deviation, σdT. A preliminary assessment of σdT was done on historical data, considering 
two different sampling schemes: 1) the so-called odd even days difference (OED) based on alternate 
soundings from the same station in subsequent days, and 2) the standard dual sounding (DS) differ-
ence based on two sensors on the same balloon. Under the assumption that bias is additive and pos-
sibly related to some auxiliary variables, namely T41

i = T92
i + b (xi), historical observations of RS92 on-

ly can be used to estimate the standard deviation σdT by assuming no bias (b = 0). Now, the number 

of comparisons to estimate the true bias with an error not exceeding  and a confidence of 95% is 
given by the general formula 

 

which is well known and holds true for medium to large n, under the assumption that the differ-
ences are stationary, incorrelated and obey to a central limit theorem.  

Alessandro Fasso then presented a study using data from RS92 only, considering differences of tem-
perature at 12:00am, 300 hPa, years 2010-2016 at Lindenberg, without ancillary information. Alt-
hough RS92-RS41 dual soundings (DS) were not yet used, he focused primarily on the OED approach 
but obtained useful guidance also for the DS case. The OED differences result to have a distribution 
which is n approximately symmetric about zero, standard deviation σdT = 3K and kurtosis k = 4.28. 
Moreover, they do not show any relevant autocorrelation, seasonality or periodicity related to the 
mean level. On the other hand, the variability of these differences shows some fluctuations which 
are related to seasonality, with the exception of year 2012.  

 
Regarding the DS differences, he considers here, preliminarily, the ideal case where, the environ-
mental variation between the two measurements is negligible and the DS difference has a standard 

deviation given by σdT = √2𝜎T, where σT is the GRUAN standard deviation. In the above Lindenberg 
case the average standard deviation at 300 hPa is 0.18K, which gives σdT ~ 0.26K. In the table below, 

we report some results regarding the number of comparisons for an error small (0.1K), medium 
(0.25K) or large (0.5K) and standard deviations compatible with both the OED and DS schemes. It is 
apparent that the number of comparisons depends on the standard deviation σdT. 
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In light of these results, Alessandro Fasso suggested that the LC makes available for the statistical 
analysis all twin soundings already obtained by the various sites active on this, either RS92-RS41 or 
RS92-RS92 DS. These data, together with solar elevation, can be used in order to give guidance on 
the duration and geographical extension of the transition on a rational basis. Repeating periodically 
this statistical analysis will allow to have reliable bias estimates, uncertainty included, which will 
make it possible to homogenize RS92-RS41 time series. 

7.6. New GRUAN data processor for radiosonde measurements – status of RS92 (v3) and RS41 
(alpha) data products – Michael Sommer 

Michael Sommer gave an insight to the ‘New GRUAN data processor for radiosonde measurements – 
status of RS92 (v3) and RS41 (alpha) data products’. He explained that the old GRUAN data processor 
had limitations as e.g. it was dependent on one file format, it was a monolithic program rather than 
modular, and it had a very strict quality assessment directly implemented that was not configurable. 
Therefore, desired features for the new system comprise: modularity, option to handle different 
versions (e.g. operational version, developments versions), possibility to process different radio-
sonde types, independence from original file formats or raw data, and a discrete handling of quality 
assessment.  

Michael Sommer then described the new GRUAN data processor that is divided into five parts: the 
pre-processing, data import and mapping, processing and quality control, the quality assessment as 
well as the data export. Both the development of the pre-processing and the data import module 
are completed. The data processing is under development, in a functional but not yet final state. A 
concept exists to handle the quality assessment of the sonde data completely separately from the 
processing to allow future changes without affecting the processing, and to also allow quality as-
sessment of products not processed with this system. Also in concept state is the data export, which 
will implement several steps from the old system, as creating a standardised data product file, a 
quality report and a processing log file.  

Michael Sommer continued by presenting thoughts on a standardized raw data file and the mapping 
of raw data files. He showed which parts of the RS92-GDP version 3 are already implemented, and 
provided examples for the modular treatment of the Standard Humidity Chamber analysis, for the 
estimation of a more realistic ventilation of the radiosonde, and for the radiation correction of the 
temperature.  

Michael Sommer illustrated that the new modular processing system for the RS92 will be the basis 
for the development of the RS41 GRUAN data product. Different parametrization and configuration 
will apply due to different results of the laboratory experiments like e.g. different time-lag constants. 



30 
 

Also differences in the temperature sensor mounting, the measurements principle of the humidity 
sensor, and sondes with or without pressure sensor will have to be incorporated. So far, about 75% 
of software development for the RS41 is done. Michael Sommer concluded that the development of 
new data processor for GRUAN radiosondes is in progress, and the development of RS41 GRUAN 
data product is directly linked to it.  

After the presentation, Peter Thorne and Dale Hurst expressed that the sites would like to have a 
feedback-mechanism implemented to the new software version. Some aspects of the quality as-
sessment and data flagging were debated, like e.g. the format of publishing flagged data as GRUAN 
data. Michael Sommer and Rolf Philipona added that the quality assessment of the modular soft-
ware can also be applied to other radiosonde types.  

Among the topics that were discussed earlier were: payload configuration, timing of twin-soundings 
to coincide with satellite overpasses as well as timing related to weather conditions, setup and avail-
ability of a database containing all relevant (meta)data from twin-soundings as well as ancillary data. 
Several high-priority action items pertaining to the RS92 transition management were defined during 
the discussion.  

7.7. The way forward in RS41 transition – Peter Thorne 

At the end of the Tuesday afternoon session, Peter Thorne presented ‘The way forward in RS41 tran-
sition’ as summary and outcome of the preceding discussion. The main points were listed as action 
items including the names of the relevant people. It was decided that the initial analysis of all cur-
rent dual launch data by Alessandro Fasso and the LC will be reported to GRUAN ICM-8 participants 
by email.  

Based on the initial analysis, the LC is to ascertain consistency or otherwise of payload configura-
tions, and make a recommendation as to how to set the rigs to assure comparability to the possible 
extent. Also, the LC is to provide guidance on when and under what conditions to undertake flights if 
not to a regular schedule, regarding night / day / cloud / clear sky launches, based on early lab re-
sults. This will also include providing schedules for ‘golden’ launch times with polar / GNSS-RO. The 
LC is also to instigate and populate a database of parallel soundings of RS92-RS41, including possible 
satellite co-locations, raw and black-box processed raobs profiles. This database should be served 
through LC and Tony Reale, and made available to the GRUAN community. There will also be an In-
terim analysis of the insights that can be bought by the use of satellite data to the characterization 
of the change between RS92 and RS41 based upon the paired launches. 

Furthermore, it is planned e.g. that an IOPR proposal will be submitted to ARM to run dual launch 
programs at their sites of RS92 and RS41 to help quantifying the effects for 1 year. Also, the LC is to 
work with BoM to instigate an intercomparison campaign for RS92-RS41 transition at the tropical 
Darwin site. The LC and Sterling facility are to undertake coordinated lab characterization of the 
RS92 and RS41, with a formal report at ICM-9. Also, the interim analysis of the radiosonde overlap 
observations should be completed and reported at ICM-9. 

The GRUAN replacement strategy is planned to be described in a paper submitted to a peer-
reviewed journal (GI) to increase the visibility of effort and broad community buy-in.  

8. GRUAN sites day 

8.1. GRUAN data flow – Michael Sommer 

The GRUAN meta-data base (GMDB) is the central storage of all relevant meta-data in GRUAN. This 
database is located at the Lead Centre. Extensive data is collected about stations and their meas-
urement systems including: changes to configurations, measurement events with all related hard-
ware and software, raw data files, status of data flow and data quality flags. At present the GMDB is 
exclusive to the Lead Centre (read/write). Future configurations may allow read-access to the whole 
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GRUAN community and potentially the public (without registration). The new GRUAN website will 
provide the infrastructure to serve this data. 

Regarding data files, to date GRUAN is only handling radiosonde and GNSS data. This includes radio-
sonde PTU from several manufacturers, ozonesondes, and stratospheric humidity sondes. 

Ideal is to have a single GRUAN processing centre (PC) for each instrument. Agreements are in place 
between LC and respective PCs. Regarding dissemination of data, at this moment only the fully 
QA/QC “approved” data are available for the GRUAN data products, i.e. only data that has passed all 
required quality checks, including burst height, sensors uncertainties, etc. For example, this means 
that perfectly good radiosonde data might not be distributed if the strict height requirement isn’t 
met. That sonde still might be useful for satellite Cal/Val, so we are looking at ways to share all data 
and include the quality descriptors with the data. In the future all processed data (GRUAN-processed 
and manufacturer-processed) along with the raw data files will be shared. 

Questions: 

June Wang: Are the raw data only archived in LC. No copies? 

Michael Sommer: Several copies reside within LC. GDPs that are created by external Processing Cen-
tres are also stored there. 

June Wang: Are they to archive the data products too? 

Michael Sommer: Each PC can store its own data. Should define PC to archive. 

Ruud Dirksen: Official raw data archive is the LC. If PC has a copy that is voluntary. 

Peter Thorne: Redundant fail safe back of data. Clearly makes sense to have distributed manage-
ment. Good idea for PC to also keep a copy. Ensure backup. 

Michael Sommer: At moment no formal definition of data backup / archiving. 

Ruud Dirksen: Lead Centre has large failsafe redundant RAID system. 

Roger Atkinson: Expensive data set, need a backup. 

Rolf Philipona: Why are GNSS only 5 stations? Do we need to send other information? 

Michael Sommer: It’s a cooperation between LC, GFZ and sites. It is planned to add more sites to the 
stream, this is under development. 

Xavier Calbet: Are stratospheric sonde data available? 

Michael Sommer: LC has all raw data but at moment only approved data are published. 

Tony Reale: Only RS92 is a GDP? 

Michael Sommer: No, RS-11G and SRS-C34 are also GDP but are undergoing certification. 

Peter Thorne: The other GDP are completed, but not yet documented. 

June Wang: Regarding RS types why is a dataproduct being developed for Graw-DFM09 if nobody is 
using it? 

Michael Sommer: They are Singapore data and there are a few years of data available. They have 
changed to RS41. Now they are the only GRUAN site flying only RS41. 

8.2. Discussions about station reports – Lead Centre, Ruud Dirksen 

Short discussion about the GRUAN requirements for balloon burst altitude. Burst below 100 hPa: 
rejected, up to 10 hPa: sufficient, above 10 hPa: good, above 5 hPa: excellent. 

6 sites reach 10 hPa regularly, 3 sites have improved, 3 sites do not reach this altitude for the whole 
year. 

Questions: 

Dale Hurst: What is the recommended minimum size of the balloon? 

Ruud Dirksen: 600 g. 
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Ruud Dirksen: Last winter there was an especially cold stratosphere which caused some problems 
with balloon launches. Lindenberg had some soundings terminated at 15km. We applied an oil mix-
ture to balloon and it was able to reach higher altitudes. 

Sasha Kats: What type of balloon do you use? 

Ruud Dirksen: TX in winter. 

Jim Hannigan: Rule of thumb that 60% of network should reach a specific level. Is there a recom-
mendation? 
Roger Atkinson: There are requirements, but they are less ambitious. Climate has interest in higher 
up. 

Jim Hannigan: As a cost savings the weather service wants to move to smaller balloons. 

Roger Atkinson: Practices are dominated by finance. 

Peter Thorne: Guidance offered from GCOS. Broader issue is what is the sonde network for? Do we 
need 00, 12Z, etc. 

Roger Atkinson: This community needs to lead this and convey it back through GCOS. 

Ruud Dirksen: A few sites are not using the RsLaunchClient properly. 

8.3. Evaluation of experiments regarding solar radiation on radiosonde temperature sensors - 
Christoph von Rohden 

Existing data on measurements of the heating effect of solar radiation on radiosonde temperature 
sensors using the Lindenberg radiation chamber have been re-evaluated. The setup is designed to 
simulate the conditions for radiosonde ascents (pressure 3 hPa to ambient, ventilation speed 0 to 7 
m/s) and can be equipped with two or three radiosondes simultaneously. The irradiance (laboratory 
lightsource or sun) perpendicular to the sensors is controlled by an aperture system and different 
grey filters. The air flow field within the chamber was verified by Laser-Doppler Anemometry meas-
urements. The results of the experiments provide a basis for the radiation correction of atmospheric 
temperature records from radiosondes. 

The temperature effect ∆𝑇 was extracted from the data records according to Dirksen et al. (2014, 
AMT), as well as applying two improved methods. The results show ∆𝑇 up to 4 K for the Vaisala RS92 
radiosonde at low pressures and high irradiation, exceeding the older values by more than a factor 
of 2 in that range.  

Further work is planned with regard to the ability of the setup to appropriately represent upper at-
mospheric conditions. 

Questions: 

Shu-peng Ben Ho: Daytime-only? What is the solar angle? 
Xavier Calbet: Temperature correction affects T and U? 
Ruud Dirksen: Humidity sensor also affected by solar radiation. 

Thierry Leblanc: Check if these effects are also seen in rotational-Raman lidar data for Lindenberg? 

Belay Demoz: At best you can get 1K. 

Tony Reale: Originally GRUAN-data was warmer than GTS versions during the day. If we get the da-
tasets we can easily check these differences. Compare V3 to V2. 

8.4. Field experiments at Sodankylä – Rigel Kivi 

Rigel Kivi presented results of the field experiments at Sodankylä. CFH, RS41, RS92 comparisons 
were performed during two years (2014-2015) and during all seasons. Altogether there were 11 
comparison flights, which included the CFH as a humidity reference. It was found that the RH differ-
ences ((RS92 or RS41) -CFH) were smaller than 1.5 % RH. The average temperature differences 
(RS92-RS41) were smaller than 0.13 K. The temperature difference increases with the altitude. In this 
comparison data processing of RS92 and RS41 was provided by the manufacturer. 
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In addition other field activities were presented. A series of CFH water vapor measurements and 
ozone profile measurements were made in spring 2016. The measurements showed significant de-
hydration in the lower stratosphere. Significant ozone loss was observed until March 10, 2016, be-
fore the onset of a major stratospheric warming. The observed ozone loss in the Arctic vortex was 
one of the largest since early 1990s. 

AirCore measurements were made at Sodankylä in summer 2015 and in winter/spring 2016. The 
goal of the AirCore measurements has been to obtain profiles of greenhouse gases such as carbon 
dioxide and methane. In addition also other analyses have been performed using AirCore, for exam-
ple radiocarbon analysis of stratospheric carbon dioxide retrieved from the AirCore sampling. Glider 
experiments in summer 2015 were successful. There is a possibility that gliders can be used to return 
AirCore instruments to the desired location. This would improve vertical resolution of the profile 
retrieval, because the recovery time of the instrument would be reduced. 

Dale Hurst: Is the RS92 data you show the GRUAN data product? 

Rigel Kivi: Vaisala product. 

Ruud Dirksen: When you showed the temperature difference, qualitatively the same shape, but 
smaller values than PAY or LIN. 

Rigel Kivi: Went up to 30km. 

Hannu Jauhiainen: What is the bias between RS92, RS41? 

Rigel Kivi: Difference (?) 

June Wang: You show RS41 and RS92 are systematically different than CFH 

Rigel Kivi: Only 7 flights. 

June Wang: Statistically significant? 

Rigel Kivi: Need more flights 

Rolf Philipona: Did you distinguish between night and day when you compare RS92 and RS41? 

Rigel Kivi: Only daytime. 

Rolf Philipona: Once at 20-30km you should have a constant solar impact. 

Shu-peng Ben Ho: Ventilation can be different at high altitudes. 

8.5. Ny-Ålesund Recent Radiosonde Observations and Future Activities - Marion Maturilli 

Talking about the ‘Ny-Alesund recent radiosonde observations and future activities’, Marion Maturil-
li pointed out the peculiarities observed in the European Arctic during the recent winter 2015/2016. 
While stratospheric temperatures above Ny-Alesund were exceptionally low in December/January 
due to the presence of the extraordinary stable and cold stratospheric polar vortex, tropospheric 
temperatures were found to be higher than usual due to cyclonic activity and related warm air ad-
vection from lower latitudes. The potential of more frequent radiosonde observations for weather 
and sea ice forecasts was mentioned in the context of a collaboration with Japanese colleagues per-
forming data assimilation studies including radiosonde campaign data from Ny-Alesund. A similar 
radiosonde campaign embedded in assimilation experiments is planned for December 2016. During 
the upcoming ‘Year of Polar Prediction’ (YOPP), further intensive radiosonde campaigns are planned 
in Ny-Alesund. 

8.6. Using RO data to identify biases in radiosondes – Ben Ho 

Radiosonde temperature observations have been available since 1958. Despite different sensor 
types and various radiative bias correction were used during different time periods, radiosonde 
temperature data from multiple sensor types have been used to construct long-term temperature 
trends in the troposphere and lower stratosphere. It has long been recognized that the identification 
and correction of the sensor type dependent biases for the historical sonde data is one of the main 
obstacles for the sonde-based temperature climate data records. In this study, we used RO tempera-
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ture data from COSMIC and Metop-A from 200 hPa to 20 hPa as references to compare to those 
from multiple sonde sensor types globally from June 2006 to December. 2015. Unlike RAOBs, the 
fundamental observable (i.e. time delay) for the Global Positioning System (GPS) radio occultation 
(RO) satellite remote sensing technique can be traced to ultra-stable international standards (atomic 
clocks) on the ground. These results suggest that GPS RO data from COSMIC and Metop-A tempera-
ture observations are extremely useful as benchmark observations for differentiating radiosonde 
temperature errors resulting from instrument characteristics and identifying the variation of inter-
seasonal biases. The global comparison of RO-RAOB pairs for different temperature sensor types for 
daytime and night-time are summarized. The inter-seasonal variations of RAOB-RO temperature bi-
ases for various temperature sensor types are assessed. 

8.7. GRUAN related activities at the Beltsville site - Ricardo Sakai and the Beltsville Team 

Ricardo Sakai reported on the operational efforts and ongoing scientific studies at the Howard Uni-
versity Beltsville Campus (HUBC). At HUBC routine measurements of upper air sondes for GRUAN are 
performed, and elects to launch the sondes during the Suomi National Polar-orbiting Partnership 
satellite (NPP) overpass times. It satisfies both GRUAN requirement and it serves as sonde-based 
satellite validation activities and to minimize the sonde-satellite mismatch errors and radiosonde 
quality issues. All data are being stored in the local computer, and sent to GRUAN database through 
RsLaunchClient. 

An example from a satellite coordinated sonde and lidar operation at Beltsville on 21 February 2013 
is shown in the Figure below. In the figure moisture measurements from Raman lidar, Radiosonde 
and satellite products from NPP are shown. Raman lidar water vapour mixing ratio (g/kg) profile 
time series (fig. 1A) was acquired several hours before and after of the satellite overpass. Profiles 
derived from NPP sensors around Beltsville and the sonde data (fig. 1B) reveal highly variable satel-
lite profile data near the launch site, contrary to what is inferred from the lidar data. Sonde and lidar 
data are reduced in resolution to match the satellite retrieval product which is also constrained to be 
within a ±0.2 g/kg RMS value of the sonde data (fig. 1C) to identify if the best satellite-sonde-lidar 
matched profiles and geo-locate their location with respect to the launch site and radiosonde path 
(fig. 1D). Red dots in the satellite path overlay are locations of the profiles that passed the require-
ment and the yellow dot is the profile with the best match. Cases are being analysed to refine the 
method and study the regional variability. 

 

Recently, a monthly daytime launch was added which has a dual purpose. The first one is to provide 
another Cal/Val data set to NPP overpass. The second purpose is to compare HUBC soundings with a 

Figure-1: An example of a comparison of satellite and ground-based data measurements of moisture  
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concomitant launch at the NWS-Sterling site. Until 27 April 2016, eight dual launches have been per-
formed. 

HUBC continues its Cryogenic Frost Point Hygrometer (CFH) launches, in collaboration with the 
NDACC-related work of the NASA Goddard (NASA/GSFC) partners, to study upper tropospheric mois-
ture and temperature variability. The reference flights will be done with the RS92-SGP launches. 
Since it is launched close to NPP overpass, it provides useful calibration/validation information re-
garding upper atmospheric water vapour measurements. Other current and future NASA satellite 
overpasses might be included in the future. 

8.8. NOAA/NWS-SFSC Modernization plans and collaboration with the Beltsville GRUAN site - 
Daniel Brewer and James Fitzgibbon 

Daniel Brewer provided an update on the U.S. National Weather Service’s (NWS) Sterling Field Sup-
port Centre (NWS) recent modernization efforts and plans in support of their national mission and 
international collaboration. The question posed at the beginning of the conference, “How can Ster-
ling support GRUAN” was revisited with a focus on Sterling’s inherent test and support capabilities.  

Over the last year, a Quality Support and International Activities section within Sterling was estab-
lished to lead the way in modernizing laboratories and supporting WMO related activities. Moderni-
zation efforts included the purchase of new standards in the Wind Tunnel, Pressure, Temperature 
and Humidity Labs. In addition, a relationship with the U.S. National Institute of Standards and Tech-
nology (NIST) was pursued with each of their parallel labs with various levels of response. These 
modernization activities in addition to the pursuit of becoming a WMO Region IV Regional Instru-
mentation Centre (RIC) are sending a clear signal that NWS management is reinvesting in SFSC.  

Current and near term activities include continued participation with the GRUAN Mid Atlantic Col-
laboration (G-MAC) including the development of a test plan for the RS92 to RS41 comparison, a 
commitment to perform 5 flights per month directly in support of GRUAN, a planned visit to the 
Lead Centre (Summer 2016), and indirectly related, the establishment of the NWS Pressure Stand-
ards Lab at SFSC. 

Future activities include a general commitment to increased involvement in WMO activities includ-
ing establishing a RIC, continued involvement in GRUAN, WIGOS, and involvement in the interna-
tional radiosonde intercomparison. Additionally, the SFSC is committed to supporting the transition 
of the U.S. upper air network to a 403 MHz observing system in a way that will adopt many of the 
GRUAN methodologies.  

Follow up comments: 

Tony Reale: NOAA has a proposal for fiscal year 2018 to support GRUAN activities. 

Roger Atkinson: Overall, encouraged by what is happening at Sterling. If Sterling needs assistance 
towards becoming a RIC, let him know. To determine our involvement in the UAII, see Rolf Philipona. 
Interested in finding out how we plan to eliminate Mercury. 

Ruud Dirksen: Interested in having Sterling visit the Lead Centre. 

8.9. Balloon soundings and MORGANE campaign at Réunion - Stephanie Evan 

Reunion Island (21S, 55E) has three measurement sites: the Maïdo observatory on the western part 
of the island (2160 m ASL), Gillot Airport (northern part of the island, 10 m ASL) and the University 
of Reunion in Saint-Denis (northern part of the island, 80 m ASL). Reunion Island has been operat-
ing continuous atmospheric measurements (lidar, Ozonesondes) under the NDACC and the 
SHADOZ global networks since 1994 and 1998 respectively. In support of lidar water vapour meas-
urements at Maïdo observatory, we started developing new collaborations with the GRUAN com-
munity in 2014. The Raman water vapour lidar system at the Maïdo observatory is dedicated to 
water vapour measurements in the UTLS. 
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In 2015, observatory staff acquired new skills for preparing and launching CFH and COBALD instru-
ments after being trained by colleagues from DWD/GRUAN Lead Centre. Lidar water vapour obser-
vations extending into the lower stratosphere were validated during the Maïdo Observatory Gas 
and Aerosol NDACC Experiment (MORGANE) intercomparison exercise in May 2015. One of the 
objectives of this field campaign was to evaluate the performance of the Raman water vapour lidar 
by testing it against the NDACC mobile Raman lidar and radiosondes (CFH, Vaisala RS92&RS41, 
Modem 10).  

During the MORGANE campaign, all radiosondes (M10, RS92, RS41) presented a dry bias in the up-
per troposphere above approximately 10 km. At the latitude of Reunion Island dry lower strato-
spheric values from dehydration during the boreal winter months last longer because of the slower 
stratospheric meridional residual circulation in the Southern Hemisphere. Therefore, the May CFH 
profiles of water vapour present values in the lower stratosphere around 3ppmv. Relative dry val-
ues were also observed in the upper troposphere between 10 and 15 km due to the intrusion of 
dry stratospheric mid-latitude air into the troposphere due to the close proximity of the subtropical 
jet to Reunion Island in May. 

During the MORGANE campaign, the plume from the eruption of the Calbuco volcano (Chile, 22 
April 2015) was also detected while reaching the Indian Ocean after about one month from its 
emission. Thin aerosol layers were observed around the tropopause at approximately 17 km in the 
COBALD data. 

In addition, Stephanie compared the May 2015 CFH profiles to MLS water vapour retrievals. Spatio-
temporal coincidences between MLS overpass profiles and CFH soundings at Reunion Island were 
identified using criteria ±500 km for zonal distance, ±1000 km for meridional distance and ±18 
hours for temporal requirement. 5-15 coincident MLS overpass profiles for each CFH sounding 
were averaged into a single profile for comparison purposes. Each CFH profile was convolved with 
the MLS averaging kernels for different pressure levels to reduce the vertical resolution of the CFH 
measurements to that of the MLS water vapour retrievals. Overall, MLS was found to be wetter 
than the CFH with the largest discrepancy near 100 hPa. 

Stephanie also showed comparisons between the mean CFH profile of water vapour and the mean 
lidar profile of water vapour for May 2015. In the lower TTL region (14-17 km) the lidar water pro-
file shows a good agreement with the CFH instrument when the lidar data are integrated over a 4-
hour period. Between 17 and 22 km, the mean lidar profile is smoother than the CFH (lidar data 
integrated over a 50-hour period) but overall a good agreement can be seen between both instru-
ments. 

After that Stephanie Evan presented the FOOT (Flexpart cOnvective Outflow Tool) online tool to 
analyze H2O/O3 measurements from the Maïdo Observatory (http://geosur.univ-
reunion.fr/public_html/cgi-bin/web/display_image_vapeurdo.py). FOOT provides an array of 
FLEXPART Lagrangian trajectories and METEOSAT 7 geostationary satellite observations on a daily 
basis for the Indian Ocean. 

In conclusion, Stephanie presented water vapour (CFH), temperature and aerosol profiles (COBALD, 
POPS) corresponding to three balloon launches in January and March 2016. January 2016 was 
moister between 17-20 km by approximately 0.7 ppmv, which was coherent with large MLS 
anomalies over the Indian Ocean due to the 2015-2016 El Niño, among the strongest on record. 
The January MLS water vapour anomalies over the Indian Ocean coincide with high TTL cirrus cloud 
fractions measured by the CALIOP lidar onboard CALIPSO for the same region. The COBALD red 
backscatter on January 25 indicated an increase in particles above the tropopause (about 17 km). 
The March 31 POPS total particle concentration indicated that the aerosol content in the TTL over 
Reunion is low (approximately 10 particles/cm3) and is dominated by aerosol sizes corresponding 
to the accumulation mode (particle sizes between 0.1 and 2.5μm). 
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The measurements from the May 2015 MORGANE campaign are currently used in multiple studies 
that should lead to publications by the end of 2016. It is planned to implement the GRUAN ground-
check procedure on the Modem M10 radiosonde as part of the weekly SHADOZ ozone balloon 
launch. It is planned to go through the GRUAN certification process in 2018. 

8.10. Updates and future plans from Tateno - Nobuhiko Kizu 

Nobuhiko Kizu reported on "Time-series variation of 600 g Balloon burst height in Tateno", "Temper-
ature comparison with RS-11G and RS92-SGP carried out in this year", and "New sounding system of 
JMA to be introduced in 2018". 

"Time-series variation of 600 g Balloon burst height in Tateno" was discussed in regards to the bal-
loon burst height of radiosondes in this last 15 years. In this period, Tateno had three times changed 
the radiosonde (Meisei RS2-91, Vaisala RS92-SGP and Meisei RS-11G). Thereby, it was possible to 
understand that the RS-11G observation height is higher than RS92 observation height because the 
nozzle lift of the balloon was reduced from 1900 g of RS92 radiosonde to 1700 g of RS-11G light-
weight radiosonde. Therefore, the mostly RS-11G observation reached 10 hPa or higher. 

Regarding "Temperature comparison with RS-11G and RS92-SGP carried out in this year", Kizu re-
ported the result of temperature comparison with Meisei RS-11G and Vaisala RS92 which used to 
routine observation. 

Tateno carried out the consolidated launch of RS-11G and RS92-SGP once a week. 

As a result, the temperature difference between the RS-11G and RS92-SGP is small in night-time ob-
servation (tolerance of less than 0.2 K), but it was found that it is necessary to remove the influence 
of the balloon's slipstream of the RS-11G at the height of 10 hPa or higher. 

As for daytime comparison, the difference of each radiosonde temperature was observed about 0.5K 
at the 10 hPa or higher. 

In this regard, the solar radiation correction for RS-11G is using the ascent rate as the ventilation fac-
tor. 

Kizu reported that it is necessary to use the ascent rate but also use the pendulum motion speed. 

Furthermore, Kizu reported that it is necessary to consider the albedo using MTR with pyranometer 
for confirming the solar radiation correction of both radiosondes. 

For "New sounding system of JMA to be introduced in 2018", Kizu explained the system to perform 
the observation by integrating the 16 radiosonde sounding sites that JMA owns. This integrated sys-
tem will be installed at JMA HQ and all site's 1 second data and metadata are sent to this system. It 
then becomes possible to check each site's data in real time. Also, the TEMP, TEMP-BUFR and High-
resolution BUFR will be sent from this system. 

In addition, Kizu reported that the Tateno site continue to use the Vaisala RS92 (or RS41) and carry 
out the consolidated comparison the same as current. 

These observation data will be sent to Lead Centre also in the future. 

8.11. The role of conventional radiosonde observations in satellite data calibration/validation: 
Values and Challenges - Bomin Sun 

In his presentation, Bomin Sun summarized the values and challenges for using global conventional 
radiosonde observations (RAOBs) in satellite data calibration/validation. First, he introduced the 
NOAA satellite Products Validation System (NPROVS) that uses global RAOBs as the anchor to bring 
atmospheric temperature and water vapour products together from different satellite platforms, 
instruments and retrieval algorithms for their routine monitoring and intercomparison. NPROVS has 
been operated at the Centre for Satellite Applications and Research NESDIS since April 2008. Results 
of the report are based on the experience of using the system in the past eight years. 
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Major values of conventional RAOBs in satellite data Cal/Val via NPROVS include a) huge observation 
number with little cost, b) independent truth relative to NWP for satellite validation, c) very useful in 
detecting products anomaly, characterizing product performance in a variety of meteorological con-
ditions and climate regimes, and identifying problem areas in retrieval systems in support of algo-
rithm development and improvement. 

Major challenges of using conventional RAOBs in satellite data validation come primarily from a) 
temporal/spatial mismatch with satellite overpass for a majority of radiosonde launches and b) er-
rors in RAOBs including warm bias in the upper troposphere and lower stratosphere and dry bias 
particularly in the upper atmospheric level and during daytime. Those issues can prevent us accu-
rately accessing if for example the NOAA retrieval product from Suomi-NPP (i.e. the NOAA Unique 
CrIS/ATMS Processing System, NUCAPS) meets the JPSS specification performance requirements. 
Fortunately, within SATR NESDIS, the NPROVS expansion, NPROVS+, has been in place for a more 
robust Cal/Val. RAOBs from GRUAN and JPSS supported dedicated sondes (coincident with satellite 
overpasses) of ARM and special scientific campaigns are used as the collocation anchor and those 
sondes provide error traceable measurements. In conclusion, NPROVS with a large number of meas-
urements and NPROVS+ with better measurements are complementary to each other for use in sat-
ellite data Cal/Val. 

Ben Ho: Use of averaging kernel for temperature? Without averaging kernel we do not know about 
the retrieval. Retrieval itself is not unique then. Less than 10 degrees of freedom. 

Bomin Sun: We do not apply averaging kernel. Subdivided into 1 km, 2 km layer. 

(?): Are you taking into account averaging kernels? Surprised there is not more bias between the 
levels. BL leak into retrieval? 

Bomin Sun: If a priori is good, you are OK. 

Tony Reale: Use of averaging kernel is another approach. 

Belay Demoz: Went through this exercise during WAVES. Can bring them to be comparable. 

Xavier Calbet: Errors in retrievals are based on the levels you do your retrievals in. 

8.12. Controlled weather balloon ascents and descents for atmospheric research and climate 
monitoring - Rolf Philipona and Dale Hurst 

Dale Hurst presented information about a technique for controlled balloon descent that involves a 
single balloon with an automated valve to achieve controlled descent rates of approximately 5 m/s. 
This technique is employed at the NOAA Frost Point Hygrometer (FPH) sounding sites in Boulder, 
Lauder and Hilo. Moisture is deposited on the balloon and flight train during ascent through the wet 
troposphere. This moisture is later released, predominantly during ascent above the tropopause, 
affecting measurements made by the trailing FPH. During controlled descent the FPH remains in 
front of the moisture-releasing surfaces and is able to sample air without moisture contamination. 
This ballooning method also improves the vertical resolution of descent measurements in the strato-
sphere compared to those made at descent rates of >50 m/s after balloon burst. 

It has been demonstrated that ascending weather balloons can perturb the air measured by very 
sensitive humidity and temperature sensors trailing behind them, particularly in the upper tropo-
sphere and lower stratosphere (UTLS). The use of controlled balloon descent for such measurements 
has therefore been investigated and has been described in a paper. The one balloon technique that 
uses a simple automatic valve system to release helium from the balloon at a pre-set ambient pres-
sure has been presented above. A second technique, the double balloon technique that uses a carri-
er balloon to lift the payload and a parachute balloon to control the descent of instruments after the 
carrier balloon is released at pre-set altitude, is presented here. The double balloon technique has 
recently been re-established and deployed to measure radiation and temperature profiles through 
the atmosphere. Double balloon soundings also strongly reduce pendulum motion of the payload, 
stabilizing radiation instruments during ascent. The flight characteristics and the quality of tempera-
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ture and humidity measurements made during ascent and descent with the double balloon tech-
nique are described in the paper that was recently published (Kräuchi et al. AMT/9/929/2016, doi: 
10.5194/amt-9-929-2016) 

8.13. Recent Divergences in Stratospheric Water Vapour Measurements by Frost Point Hygrom-
eters and the Aura MLS - Dale Hurst 

In his next talk, Dale Hurst presented evidence of diverging stratospheric water vapour measure-
ments by balloon-borne frost point hygrometers (FPs) and the Aura Microwave Limb Sounder (MLS). 
A statistical evaluation of FP-MLS differences from August 2004 to mid-2015 reveals statistically sig-
nificant breakpoints (i.e. trend changes) in many of the time series. Statistically significant (95% con-
fidence) downward trends in FP-MLS differences since 2010 are found at pressure levels 100-26 hPa 
over the three mid-latitude sites: Lindenberg, Germany (52°N), Boulder, Colorado (40°N) and Lauder, 
New Zealand (45°S). Trends at the two tropical sites, Hilo, Hawaii (20°N) and San Jose, Costa Rica 
(10°N) are also negative, but are not statistically significant. By mid-2015 the stratospheric changes 
in FP-MLS difference since 2010 at the three mid-latitude sites averaged -0.25 to -0.40 ppm (-6 to -
9%). These recent divergences in FP-MLS differences are attributed to a growing wet (high) bias in 
MLS retrievals because it is very unlikely that FP measurements by two different instruments, each 
independently manufactured and calibrated, drifted similarly over the last 4-5 years at three differ-
ent sites. The source of MLS measurement drift is actively being investigated but is not yet identi-
fied. 

8.14. Results of CFH sonde launches at the ARM Southern Great Plains Site (SGP) – processing 
requirements - Martin Stuefer 

In his talk, Martin Stuefer reported on Cryogenic Frost Point Hygrometer (CFH) launches that are 
performed at the ARM Southern Great Planes Central Facility since September 2014. Operational 
monthly CFH water vapour profiles are derived as a joint effort between the Department of Energy 
(DOE) Atmospheric Radiation Measurement (ARM) Climate Research Facility and NOAA's National 
Centres for Environmental Information (NCEI). DOE ARM provides the mentorship and effort, while 
NOAA is providing the reference CFH sondes and related materials.  

Martin Stuefer described CFH instrument characteristics and experiences with the CFH launches, and 
showed performance characteristics derived from the monthly observations at SGP. Vaisala RS92 
radiosondes have been routinely included in the CFH launch package enabling us to compare the 
CFH and RS92 water vapour profiles.  

ARM mission is to provide CFH measurements as baseline observations. The data will be made avail-
able within the ARM - and the GRUAN data archive. The GRUAN RsLaunch client interface has been 
received from Michael Sommer from the GRUAN Lead Centre. The typical launch package consists of 
the CFH, InterMet IMet1 and RS92 radiosondes, and a Garmin ‘dog-tracking’ device to find and re-
trieve the package on the ground. To date a number of eleven successful CFH profiles were ob-
tained. A gap in the launches occurred during winter 2015/2016; the DOE office for aviation man-
agement conducted a review of the atmospheric balloon launches and confirmed that all work is 
performed in agreement with the code of federal regulations.  

The typical burst altitude of the CFH balloons is slightly above 10 hPa. Examples of CFH mixing ratios 
were shown. We clearly see the adverse effects of the balloon on the derived H2O mixing ratios at 
atmospheric pressures below approximately 40hPa. Numerous CFH data are flagged at these alti-
tudes. 

Further CFH deployment problems were found when attempting to re-use CFH instruments; a care-
ful refurbishment is needed.  

In order to exchange experiences and to conduct comparative measurements, - ARM invites experts 
from other sites to apply for field experiments at SGP at http://www.arm.gov/campaigns/propose 
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8.15. Data Quality with regard to measurement representativeness, uncertainty, and confidence 
- ARM Facility interests - Doug Sisterson 

Doug Sisterson presented: A Unified Approach for Reporting ARM Measurement Uncertainties 
(Campos and Sisterson, 2015 DOE/SC-ARM-TR-170, www.arm.gov/publicaton - Technical Report). 
The measurement uncertainty of over 300 ARM instruments were classified as: 

 Field uncertainty (or measurement uncertainty), which corresponds to the variability of re-
peated measurements under field conditions with well-calibrated sensors. (Highest Confi-
dence) 

 Calibration uncertainty (or instrument uncertainty), which corresponds to instrument cali-
bration, use of well-established calibration references (traceability), and performance under 
ideal conditions to constrain known measurement errors. (Good Confidence) 

 Resolution, which corresponds to the minimum detectable signal or instrument response. 
(Low Confidence) 

 Other, which indicates an expression of uncertainty that either uses a retrieval or insuffi-
cient information to classify by above definitions of calibration uncertainty, field uncertainty, 
resolution, and none from the information provided (i.e., no reported traceability). (Fair 
Confidence) 

 None, which indicates that measurements have unknown uncertainty. That is, no estimates 
could be provided, because the instrument has not been characterized. (No Confidence) 

The results are: 

 

The “None” category reflects 
the ARM radars that did have 
sufficient statistics to estimate 
measurement uncertainty. The 
“Other” category was a mix of 
instruments that require a re-
trieval to provide a geophysical 
variable and uncertainty esti-
mates provided that did not 
provide clear traceability for 
calibrations. This category is 
being investigated and the ma-
jority of instruments in the 
“Other” category will most like-
ly be moved into the “Calibra-
tion” category. 

Some thoughts were offered 
about ways to approach envi-
ronmental factors that contrib-
ute measurement uncertainty: 

 What instruments are operated differently at fixed and mobile sites to compensate for local 
environmental conditions? 

 What metadata is used to evaluate the impact instruments (data) operating in different op-
erating conditions? 
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 Are we operating all our instruments with “best practices” in harsh environments? 

 How does the operating environment contribute to instrument uncertainty? 

 Do calibrations consider the uncertainty of the operating environment? 

 Are there other ways to determine measurement error due to environmental factors? 

 Are there references that provide estimates of measurement uncertainty that apply to in-
struments? 

 What and when are corrections applied in the processing of B1 and C1 level data? 

Finally, ARM not only provides instrument measurements, but also provides for best estimate prod-
ucts – Value Added Products or VAPs - for several atmospheric Essential Climate Variables. The VAPs 
can be constructed from several instrument measurements to provide an ARM Facility recommen-
dation for a particular observation where there are a number of similar but independent measure-
ments. 

8.16. Characterisation of radiosonde temperature biases and errors using radio occultation 
measurements - Jordis Tradowsky 

Jordis Tradowsky reported on the development of a new method to estimate radiosonde 
temperature biases using radio occultation measurements as a reference. The bias is estimated as 
the difference between mean radio occultation and radiosonde departures from co-located profiles 
extracted from the Met Office global numerical weather prediction (NWP) system. The basic 
assumption is that the bias in the NWP system does not vary over the separation distance, i.e. the 
co-located background at the position of the radiosonde and radio occultation measurements is 
equally representative of the true value at that location.  

Using NWP as a background reduces the impact of spatial and temporal co-location mismatches. The 
use of NWP output also permits determination of the lowest level at which the atmosphere is 
sufficiently dry to analyse radio occultation dry temperatures. The advantages of using a new 
tangent linear version of the dry temperature retrieval to propagate bending angle departures to dry 
temperature departures are demonstrated. This reduces the influence of a priori assumptions 
compared to the non-linear retrieval, since it allows the flexibility to set the bending angle 
departures above a certain altitude to zero.  

Radiosonde temperature biases, calculated for 752 upper-air sites, depend on radiosonde type and 
solar elevation angle, and also show inter-site differences. The bias exceeds 2K at some sites. The 
figure below shows the radiosondes (pink) and radio occultation (blue) departure statistics and the 
bias corrections (green) for the GRUAN station in Lindenberg. The vendor corrected data as used in 
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the NWP system are analysed here, i.e. no GRUAN products are analysed. Furthermore, the sample 
sizes are shown as dashed lines and the level above which more than 95% of the radio occultation 
profiles are used to calculate the mean is shown in cyan. The standard error is shown as an error bar 
and is small for all except the lowest levels, where the sample size is small. The results shown here 
are specific to the Met Office global NWP system because assimilated RS92 TEMP profiles are on 
average 0.15K too cold in the Met Office global NWP system. While the bias is in general small, a 
warm bias of about 0.5K is apparent for high solar elevation angle at the highest level of 10 hPa.  

 

If implemented in NWP models to correct radiosonde temperature biases prior to assimilation, this 
method could aid the need for consistent anchor measurements in the assimilation system. For 
further information, one can contact Jordis by email: jordis@bodekerscientific.com. 

8.17. Status of GRUAN site certification for the ARM SGP - Doug Sisterson and Donna Holdridge 

The ARM SGP Site is applying for formal membership of the GRUAN for its radiosonde measure-
ments. The current draft application document was presented to show that progress is actually be-
ing made. The SGP Site is really a collection of satellite sites that surround a Central Facility. Since it’s 
inception in 1992, the SGP Site has undergone several reconfigurations that involved the satellite 
sites, but the Central Facility has remained unchanged. The SGP radiosondes submitted to GRUAN 
have been and continue to be launched at the Central Facility. However, radiosondes have also been 
flown at four of the Boundary Facility satellite sites for the period 1995 – 2005. While this infor-
mation will be included in the SGP application, the data are not in the raw format needed to be pro-
cessed by the GRUAN Lead Centre. The radiosondes from the Boundary Facilities are essentially in-
cluded for completeness. 

Radiosondes are currently launched 4 times daily (00, 06, 12, and 18Z) 7 days a week at the Central 
Facility, but this has not always been the schedule. In addition, about 100 radiosondes are launched 
in support of satellite overpasses per year. In addition, because the SGP Site is part of the US De-
partment of Energy ARM Climate Research Facility National Scientific User Facility, researchers can 
propose to use the SGP Site for field campaigns and often request additional radiosonde launches. 
The SGP Site record occurred during a recent field campaign when 19 RS92 sondes were launched 
within a 24-hour period.  

While ARM processes its sondes and provides them through the ARM Data Archive (www.ARM.gov), 
ARM provides the 4X daily routine launches to GRUAN in raw format for processing at the Lead Cen-
tre and archived at the NOAA National Climatic Data Centre. 

8.18. GRUAN as a cooperating network of GAW – Greg Bodeker 

Greg Bodeker gave an overview of progress that has been made to strengthen the collaboration be-
tween GRUAN and GAW. GAW measures a range of parameters that would be of interest to GRUAN 
including stratospheric ozone (total, Umkehr, sondes), greenhouse gases (CO2, CH4, N2O), reactive 
gases (O3, CO, VOCs, NOx, SO2 etc.), aerosols, total atmospheric deposition, and solar UV radiation. 
GAW sites are in a variety of locations that would be of interest to GRUAN, in particular islands in the 
Pacific and Atlantic oceans. A letter of agreement between GRUAN and GAW has been developed 
that recognizes GRUAN observational sites that measure water vapour and/or ozone concentration 
as a contributing network to WMO/GAW and to define each Party’s responsibilities. 

GRUAN's responsibilities under this agreement include: 

• Assist GAW expert groups in setting up requirements and measurement recommendations 
related to water vapour. Developing respective guidelines; 

• Continue to satisfy the requirements set up by GAW on the quality of the observations as-
sessed by the GAW Scientific Advisory Group on Ozone; 
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• Ensure the shortest possible link of the network standards to the WMO reference standards, 
or perform network calibration directly against WMO primary standards; 

• Participate where appropriate in WMO/GAW comparison campaigns; 

• Provide information for all sites for WMO/GAW to assess if their siting conforms to 
WMO/GAW requirements; 

• Provide the GAW Station Information System (GAWSIS) with a list of sites from the network 
and relevant metadata; 

• Maintain current metadata descriptions on the GRUAN web site that may be used in 
GAWSIS; 

• Establish a link from GRUAN web site to home page of the WMO/GAW World Data Centre 
for Ozone and UV Radiation as well as to GAWSIS; 

• Allow free use of GRUAN data with appropriate attribution. 

The General Conditions of the letter of agreement include: 

• The Parties shall inform each other regularly about planned and completed work and about 
the results generated under this Agreement. 

• The Parties agree that any differences of views arising out of the execution of this Agree-
ment shall be resolved in an amicable manner. 

• In all publications, presentations or other information destined for the public which relate to 
cooperation under this Agreement appropriate reference shall be made to the cooperation 
and the partners involved. 

• This Agreement shall come into force when signed by both Parties and shall have a duration 
of five years. 

The closer cooperation of GRUAN and GAW was positively supported by the ICM attendees. 

8.19. Update on where we are at with bringing new sites into GRUAN - Greg Bodeker lead 

Greg began by reminding the attendees that our approach to bringing new sites into GRUAN needs 
to be coordinated so that we do not end up having multiple communication channels into the same 
organisation. This is why we have one GRUAN ‘shepherd’ per country. He also reminded attendees 
that it is our collective responsibility to keep the wiki page summarising our outreach to other sites 
up to date. That wiki page is available at: http://gruan.wikidot.com/newsite. If people are unable to 
access that page they should contact Greg. The sites currently being targeted for inclusion in GRUAN 
were then reviewed. A number of new sites were recently added to the list following consultation 
with GAW. 

8.20. Possible new sites: Dakar/Senegal, Roshydromet, CMA - Seydi Ababcar Ndiaye, Sasha Kats, 
and Rongkang Yang 

Seydi Ababcar Ndiaye presented an overview of the Dakar site. The talk was followed by a talk from 
Andrey Dubovetskiy and Alexander Kats (concerning Dolgoprudny) and by Rongkang Yang (concern-
ing Chinese sites). 

Andrey Dubovetskiy and Alexander Kats introduced Central Aerological Observatory, situated in Dol-
goprudny, Northern suburb of Moscow, 20 km North of the megacity centre. Dolgoprudny site be-
came a GRUAN candidate site in 2015. It represents a moderate mid-latitude continental climate 
with pronounced seasonality. Summer is warm and winter is moderately cold. Precipitation is all-
year-round: more in summer, less in winter. Westerly winds prevail. 

Site performs 00 and 12 UTC operational upper-air sounding using several radiosonde types from 
various manufacturers with alternative use of one of two secondary radars AVK and MARL. Results 
are disseminated to GTS in both FM35 and BUFR (native, from MARL – with high-resolution data). 
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MTP-5 boundary layer temperature profiles provide nearly continuous temperature monitoring up 
to 1 km. 

"The best technology currently available at the site" is considered to be MODEM M2K2-DC. The 
strategy of going ahead towards GRUAN radiosonde observations is to start with staff training fol-
lowed by regular weekly dual sounding using M2K2-DC and mimicking GRUAN procedures keeping in 
mind a transition to MODEM M-10. 

GNSS-PW instrumentation meeting GRUAN requirements is in operation since 2012. GNSS site iden-
tification DOLG. Inventory has been submitted to GFZ and site looks forward to agree with GFZ de-
tails of GNSS NRT data uploading and start with it. 

It is CAO where FLASH-B instrument was developed and designed and it considered to be site UT/LS 
water vapour instrument however – in long-time perspective due to high cost. 

Other instrumentation includes various total ozone column instruments, boundary layer and atmos-
pheric aerosol devices and, last but not least, unique Yak-42 airborne laboratory loaded with a wide 
spectrum of instrumentation. 

8.21. Presentation and discussion on site auditing - Greg Bodeker lead 

Greg started his presentation by pointing out that the GRUAN Guide (GCOS-171) makes it clear that 
certification of GRUAN sites will not be a single event. Periodic (every 3‐4 years) complete auditing 
of the measurement programmes included in the GRUAN certification for a site must be conducted 
to ensure that the programmes continue to meet GRUAN standards. Such an audit may include: 

• A review of annual reports from sites on GRUAN activities. 

• A written report from the site – essentially an update of the original report written to initiate 
the assessment and certification process. 

• A site visit by selected members of the WG‐GRUAN and the GRUAN Lead Centre. Such a visit 
would include discussions with the scientists responsible for the measurement programmes 
at the site. 

It is important for external perceptions of GRUAN integrity that audits are conducted by the Working 
Group and Lead Centre and not based exclusively on annual site reports. If problems with a site are 
identified: 

• If a measurement programme at an existing GRUAN site shows significantly reduced obser-
vational capability over more than a year, the Working Group and Lead Centre will investi-
gate the circumstances at that site, and, if needed, exclude that programme from the 
GRUAN certification for that site. The Working Group and Lead Centre will work proactively 
with sites to resurrect such programmes providing technical and in-kind support as practical. 

• If the overall contribution of a site is deemed to be sufficiently diminished to call into ques-
tion its continued presence in the network, the site will be informed immediately in writing. 
They will be given six months to form a capabilities recovery plan. Should this plan be ac-
cepted, the site will have no more than two calendar years from its acceptance to imple-
ment agreed key aspects. If not achieved, the site will be suspended with an invitation to 
submit anew after problems are remedied. 

• GRUAN sites may request the temporary suspension of some or all of the measurement pro-
grammes e.g. in case of unforeseen budget limitations, non‐availability of personnel or some 
other unavoidable circumstance affecting the measurement programmes at the site. At 
some later time, should the site request recertification of those measurement programmes 
previously suspended, the standard procedure for certification will be followed. 

The presentation was followed by discussions. Some participants raised a question, if it would be 
possible to update this requirement in order to avoid extra work. After discussions it was noted that 
the auditing is necessary based on the GRUAN documentation.  
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Greg will develop a process for site auditing and will circulate this amongst the Working Group for 
further discussion. 

8.22. An open discussion for sites - Dale Hurst and Belay Demoz to moderate 

Xavier Calbet raised the question on the data rejection criteria. Currently radiosondes are not ac-
cepted as a GRUAN product, if they do not reach above 100 hPa. Most of the data users expressed 
their opinion that data below 100 hPa is very valuable and should not be rejected. Michael Sommer 
noted that the Lead Centre will flag the sondes not reaching 100 hPa, but the data will not be re-
moved from the database. 

Peter Thorne analysed the comments submitted by the site representatives. He noted that the site 
representatives should tell in more detail what kind of support letter they need and also provide in-
formation as to whom the letter should be addressed. 

Marion Maturilli asked if there are any alternatives to the frost point hygrometers, because cryogen 
is difficult to handle at some sites. It was discussed that Snow White could be one possibility, but not 
good at daytime. June Wang asked if RR01 could provide an economical solution. It was discussed 
that at the moment RR01 is not ready yet. However, RR01 has a lot of potential as shown by the 
measurements at several GRUAN sites. The RR01 sonde can be developed further in order to be-
come a reliable UTLS water vapour instrument. Hannu Jauhiainen noted that the RR01 collaboration 
is ongoing. Recently a report was sent out to the collaboration partners. From the manufacturer’s 
point of view it is important to know what level of accuracy will be required. It is clear that RR01 is 
more accurate in the UTLS than the operational radiosondes. 

9. GRUAN connection to partner communities 

9.1. GRUAN interactions with NDACC – Mike Kurylo 

Michael Kurylo presented a number of highlights from this international observations and analysis 
network, which is celebrating 25 years of successful operations. Through publications that will ap-
pear in special issues arranged in three peer-reviewed journals, NDACC scientists will commemorate 
a quarter of a century of global atmospheric research enabled and enhanced by network observa-
tions. Mike emphasized that the NDACC has greatly expanded its focus beyond the primary strato-
spheric issues that drove the design and implementation of its predecessor network (the Network 
for the Detection of Stratospheric Change, NDSC) with the inclusion of both column and profile 
measurements extending well into the troposphere. NDACC presently consists of more than 70 re-
mote-sensing research stations providing consistent, standardized, long-term measurements of at-
mospheric trace gases, particles, spectral UV radiation reaching the Earth's surface, and physical pa-
rameters. Its objectives are centred on the following priorities: 

• Establishing long-term databases for detecting changes and trends in atmospheric composi-
tion, and understanding their impacts on the stratosphere and troposphere; 

• Establishing scientific links and feedbacks between climate change and atmospheric compo-
sition; 

• Calibrating and validating atmospheric measurements from satellites and gap-filling critical 
satellite data sets; 

• Providing collaborative support to scientific field campaigns and to other chemistry and cli-
mate observing networks; and 

• Providing validation and development support for atmospheric models. 

Continued successful contributions to worldwide atmospheric research has required constant Net-
work evolution, and the oversight of such growth is a major responsibility of the NDACC Steering 
Committee, which meets annually. 
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Mike Kurylo’s presentation focused on recent implementations and activities presented and dis-
cussed at the October 2015 Steering Committee meeting that are pertinent to its partnership with 
GRUAN. These included a summary of Data Host Facility issues facing a mature and growing net-
work. Public release of all NDACC data now occurs within one year of acquisition and the DHF now 
has a dedicated directory for the submission of Rapid Delivery Data for use in special projects. An 
invigorated Theory and Analysis Working Group is working proactively with the Instrument Working 
Groups (IWGs) in an effort to provide a bridge between measurements obtained at the individual 
NDACC stations and the global perspective. Simulated station data are being produced to provide a 
better understanding of station data variability and representativeness. These model simulations will 
help set priorities for network expansion and/or instrument relocation while building on GRUAN RP-
4: Outcomes of the GRUAN Network Expansion Workshop. A preliminary work plan from the newly 
formed Combining Trace Gas Data Theme Group was outlined. This is a joint activity between NDACC 
and several of its Cooperating Networks. 

The status of an NDACC-wide Water Vapour Measurement Strategy being developed by a corre-
sponding Theme Group was next detailed. Mike listed a number of strategic considerations that 
must be considered in this development and emphasized that cooperation with GRUAN is essential. 
While complete instrument duplication within NDACC and GRUAN is probably not necessary, overlap 
in the “climate critical” region of the atmosphere is essential. 

The bulk of the presentation focused on NDACC’s consideration of the level to which centralized da-
ta processing could be achieved for the various instrument types (Dobson/Brewer, FTIR, lidar, Mi-
crowave, radiosondes, UV/Visible, and Spectral UV). This issue is a matter of primary consideration 
within the NDACC IWGs, first taking into account unique instrument aspects and their maturities and 
the potential for algorithm harmonization. Mike discussed the need to balance the positive aspects 
of such centralization with a number of issues and concerns. He highlighted various activities within 
each of the IWGs in moving forward, including participation in several international projects focusing 
on data characterization and harmonization, data processing standardization, and documentation to 
ensure traceability and consistency. The path forward for a network like NDACC, which certifies 
many different PI-developed measurement capabilities, is complex. Initial efforts within each IWG 
continue to focus on the homogenization of data reporting and processing. GRUAN developments 
and decisions (particularly in the area of the certification of a water vapour data product) will be 
closely followed. 

Mike Kurylo ended his presentation by mentioning an ongoing redesign of the NDACC web site for 
easier access to both measurement and model data. On behalf of the NDACC Science Team, its 
Steering Committee, and the Steering Committee Co-Chairs he thanked GRUAN leadership for the 
continued network partnership and welcomed comments and suggestions for enhancing this rela-
tionship. 

9.2. GRUAN interactions with MeteoMet - Graziano Coppa 

Graziano Coppa reported on the GRUAN interactions with MeteoMet. The aim of the presentation is 
illustrating the ongoing cooperation between the metrological and meteorological communities, 
aimed at the development of innovative, robust and most accurate methods and systems for cali-
brating meteorological instruments to be used for radiosounding by GRUAN and the atmospheric 
meteo community. 

According to the Strategic Research Agenda of EURAMET, the European Association of Metrological 
Institutes, metrology has a critical role to play in monitoring, understanding and predicting climate 
change, and in enabling the enforcement of EU policies in environment. This vision is shared by 
BIPM, the International Bureau of Weights and Measures, which in 2010 signed a Mutual Recogni-
tion Agreement with WMO which strengthened the need for cooperation between NMIs and Mete-
orological Institutions. 
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To address this need INRiM and the European Metrological Community launched in 2011 project 
MeteoMet (Metrology for Meteorology), now at its second iteration (MeteoMet 2 – Metrology for 
Essential Climate Variables - 2014). The WP structure of MeteoMet 2 closely follows the GCOS divi-
sion of ECVs in air-, sea- and land- related, in particular for the measurements related to tempera-
ture. 

Working package 1 (air) is the most related to GRUAN activities, since its deliverables include the 
development of metrological procedures to calibrate radiosondes under atmospheric conditions in-
cluding reduced pressures and temperatures; improving atmospheric water vapour measurements 
by measuring enhancement factors under reduced pressure and temperature, spectroscopic tech-
niques (TDLAS, CRDS) as basic standard for traceable atmospheric measurements and as on-site ref-
erence; a traceable calibration source for on-site calibration of airborne instruments; a reference 
instrument for rapid transients of temperature and humidity in air; a new generation of traceable 
humidity sensors based on microwave resonators with low response time and small size. These de-
liverables are in different stages of completion, but all of them will be completed by mid-2017. 

Previous cooperation between MeteoMet and with GRUAN include the Ny Ålesund campaign of 
2014 in cooperation with the Alfred Wegener Institute, when a portable climatic chamber developed 
and built at INRiM (EDIE-1) was used to calibrate temperature sensors used to ground-check radio-
sondes at the Arctic base. 

2016 is a key year for the continuation of this fruitful cooperation since a EURAMET EMPIR call for 
environmental projects is taking place. The European metrological community, led by Tom Gardiner 
of NPL, presented a Potential Research Topic called “Metrology for Key Climate Regions”, with some 
of the aims being of great interest for GRUAN, such as the establishment of an Arctic metrology facil-
ity, to directly link metrological traceability to on site environmental measurements, or providing 
new climate reference data methodologies for key upper atmospheric measurement techniques in-
cluding uncertainty assessment, traceability chain and metadata requirements. 

These and other issues can be discussed in person at the second MMC conference (Metrology for 
Meteorology and Climate) which will take place in Madrid, 26-29 September 2016 in conjunction 
with CIMO-TECO, to which the GRUAN community is invited to participate. 

Tom Gardiner stressed that the “Metrology for Key Climate Regions” proposal is still in early stages 
of evaluation and we should have an evaluation by May. 

June Wang asked for some clarification about the EDIE-1 climatic chamber that did the calibration 
campaign in Ny Ålesund: we explained the characteristics of the chamber and that it can be used for 
calibration of different kind of instruments. We also mentioned the possibility to have a new speci-
men, EDIE-3, with slightly different sizes and characteristics for extended operation. 

9.3. GRUAN’s interactions with the WIGOS metadata task team - Fabio Madonna 

In his talk Fabio summarized measurement metadata collection activities currently ongoing into 
frame of GAIA-CLIM WP1 “Geographical capabilities mapping”. Experience in using WIGOS and ESA-
CCI metadata formats in the frame of GAIA-CLIM H2020 project has allowed to come up with the 
following impressions on these two formats: 

WIGOS format advantages are: 

• Compliant standard made by WMO; 

• Very precise scheme and quite homogeneous rules to fill in the metadata file;  

• Reducing the “degrees of freedom” in the metadata collection. 

Drawbacks are: 

• List of variable and networks not omni-comprehensive; 

• Many relevant fields left as “free string variables”, like uncertainty, spatial extent, ……; 



48 
 

• The sub-domain and the measured variable within the WIGOS format have not the same 
definition as in GAIA-CLIM (and GRUAN too) and not all the ECVs considered within the 
project are in the WIGOS list; 

• The format is too much driven by surface meteorological data, e.g. not often efficiently ap-
plicable to other ground-based remote sensing techniques. 

ESA-CCI format advantages are: 

• It is in NetCDF format, well-known, easy to read with many tool and compilers; 

• The format is closer to what is typically used within the ground based measurements 
community; 

• The format is compliant to CF1.6 convention, in line also with the modellers’ standards 
(and expectations). 

• There is a large flexibility in the number of variable defined. 

Drawbacks are: 

• A very free structure, there’s well defined variables but not precise rules to fill in the 
metadata (minimum number of variables, what is mandatory, what is optional, ….), left in 
the hand of the data providers. 

WIGOS and ESA-CCI format have been intercompared: it looks very difficult to reconcile the two 
formats, they are pretty different and their merging looks challenging (from a formal point of view 
any reconciling looks impossible). Anyhow, it is also important to consider modellers’ and not WMO 
expectations. GAIA-CLIM assessment and comparison of the metadata format will continue until 
September 2016. Solution adopted for now within GAIA-CLIM is likely to ingest all the different 
metadata formats in order to create a “unified list” of information that should allow the users to re-
trieve the measurements metadata in the desired format (e.g. WIGOS or CF1.6). 

The dialogue with WIGOS will continue to provide them with (hopefully) useful feedbacks in support 
of the WIGOS-OSCAR implementation over the next two years. Communication with WIGOS is now 
regular and efficient. Following the request of attendees an interaction with GEOMS will be estab-
lished. WMO representatives have clarified that WIGOS is a core metadata profile able to describe 
metadata for thousands of stations around the world but requires extensions to higher level of com-
plexity for the metadata as required to describe GRUAN metadata.  

9.4. Strengthening GRUAN’s connection to GUAN – Roger Atkinson 

At the WIGOS Pilot Project Meeting on GRUAN Observing Practices and Governance, Geneva, 25-27 
January 2012, it was noted that, while GRUAN research was seen by WMO to be strong, improve-
ments were needed in terms of its connection to its governing bodies, in the flow of information on 
best practice being conveyed back to other WIGOS upper air observing networks, and in the efforts 
being made to deliver data from the GRUAN network via WIS in near real time so that it could bene-
fit all of WMO's applications areas. 

Since then, significant GRUAN performance improvements have been witnessed across the board, 
with GRUAN data and practices now generating broad benefits for the WIGOS community. As well as 
continuing with its excellent research into upper air data quality improvements, GRUAN is encour-
aged to continue to develop this WIGOS stakeholder focus. 

9.5. Follow-up discussion by Science Coordinators - Richard Querel and Tom Gardiner 

Tom Gardiner presented an update on the science coordination (SC) activities that were planned by 
the SCs (Tom Gardiner and Richard Querel) following the discussions that had taken place during the 
ICM. The general activities included would follow a more pro-active approach, mainly focussed on 
following up on general email with groups focussed on two specific topics – the RS92/RS41 change-
over and SASBEs. A summary of current status on these will be prepared for those not at ICM, fol-
lowed up with telecons on each topic. In addition, a list of potential short-term research topics will 
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be put together, together with information on planned (and desired) research activities of groups 
across the network. The best options for dissemination of this information will be discussed with the 
Lead Centre, focussing on the new website, and establishing an ‘active researcher’ distribution list. 

It was also proposed that the SC role should be reviewed at the next ICM, covering general issues 
such as the timescale for the position and the effectiveness of the SC activity. 

In terms of the RS92/RS41 change-over, the SCs will work with the Lead Centre, TT-Sites, Alessandro 
Fasso and others focussed on the synthesis of individual site results to provide network-wide conclu-
sions. The aim will be to identify short-term research topics to address specific questions, such as: 
the impact of different RS92 analysis algorithms on intercomparison results (current GRUAN, updat-
ed GRUAN with new solar correction, Vaisala); and the potential benefits of additional data sources 
(ancillary measurements, frost point sondes, satellite/RO data, NWP analyses) in assessing site-
specific differences and combined network conclusions. 

The SASBE activity will aim to develop test cases and models to address specific science questions, 
such as: 

• What form should SASBE take? e.g. Optimised/focussed SASBE targeted on specific events 
(overpasses) with max info / min uncertainties; and/or a continuous re-analysis SASBE with 
time-evolving uncertainties as data is fed in. 

• How should ancillary data be used, including consideration of the trade-off of averaging 
time vs signal to noise/uncertainty (with different requirements for different applications)? 

• How should co-locations uncertainties (spatial and temporal) be quantified and included? 

In order to deliver this work it is proposed to re-focus/refresh the Scheduling Task Team activities 
and membership to address SASBE issues.  

9.6. GRUAN interactions with GNSS-RO - Rob Kursinski 

Rob Kursinski presented a summary of research activity related to GPS RO and the Active Tempera-
ture, Ozone and Microwave Spectrometer (ATOMMS).  

Several GPS RO groups are developing an approach to reduce biases in the high altitude refractivity 
profiles caused by the Abel transform’s nonlinear response to bending angle noise. The new ap-
proach is to first average many high altitude bending angle profiles before converting that average 
bending angle profile to an average refractivity profile (Ao et al., GRL2012). Rob also reported on an 
ongoing effort led by the JPL GPS RO group to develop a single frequency ionosphere correction that 
would enable GPS RO profiles from the full 22 months of the GPSMET mission from April 1995 to 
February 1997 that would extend the length of GPS RO data for estimating climate trends. 

Rob provided an update on GPS RO water vapour results derived from COSMIC, summarizing in the 
method of Kursinski and Gebhardt (JAOT2014, doi: 10.1175/JTECH-D-13-00233.1) that deconvolves 
the error distribution from GPS RO derived specific humidity histograms without using a prior guess 
on the water vapour field. These histograms were generated for 30S-30N 2007 at three levels: 346, 
547 and 725 mb. The resulting histograms differ significantly from histograms derived from the 
1DVar GPS RO retrievals and the AIRS version 5 and 6 water vapor retrievals. The resulting decon-
volved GPS histograms reveal higher percentages of extremely low specific humidity than any global 
analysis or climate model estimates. On the extreme wet end of the histograms, only the NASA 
MERRA analyses show larger percentages than GPS RO at the 346 and 547 mb levels.  

Rob summarized a recently accepted paper by Brogniez et al. (AMT/9/2207/2016, doi:10.5194/amt-
9-2207-2016), which describes inconsistencies between observed and calculated radiances near the 
183 GHz water vapour absorption line. Results from the ATOMMS mountaintop measurements 
(Kursinski et al. 2016, http://dx.doi.org/10.1117/12.2224038) suggest the problem is a spectroscopic 
model line shape problem. 

http://dx.doi.org/10.1117/12.2224038
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A final point was made about the challenges of validating ATOMMS mountaintop measurements. 
We showed that because of the large variations in water vapour along the 5.4 km path between the 
two ATOMMS measurements, validation to the 1% uncertainty of the ATOMMS measurements 
would require that in situ measurements with 1% uncertainty be placed every 13 m along the 5.4 km 
path. This indicates the rather extreme challenge that water vapour variability poses for comparing 
and validating very low uncertainty water vapour measurements that are not collocated in space 
and time. 

9.7. Remarks from GCOS - Caterina Tassone 

Caterina Tassone presented an update of GCOS. She briefly introduced the connection between 
GRUAN and GCOS, with the GRUAN Working Groups reporting to AOPC and getting guidance from 
AOPC. This is done in a formal way, with the reports from the ICMs being submitted to AOPC and 
actions for GRUAN being included in the GCOS Implementation Plan, but also on a more in-person 
basis, as the GRUAN chair, Peter Thorne, is a member of the AOPC panel. 

GCOS is going to produce a new Implementation Plan (IP). The IP will incorporate input from the 
GCOS steering committee of 2015, from the Status report, from the panels meetings, from the GCOS 
Open Science Conference and from UNFCCC Needs from Paris Agreement. 

The Status report was published in October 2015 and provides a basis for the new GCOS IP. It de-
scribes how well climate is currently being observed, where progress has been made, where pro-
gress is lacking or where deterioration has occurred. The overall conclusion of the 2015 status report 
is that the global observing system for climate continues to progress nevertheless falling short of 
meeting some essential requirements for observationally based climate information. The Status Re-
port assesses the progress made by GRUAN and indicates that good progress has been made in 
completing the action from the 2010 IP. However, it notices the absence of stations in mainland Afri-
ca and in South America. 

The first GCOS Open Science Conference was held in Amsterdam on 2-4 March 2016, one of its pur-
poses being to collect community’s views as input for the IP. 

Covered themes included contributions that highlight the relevance of observations to climate sci-
ence, adequacy of the current global climate observations, and planning for future global climate 
observations. Important points made at the conference and of relevance for the IP are the need of 
continuing in-situ observations and of developing a suite of indicators to describe other impacts of 
climate change, like heating of the ocean, rising sea level and ocean acidity; the need of observations 
of ocean and land surface stress, latent heat flux and sensible heat flux and also the emerging neces-
sity of including biology in any description or modelling of the climate system. 

Within the new IP, there are three actions assigned to GRUAN. The first calls for the continuation of 
implementing GRUAN observations, and GRUAN Implementation Plan can be considered GRUAN’s 
response to this action. The other two actions are more specific and call for expansion of the num-
ber of GRUAN sites measuring in the UTLS and the development and deployment of technologies to 
measure in-situ profiles of radiation. 

Most of the drafting of the IP has been taking place during the panels meetings and the writing team 
will meet at the end of May to draft a final version of the IP. The IP will go out for limited review (in-
cluding WMO, Technical Commissions and RAs) in June and for public review in July, will be present-
ed at the GCOS steering committee in October and finally submitted at the COP22 in November 
2016. 

9.8. GRUAN interactions with WMO Observing Systems - Stuart Goldstraw 

Stuart Goldstraw presented  
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9.9. GRUAN interaction with radiosonde manufacturers - Hannu Jauhiainen 

The theme “GRUAN Interaction with Radiosonde Manufacturers” was addressed by the meeting’s 
HMEI representative, Hannu Jauhiainen. GRUAN as part of WMO/GUAN has become an established 
network requiring long-term high-quality upper air observations for climatological needs. For the 
radiosonde manufacturers, GRUAN defines scientifically-based key measurement parameters and 
their target specifications for the measurement accuracy in climatological observations. In addition, 
GRUAN defines a set of specific requirements related to radiosonde operation, data and technical 
documentation. When taking a new radiosonde data product into use, an overlapping observation 
period is needed. All these requirements can be used as input when manufacturers plan and develop 
their product offering.  

Important information sources to the manufacturers are GRUAN and GCOS web sites and, in specific, 
reports GCOS-171 (WIGOS GRUAN Guide) and GCOS-171 (WIGOS GRUAN Manual). Yearly ICM-
meetings with also HMEI and manufacturers’ participation provide the latest updates of the status of 
GRUAN. The development of the actual GRUAN radiosonde data product is done in co-operation 
with the GRUAN Lead Centre and partners, as national GRUAN representatives and Data Processing 
Centres. Important issues amongst others are: 

 What are the parameters to be measured and at what accuracy? 

 Data content and data format 

 Required metadata 

 Guidelines regarding the procedure for ground check records prior to launch 

 Channel to send the data from the observatories to the GRUAN data processing centres 
(GRUAN Lead Centre or co-operating National Meteorological Institutes) 

Laboratory tests for GRUAN radiosonde characterization are performed at the GRUAN Lead Centre. 
The feedback of the tests is also given to the manufacturer in question and the results are discussed. 
At the testing phase there may also arise a need for technical product information from the manu-
facturers. Interaction between the manufacturer, the Lead Centre and the partners continues during 
the flight tests phase and the documenting phase. Also, there may be GRUAN sites directly involved 
in the new GRUAN data product development phase and later.  

Based on a small-scale review of manufacturers (the ones whose data appendices were among the 
agenda items of the meeting), co-operation with other GRUAN stakeholders was considered to be at 
a very good level. At the same time, there was an attempt to find out possible improvement areas in 
the interaction between the manufacturers and GRUAN. One identified area was more comprehen-
sively written instructions related to radiosonde certification. However, this is already an on-going 
action by the Lead Centre in the form of “The overarching Radiosonde Technical Document and Ra-
diosonde Specific Appendices.” This information will be useful to the manufacturers when they de-
velop new radiosonde data products to GRUAN use. 

9.10. The GRUAN video – Greg Bodeker 

Greg Bodeker showed the semi-final version of the GRUAN video to the attendees and asked for 
comments and suggested changes. A number of changes were suggested. The target completion 
date for the video is 31 May 2016. Additional material and accompanying narrative sent to Greg by  
15 May 2016 will be considered for inclusion in the video. The video is available at {Michael to pro-
vide the link} for further viewing. 

10. GRUAN logistics and operational procedures 

10.1. Working Group membership discussion – Greg Bodeker 

At the time of ICM-7, a discussion was initiated following a request from Dian Seidel regarding fixed 
terms for GRUAN Working Group membership and the composition of the Working Group. A Google 
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Docs document was subsequently established and people were asked to comment on what was be-
ing proposed. The two separate issues that need to be addressed were: 

1. What should be the composition of the Working Group? 

2. What should be the terms of the membership of the Working Group? 

Greg proposed a new structure for the Working Group that is summarised in Figure 1 below. 

This new structure is up for further discussion.  

The proposed new Working Group terms are: 

 Co-chair positions are for one 4-year period. Additional terms require a 2/3 majority support 
of both AOPC and the Working Group members (yellow and orange in Figure 1). Replace-
ments staggered by 2 years so that both co-chairs do not change at the same time. Co-chairs 
can remain on the Working Group after retirement if there is a ‘slot’ available. 

 Working Group positions are for one 4-year period with a possible extension to a second 4-
year period at the discretion of AOPC and Working Group co-chairs. Therefore, 3 Working 
Group members need to be replaced or reappointed annually. Slots must be filled! 

 Task team co-chair positions are for one 4-year period. Additional terms require the support 
of the Working Group co-chairs and task team members. Replacements should be staggered 
by 2 years so that both co-chairs do not change at the same time. 

 Science Coordinator positions are for one 4-year period. Additional terms require the sup-
port of the Working Group co-chairs and task team members. Replacements should be stag-
gered by 2 years so that both Science Coordinators do not change at the same time. 

A document summarizing these outcomes will be circulated for further discussion. 

 

Figure 1: The proposed new structure for the Working Group on GRUAN for further discussion. Yellow and 
orange cells denote appointments that are suggested by the Working Group (except for the co-chairs) while 
cells with a red background denote positions that are dictated externally. 
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10.2. The new GRUAN web page and other tools to coordinate Working Group communication – 
Michael Sommer 

Michael presented the draft version of the new GRUAN website. One of the major improvements of 
the new GRUAN website is that it is no longer part of the overarching DWD website, but that it is a 
separate website that is hosted on an independent server. The new website offers a modern and 
responsive design which allows easy and comfortable browsing when viewed on desktop computers, 
tablets and smartphones. 

The new website offers interactive elements, like a forum and the option to comment or add con-
tent. Furthermore the website will offer dynamic content, such as access to the GRUAN database, 
and last but not least, the website will be easier to maintain and manage, which is a big advantage 
from the administrators point of view. 

Michael stressed that the new design is not set in stone, and that he welcomed feedback and would 
be happy to incorporate changes. Therefore, all attendees were invited to browse the new website 
and provide feedback and suggestions. Michael highlighted several features of the navigation bar. 

The website gives a clear and intuitive overview of GRUAN's structure, i.e. separate sections for the 
Working Group, Lead Centre, Task Teams, Sites and Science Coordinators. An important new feature 
of the website is that if offers restriccted domains for registered users, allowing for e.g. WG-internal 
communication. Michael showed how the navigation to the archive (files, meta data, data products 
and software) was organized.The document section is to be a knowledge base for everything rele-
vant to GRUAN, such as: 

 official documents by WMO, WIGOS, GCOS and GRUAN 

 peer-reviewed articles 

 documentation on measurement systems (radiosondes, CFH, lidar, MWR etc. 

At the end of his presentation Michael again invited the attendees to test the new website and to 
provide feedback 

10.3. Outcomes of the WIGOS/GRUAN meeting November 2015 – Greg Bodeker 

The purpose of the meeting was to first have a one day ‘GRUAN science’ day where various people 
at WMO could be informed on progress that had been made in GRUAN. The second day was to dis-
cuss the more operational aspects of GRUAN both with the GCOS Secretariat and with WMO (i.e. 
WIGOS, CIMO, CBS). The meeting was held on 17 and 18 November 2015 at WMO Headquarters in 
Geneva. The participants included Peter Thorne, Greg Bodeker, Ruud Dirksen, Albert Klein Tank 
(vice-chair of AOPC), Carolin Richter (Director, GCOS Secretariat), Tim Oakley (GCOS Network Man-
ager), Simon Eggleston (GCOS Scientific Officer for Terrestrial Observation Panel for Climate), Geir 
Braathen (Senior Scientific Officer for Atmospheric Environment Research Division), and Luis Nunes 
(WIGOS Scientific Officer). The following specific actions arose from the meeting: 

1. Such GRUAN Science Meetings should be held on a regular basis (at least biennially), possi-
bly based on a WMO Technical Commission meeting. 

2. GRUAN to submit an abstract to the GCOS Science Conference. 

3. GRUAN to be represented at the WMO Technical Commissions. Try to organize a side event 
at the upcoming CIMO TECO in Madrid, 26-30 September 2016. 

4. GRUAN will prepare a paper on “Tiered System of Systems approach” to be submitted to 
WIGOS, as a GCOS contribution to WIGOS. 

5. Concept of Tiered System of Systems approach to be discussed at ICG-WIGOS. 

6. H2020 project Gaia-Clim is generating metadata (WIGOS standard) for tiered networks by 
Sept 2016. The project output should be considered as a contribution to WIGOS. 

7. GCOS to facilitate WMO programme attendance at GRUAN ICM-8.  
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8. D/GCOS to discuss with WMO/OSD on CBS recognition of GRUAN as a network. 

9. Encourage the Lead Centre as part of the redesign of the GRUAN website at DWD to include 
all relevant documentation for public access. 

10. GRUAN has developed a number of measurement and processing procedures which need to 
be recognized by CIMO and CBS and included into the relevant manuals. 

11. GRUAN and GAW working together. Geir will investigate the possibility of GRUAN represen-
tation on GAW-Ozone SAG. 

12. Paper on collaboration of different networks, GRUAN, SHADOZ, NDACC, TCCON, and GAW, 
to be led by Peter and Greg, to stimulate discussions among the networks. Proposed that 
this would be a future contribution to WIGOS. 

13. Draft 2-page document on change management on the replacement of RS92. Should include 
options of increasing complexity. GRUAN will draft a straw man proposal. Tim will consider 
this from a GUAN perspective and circulate it to a wider community. AOPC will be asked to 
endorse the proposal in April 2016. 

14. Greg to draft a paper on the possibility of stations providing extra flights when a satellite 
overpasses. Carolin to submit to CEOS WG Cal/Val. 

15. Tim to propose a list of stations to be removed from GUAN and to discuss the process at 
AOPC. 

10.4. Outcomes of GAIA-CLIM and interface to GRUAN – Peter Thorne 

Text to come here… 

10.5. General discussion on Technical Documents and next steps – Ruud Dirksen lead 

Text to come here… 

10.6. The new GRUAN IP - Peter Thorne 

Text to come here… 

10.7. The GRUAN work plan for 2016/2017 – Peter Thorne 

The meeting closed with a review of the work plan for 2016/2017. Agreed actions are summarized in 
Appendix C: 2016/2017 Action Items. 

10.8. Close – local hosts and co-chairs 

The meeting was closed by the co-chairs and the local host who thanked the attendees for their par-
ticipation. 
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Appendix A: Acronyms 

CNR Consiglio Nazionale delle Ricerche – Italian National Research Council 
DOI Digital Object Identifier 
ECMWF European Centre for Medium-Range Weather Forecasts 
FTIR Fourier Transform InfraRed 
GCOS Global Climate Observing System 
GFZ GeoForschungsZentrum 
GPSRO GPS radio occultation 
GRUAN GCOS Reference Upper-Air Network 
GUAN GCOS Upper-Air Network 
GSICS Global Space-based Inter-calibration System 
GTS Global Telecommunication System 
IASI Infrared Atmospheric Sounding Interferometer 
MLS Microwave Limb Sounder 
NDACC Network for the Detection of Atmospheric Composition Change 
NIST National Institute of Standards and Technology 
NOAA National Oceanic and Atmospheric Administration 
NRT Near Real Time 
NWP Numerical Weather Prediction 
OSCAR Observing Systems Capability Analysis and Review 
SASBE Site Atmospheric State Best Estimate 
SHADOZ Southern Hemisphere ADditional OZonesondes 
WIGOS WMO Integrated Global Observing System 
WIS WMO Information System 
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Appendix B: Achievements of ICM-7 action items 

Green Completed 
Orange Partially completed 
Red Not completed 
Black Unknown / superseded by events 
 

Action Owner Due Status  

High Priority Items 

Technical note outlining the process that 
will be undertaken to certify a new program 
at a site with an existing certified measure-
ment program 

WG Chairs, TT Chairs, 
Lead Centre 

Jun 
2015 

 

Produce a Technical Note highlighting the 
steps that must be achieved for a GRUAN 
product to be accepted (‘certified’) and re-
leased. WG to review criteria for acceptance 

WG Chairs, TT Chairs, 
Lead Centre, Holger 
Vömel 

Aug 
2015 

 

All sites with capability to report BUFR over 
GTS in NRT. Advice and tech. support to be 
provided by LC / WMO / GCOS on a site by 
site basis to all certified and candidate sites 
not currently reporting BUFR to attempt to 
enable. In first instance LC to ascertain sta-
tus for each site as to why not reporting 
BUFR to GTS and advise Tim Oakley and 
Roger Atkinson. 

Lead Centre, GCOS, 
WMO, TT Sites 

Sep 
2015 

Sept 2015 for initial re-
ports for each site to Tim 
and Roger. 

ICM-8 for all sites with 
capability to be reporting 
BUFR 

Define strategy and necessary steps to un-
dertake transition from RS92 to another 
sonde model. Produce GRUAN report on 
strategy and rationale including inter-alia: 
Sharing the burden  

 Role of ancillary measurements  

 Plans for parallel measurements  

 Ensuring competition in marketplace  

Lead Centre, TT Radio-
sondes, TT Sites, WMO, 
GCOS 

Oct 
2015 

 

An assessment of the advantages and dis-
advantages of manual vs. autosonde 
launches written up and submitted to the 
peer reviewed literature 

TT radiosondes Mar 
2016 

 

Lead Centre to work with sites not attaining 
regularly 10hPa to understand why and help 
improve situation. Short report from each 
affected site at ICM-8  

Lead Centre, TT Sites Apr 
2016 
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Remaining Action Items 

Please send relevant funding calls to the 
science coordinators so that they can dis-
seminate to relevant parties and cajole to 
get GRUAN partners cooperating in pro-
posals  

Science Coordinators  Some involvement in EU 
H2020 Arctic call but be-
yond that unknown 

Produce a quarterly 2-page newsletter for 
dissemination to the community email list 
to be sent by Lead Centre 

Greg Bodeker, Emma 
Scarlet (now Nicky 
Brookes), Science Co-
ordinators 

Quar-
terly 

 

Finalize and publish the GRUAN brochure  Greg Bodeker Apr 
2015 

 

Letter of support for closer collaboration 
between CNR and Italian Met Service in 
support of Potenza site and broader Italian 
UA program  

WG Chairs, Potenza, 
Secretariat 

May 
2015 

 

A short GRUAN report detailing the process 
implemented to provide feedback of obser-
vation minus background fields to the 
GRUAN Lead Centre  

David Tan, Lead Centre Jun 
2015 

Superseded by GAIA-CLIM 
and David’s leaving 
ECMWF (maybe only tem-
porarily)  

GRUAN information event at WMO con-
gress to include presentations from PRs and 
handing of certificates.  

Lead Centre, GCOS sec-
retariat, with input 
from WG Chairs 

Jun 
2015 

 

Prepare and disseminate promotional video 
for GRUAN. Site reps to send segments to 
Greg. 

Greg Bodeker, Lead 
Centre, TT sites 

Aug 
2015 

 

A document detailing the operational chal-
lenges related to multi-payload soundings 
submitted either to peer reviewed literature 
(first choice) or to WG-GRUAN for review as 
a GRUAN report 

TT radiosondes, NOAA 
NWS, TT sites 

Sep 
2015 

 

Manuscript describing the derivation of un-
certainty estimates for GNSS-PW measure-
ments submitted to a peer reviewed journal 

TT GNSS-PW Sep 
2015 

 

Extend trend sensitivity studies to strato-
spheric water vapour 

TT Scheduling Sep 
2015 
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Each site to produce first version of photos 
to document seasonal and long term site 
changes (regular e.g. semi-annually from 
stated locations / daily webcam shots etc. 
as appropriate to their specific case, and ‘on 
change’). Uploaded to GRUAN website. LC 
to instigate mechanism to remind sites. 

TT Sites, Lead Centre Nov 
2015 

 

Develop first draft of GRUAN radiosonde 
generic technical document omnibus 

Lead Centre, Task Team 
Radiosondes, Greg 
Bodeker, but also in-
clude some non-
instrument experts, 
WMO ET can review 

Nov 
2015 

 

Develop GRUAN data product and pro-
cessing stream for Modem radiosondes. 
First draft of technical document describing 
processing streams for all Modem radio-
sondes 

CNRS, Lead Centre, TT 
Radiosondes 

Nov 
2015 

 

Lead Centre and US National Weather Ser-
vice Sterling facility to meet in person to 
discuss collaboration and advise Working 
Group 

Lead Centre, NWS, 
broader NOAA contin-
gent 

Nov 
2015 

 

Technical Note on the appropriate tech-
niques for manufacturer independent 
ground checks using the SHC. Paper submit-
ted to peer review documenting scientific 
rationale 

Lead Centre Dec 
2015 

 

Technical documentation for GRUAN lidar 
stream (lidar Guide) submitted for review by 
WG-GRUAN 

TT Ancillary measure-
ments 

Dec 
2015 

 

Develop frostpoint hygrometer GRUAN data 
products. Guidance needs to account for 
operation of CFH, NOAA FPH. Paper submit-
ted to a peer reviewed journal. 

TT radiosondes Dec 
2015 

 

Develop a GRUAN GNSS-PW product. Tech-
nical documentation completed for 
GNSSPW measurements (GNSS-PW Guide)  

TT GNSS-PW Dec 
2015 

 

Develop a GRUAN ozonesonde data product 
in consultation with NDACC and GAW. 
Completed technical documents  

Greg Bodeker, Lead 
Centre 

Dec 
2015 
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Revise the RS92 data stream based upon 
feedback received - revised version 3 re-
lease including qc flags vectors and data in 
different vectors (good, questionable, miss-
ing), including implementation of perfor-
mance feedback. Validate new radiation 
correction using ancillary measures to build 
confidence (paper). Document v3 appropri-
ately.  

Lead Centre, TT radio-
sondes, TT ancillary 
measurements  

Mar 
2016 

 

Technical documentation completed for 
frostpoint hygrometer measurements. In 
first instance send existing documentation 
to Greg Bodeker.  

TT radiosondes Mar 
2016 

 

Determine how best to work with NDACC 
and GAW to bring in measurements of aero-
sol properties into GRUAN. Produce short 
document outlining a proposed strategy.  

WG Chairs, WG mem-
bers, TT ancillary 
measures, Potenza, 
EARLINET  

Mar 
2016 

 

Define the GNSSPW data collection client 
requirement, initiate data flow  

Lead Centre, TT 
GNSSPW, TT Sites 

Apr 
2016 

 

Presentation(s) at ICM-8 summarizing strat-
egy for dealing with transition from RS92 
and initial analyses and implications  

Lead Centre, TT Radio-
sondes, TT sites 

Apr 
2016 

 

Redraft IP to be more a strategic plan doc-
ument, perhaps with a somewhat longer 
timeframe but only milestones, not deliver-
ables, to avoid dating issues. Draft docu-
ment ready by ICM-8 for review and discus-
sion. 

WG Chairs, Lead Cen-
tre, TT Chairs 

Apr 
2016 

 

Define the ozonesonde data collection cli-
ent requirement, identify the central data 
processing facility, and initiate data flow  

Greg Bodeker, Lead 
Centre 

Apr 
2016 

 

Investigate how GRUAN uncertainties could 
be transmitted over BUFR and how BUFR 
tables would require modification to enable 
this. Report at ICM-8. 

GCOS Network manag-
er, CBS, WG Chairs 

Apr 
2016 

 

Demonstration study of SASBE to include 
impacts of arbitrary mix of observations and 
spatial/temporal mismatch in context of 
climate monitoring and SAT Cal/Val; focus 
on temperature, H20 vapor profile and un-
certainty propagation (using SIGMA ap-
proach to define parameter- and site-
specific mismatches). 

TT ancillary measure-
ments 

Apr 
2016 

Unknown 
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Periodic science review of network expan-
sion priorities and progress. Report to ICM-8 

Greg Bodeker Apr 
2016 

 

GRUAN official launch event / celebration 
including some short relevant presentations 
and possibly posters. To be held at ICM-8 
which will take us back to our roots where it 
all started. 

Working Group, Lead 
Centre, TT Sites 

Apr 
2016 

 

Manuscript(s) detailing operational consid-
erations for controlled descents for frost-
point hygrometers submitted to a journal or 
detailed in a GRUAN Report 

TT radiosondes May 
2016 

This may be mis-specified. 
Wasn’t this about radio-
sondes and not specifically 
frostpoint hygrometers? If 
so its completed! 
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Appendix C: 2016/2017 Action Items 

 Action Owner Due 

High priority actions 

1 An assessment of the advantages and disad-
vantages of manual vs. autosonde launches writ-
ten up and submitted to the peer reviewed litera-
ture. 

Note: This was a high priority action last time 
around. See no reason to change that. 

TT Radiosondes June 2017 

2 A document detailing the operational challenges 
related to multi-payload soundings submitted ei-
ther to peer reviewed literature (first choice) or to 
WG-GRUAN for review as a GRUAN report. To be 
augmented by quantitative analysis of existing 
multi-payload flights. 

TT radiosondes, NOAA 
NWS, LC, TT sites, Sci-
ence coordinators  

Mar 2017 

3 Develop first draft of GRUAN radiosonde generic 
technical document omnibus 

Lead Centre, Task Team 
Radiosondes, but also 
include some non-
instrument experts, 
WMO ET can review 

Nov 2016 

4 Revise the RS92 data stream - revised version 3 
release including qc flags + data in different vec-
tors (good, questionable, missing), including im-
plementation of performance feedback to the 
sites. Validate new radiation correction using an-
cillary measures to build confidence incl. GAIA-
CLIM NWP feedback. Document v3 appropriately 
in peer-reviewed literature. 

Lead Centre, TT radio-
sondes, TT ancillary 
measurements  

Mar 2017 

RS92 Transition Actions 

5 Put in an intensive observations campaign pro-
posal to ARM to run dual launch programs at their 
sites of RS92 and RS41 to help quantify the effects 
for 1 year. 

Greg Bodeker, Peter 
Thorne, Ruud Dirksen, 
Doug Sisterson, Lori 
Borg, Tony Reale, TT 
sites 

May 2016 

6 Initial analysis of current dual launch data to be 
reported to GRUAN ICM-8 participants by email. 

Alessandro Fasso, LC June 2016 

7 Lead Centre to ascertain consistency or otherwise 
of payload configurations being undertaken by 
sites performing a dual sounding program and 
make a recommendation as to how to set the rigs 
to assure comparability to extent possible. 

LC, TT sites June 2016 

8 Lead Centre to work with BoM to instigate an in-
tercomparison campaign for RS92-RS41 transition 
at the tropical Darwin site 

LC, BoM, TT radio-
sondes 

Jul 2016 
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9 Lead Centre to provide guidance on when and 
under what conditions to undertake flights if not 
to a regular schedule. Night / day / cloud / clear, 
informed by early lab results. Including providing 
schedules for ‘golden’ launch times with polar 
orbiters / GNSS-RO 

EUMETSAT, PoC and 
Axel Von Engeln 

Dec 2016 

10 Lead Centre to instigate and populate a database 
of parallel soundings of RS92-RS41, including 
where possible satellite co-locations, raw and 
black-box processed raobs profiles. Served 
through LC and available to GRUAN community 
for analysis. 

LC, TT radiosondes, To-
ny Reale 

Aug 2016 

11 Paper describing the GRUAN change management 
replacement strategy submitted to peer-reviewed 
journal (GI) to increase visibility of effort and 
broad community buy-in. 

LC, TT roabs, WG-
GRUAN 

Sep 2016 

12 Lead Centre and Sterling facility to undertake co-
ordinated lab characterisation of the RS92 and 
RS41. Formal report at ICM-9. 

LC, NWS Sterling Jun 2017 

13 Interim analysis of the radiosonde overlap obser-
vations completed and reported at ICM-9 

LC, TT radiosondes, Sci-
ence Coordinators, 
Alessandro Fasso 

Jun 2017 

14 Interim analysis of the insights that can be bought 
by the use of satellite data to the characterisation 
of the change between RS92 and RS41 based up-
on the paired launches. 

LC, TT ancillary meas-
urements 

Jun 2017 

Items Held Over from ICM-7 Action Item List 

15 All sites with capability to report BUFR over GTS in 
NRT. Advice and tech. support to be provided by 
LC / WMO / GCOS on a site by site basis to all cer-
tified and candidate sites not currently reporting 
BUFR to attempt to enable. 

Lead Centre, GCOS, 
WMO, TT sites 

To be closed by 
ICM-9 

16 Complete and disseminate promotional video for 
GRUAN. 

Greg Bodeker, Lead 
Centre 

May 2016 

17 Extend trend sensitivity studies to stratospheric 
water vapour 

TT Scheduling Dec 2016 

18 Site photo surveys to be uploaded to new web-
site. LC to instigate mechanism to remind sites to 
submit new photos. Several snapshot series avail-
able from each site on web at time of ICM-9 

TT Sites, Lead Centre Jun 2017 

19 Develop GRUAN data product and processing 
stream for Modem radiosondes. First draft of 
technical document describing processing 
streams for all Modem radiosondes 

CNRS, Lead Centre, TT 
radiosondes 

Mar 2017 
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20 Technical Note on the appropriate techniques for 
manufacturer independent ground checks using 
the SHC. Paper submitted to peer review docu-
menting scientific rationale 

Lead Centre, Science 
Coordinators 

Dec 2016 

21 Technical documentation for GRUAN lidar stream 
(lidar Guide) submitted for review by WG-GRUAN 

TT Ancillary measure-
ments 

Dec 2016 

22 Develop a GRUAN GNSS-PW product. Technical 
documentation completed for GNSSPW meas-
urements (GNSS-PW Guide) 

TT, GNSS-PW Dec 2016 

23 Develop a GRUAN ozonesonde data product in 
consultation with NDACC and GAW. Completed 
technical documents 

 Do we need actions related to paper and 
data processing? 

Greg Bodeker, Jacquie 
Witte, Lead Centre 

Oct 2016 

24 Determine how best to work with NDACC and 
GAW to bring in measurements of aerosol proper-
ties into GRUAN. Produce short document outlin-
ing a proposed strategy. 

 Retire this? 

WG Chairs, WG mem-
bers, TT ancillary 
measures, Potenza, 
EARLINET 

Jun 2017 

25 Define the GNSSPW data collection client re-
quirement, initiate data flow 

GFZ, Lead Centre, TT 
GNSSPW, TT sites 

Apr 2017 

26 Define the ozonesonde data collection client re-
quirement, identify the central data processing 
facility, and initiate data flow 

Greg Bodeker, Lead 
Centre 

Apr 2017 

27 Complete proposal for transmitting GRUAN un-
certainties over BUFR and required modification 
of BUFR tables and report to IPET-DRMM 

Sasha Kats, Kizu-San, TT 
radiosondes, TT sites 
Lead Centre, CBS 

Nov 2016 

New Items 

28 Version 3 release of RS92 to include correlated 
uncertainty information and subsequent work to 
consider an emulator that can create N profiles 
consistent with the uncertainty information 

LC, TT radiosondes, sci-
ence coordinators 

Mar 2017 

29 Task Teams to revise terms of reference to reflect 
current status and required work plans and sub-
mit to WG for approval 

TT Chairs and members Jun 2016 

30 Greg to draft and circulate guidelines for the certi-
fied site auditing to WG and TT site reps. Agreed 
version to become a GRUAN TN. 

Greg Bodeker Jul 2016 

31 Complete and publish new GRUAN IP after publi-
cation of the GCOS IP to ensure consistency with 
this ‘parent’ document 

Peter Thorne with input 
from WG-GRUAN, LC, 
TT chairs 

Dec 2016 

32 Paper on the ecosystem of upper-air systems co-
drafted with principals of NDACC, TCCON, etc. as 
submission to NDACC special issue 

WG Chairs, principals of 
remaining networks 

Nov 2016 
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33 LC and processing centres to evaluate options 
with regard to failsafe back-up to ensure data ar-
chival and processing software redundancy. 
Technical Note produced. 

LC, Processing Centres Dec 2016 

34 WG members to review the beta website and dis-
cuss and provide feedback on any necessary 
structural innovations to Lead Centre on the next 
WG call. Then to provide feedback at ICM-9 based 
on use (WG-GRUAN to identify 2-3 volunteers to 
do this more in-depth review) 

WG-GRUAN Jun 2016 (first 
call) Jun 2017 
for feedback 

35 GRUAN abstracts to be submitted to CIMO TECO 
and MMC2 in Madrid in late September. 

Who is going? Who can 
go? 

Abstracts May; 
Presentations 
Sept 2016 

36 Report on SASBE development activities at ICM-9 TT Scheduling, TT Ancil-
lary Measurements, 
Science Coordinators 

Jun 2017 

Other Suggestions 

37 a) Not sure what to do at this stage viz. developing further the frostpoint hygrometers doc-
umentation and processing. Are there in-year actions? 

b) Actions related to Meteolabor and Mesei sonde products? 

c) RR01 action following sites day discussions? 

d) Something on SASBEs, MWR, FTS? 

e) Network expansion action(s)? 

f) Updating wiki pages? 

g) Is there anything else missing? 
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