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1.  What have we achieved? 
2.  What are the gaps? 
3.  What matrix should we have to keep track of 

scientific impacts and data usage to help sites 
advocate for continuous support from their 
management?  

4.How to promote more scientific research?  
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The goals of GRUAN 

• Provide long-term high quality climate records; 
• Constrain and calibrate data from more spatially-

comprehensive global observing systems (including satellites 
and current radiosonde networks); and 

• Fully characterize the properties of the atmospheric 
column. 

Four key user groups of GRUAN data products are identified: 
• The climate detection and attribution community. 
• The satellite community. 
• The atmospheric process studies community. 
• The numerical weather prediction (NWP) community. 
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Category Number 
Field and intercomparison campaigns  23 

Satellite Validation & Algorithm Development  18 

GRUAN product development  14 

Network design  8 

Operational developments  8 

Validation for ground-based instruments  6 

Assessment of the measurement record  6 

Modelling; model evaluation and calibration  4 

Total 87 



Decadal review (2009-2019) of 
GRUAN journal articles 



ICM11, 520-5/24/2019, Singapore 5 

1.  What have we achieved: Satellite validation, 
GRUAN documentation, Field campaign 

2.  What are the gaps? Climate trends and processing 
studies, NWP 

3.What matrix: citations, h-index, data DOI, 
acknowledgement 

4.How to promote more scientific research? More 
analysis of papers, outreach, seeking resources? 
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 Carminati 2019: Carminati, F., Migliorini, S., Ingleby, B., Bell, W., Lawrence, H., Newman, S., 

Hocking, J., and Smith, A.: Using reference radiosondes to characterise NWP model uncertainty 
for improved satellite calibration and validation, Atmos. Meas. Tech., 12, 83-
106, https://doi.org/10.5194/amt-12-83-2019, 2019. 

 Nalli 2018: Nalli, N. R., Gambacorta, A., Quanhua, L., Barnet, C. D., Changyi, T., Iturbide-
Sanchez, F., Reale, T., Sun, B., Wilson, M., Borg, L., and Morris, V. R.: Validation of Atmospheric 
Profile Retrievals From the SNPP NOAA-Unique Combined Atmospheric Processing System. 
Part 1: Temperature and Moisture, IEEE Transactions on Geoscience and Remote Sensing, Vol. 
56, No. 1, January 2018, doi: 10.1109/TGRS.2017.2744558. 

 Rieckh 2018: Rieckh, T., Anthes, R., Randel, W., Ho, S-P., and Foelsched, U.: Evaluating 
tropospheric humidity from GPS radio occultation, radiosonde, and AIRS from high-resolution 
time series, Atmos. Meas. Tech., 11, 3091-3109, 2018, 
doi.org/10.5194/amt-11-3091-2018. 

 Pisoft 2018: Pisoft, P., Sacha, P., Miksovsky, J., Huszar, P., Scherllin-Pirscher, B., and Foelsche, U.: 
Revisiting internal gravity waves analysis using GPS RO density profiles: comparison with 
temperature profiles and application for wave field stability study, Atmos. Meas. Tech., 11, 515–
527, 2018, doi.org/10.5194/amt-11-515-2018. 
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 Finazzi 2018: Finazzi F., Fassò A., Madonna F., Negri I., Sun B., and Rosoldi M.: Statistical 

harmonization and uncertainty assessment in the comparison of satellite and radiosonde 
climate variables, Environmetrics, On line first, 1-17, doi: 10.1002/env.2528 

 Weaver 2018: Weaver, D., Strong, K., Walker, K. A., Sioris, C., Schneider, M., McElroy, C. T., 
Vömel, H., Sommer, M., Weigel, K., Rozanov, A., Burrows, J. P., Read, W. G., Fishbein, E., and 
Stiller, G.: Comparison of ground-based and satellite measurements of water vapour vertical 
profiles over Ellesmere Island, Nunavut, Atmos. Meas. Tech. Discuss., doi: 0.5194/amt-2018-267, 
in review, 2018. 

 Borger 2017: Borger, C., Schneider, M., Ertl, B., Hase, F., García, O. E., Sommer, M., Höpfner, M., 
Tjemkes, S. A., and Calbet, X.: Evaluation of MUSICA MetOp/IASI tropospheric water vapour 
profiles by theoretical error assessments and comparisons to GRUAN Vaisala RS92 
measurements, Atmos. Meas. Tech. Discuss., doi: 10.5194/amt-2017-374, in review, 2017. 

 Sun 2017: Sun, B., Reale, T., Tilley, F. H., Pettey, M. E., Nalli, N. R., and Barnet, C. D.: 
Assessment of NUCAPS S-NPP CrIS/ATMS Sounding Products Using Reference and 
Conventional Radiosonde Observations, IEEE Journal of Selected Topics in Applied Earth 
Observations and Remote Sensing, Vol. 10, No. 6, June 2017, doi: 10.1109/JSTARS.2017.2670504. 
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 Bobryshev 2018: Bobryshev, O., Buehler, S. A., John, V. O., Brath, M., and Brogniez, H.: Is There 

Really a Closure Gap Between 183.31-GHz Satellite Passive Microwave and In Situ Radiosonde 
Water Vapor Measurements?, IEEE Transactions on Geoscience and Remote Sensing, Vol. 56, 
No. 5, May 2018, doi:10.1109/TGRS.2017.2786548. 

 Gierens 2018: Gierens, K., Eleftheratos, K,. And Sausen, R.: Intercalibration between HIRS/2 
and HIRS/3 channel 12 based on physical considerations, Atmos. Meas. Tech., 11, 939–948, 2018, 
doi.org/10.5194/amt-11-939-2018. 

 Gilpin 2018: Gilpin, S., Rieckh, T., and Anthes, R.: Reducing representativeness and sampling 
errors in radio occultation–radiosonde comparisons, Atmos. Meas. Tech., 11, 2567–2582, 2018, 
doi.org/10.5194/amt-11-2567-2018. 

 Calbet 2017: Calbet, X., Peinado-Galan, N., Rípodas, P., Trent, T., Dirksen, R., and Sommer, M.: 
Consistency between GRUAN sondes, LBLRTM and IASI, Atmos. Meas. Tech., 10, 2323-2335, 
2017, doi: 10.5194/amt-10-2323-2017. 

 Leblanc 2016: Leblanc, T., Sica, R. J., van Gijsel, J. A. E., Godin-Beekmann, S., Haefele, A., Trickl, 
T., Payen, G., and Gabarrot, F.: Proposed standardized definitions for vertical resolution and 
uncertainty in the NDACC lidar ozone and temperature algorithms – Part 1: Vertical resolution, 
Atmos. Meas. Tech., 9, 4029-4049, https://doi.org/10.5194/amt-9-4029-2016 
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 Tradowsky 2016: Tradowsky, J. and Greg Bodeker; Peter Thorne; Fabien Carminati; William Bell; 

GRUAN in the service of GSICS: Using reference groundbased profile measurements to provide 
traceable radiance calibration for spacebased radiometers, GSICS Quarterly Newsletter, 10(2), 
doi:10.7289/V5GT5K7S 

 Antón 2015:Antón, M., Loyola, D., Román, R., and Vömel, H.: Validation of GOME-2/MetOp-A 
total water vapour column using reference radiosonde data from the GRUAN network, Atmos. 
Meas. Tech., 8, 1135-1145, doi: 10.5194/amt-8-1135-2015 

 Nalli 2013: Nalli, N. R., et al. (2013), Validation of satellite sounder environmental data records: 
Application to the Cross-track Infrared Microwave Sounder Suite, J. Geophys. Res. Atmos., 118, 
13,628–13,643, doi: 10.1002/2013JD020436 . 
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 Calbet 2018: Calbet, X., Peinado-Galan, N., DeSouza-Machado, S., Kursinski, E.R., Oria, P., 
Ward, D., Otarola, A., Rípodas, P. and Kivi, R. (2018) Can turbulence within the field of view 
cause significant biases in radiative transfer modeling at the 183 GHz band? Atmos. Meas. 
Tech., 11, 6409–6417, 2018, doi: 10.5194/amt-11-6409-2018 

 Hicks-Jalali 2018: Hicks-Jalali, S., Sica, R. J., Haefele, A., and Martucci, G.: Calibration of a 
Water Vapour Lidar using a Radiosonde Trajectory Method, Atmos. Meas. Tech. 
Discuss., https://doi.org/10.5194/amt-2018-246, in review, 2018. 

 Pincus 2017: Pincus, R., Beljaars, A., Buehler, S. A., Kirchengast, G., Ladstaedter, F., and 
Whitaker, J. S.: The Representation of Tropospheric Water Vapor Over Low-Latitude Oceans 
in (Re-) analysis: Errors, Impacts, and the Ability to Exploit Current and Prospective 
Observations, Surv. Geophys. 38, 1399–1423, 2017, doi.org/10.1007/s10712-017-9437-z. 

 Brocard 2013:Brocard, E., Philipona, R., Haefele, A., Romanens, G., Mueller, A., Ruffieux, D., 
Simeonov, V., and Calpini, B.: Raman Lidar for Meteorological Observations, RALMO – Part 2: 
Validation of water vapor measurements, Atmos. Meas. Tech., 6, 1347-1358, doi: 10.5194/amt-6-
1347-2013 

 
 
 
 
 

 



Decadal review (2009-2019) of 
GRUAN journal articles 

Validation for ground-based instruments (cont. 1) 
 Reichardt 2012: Jens Reichardt, Ulla Wandinger, Volker Klein, Ina Mattis, Bernhard Hilber, and 

Robert Begbie, "RAMSES: German Meteorological Service autonomous Raman lidar for water 
vapor, temperature, aerosol, and cloud measurements," Appl. Opt. 51, 8111-8131 (2012); doi: 
10.1364/AO.51.008111 

 Whiteman 2012:Whiteman, D. N., Cadirola, M., Venable, D., Calhoun, M., Miloshevich, L., 
Vermeesch, K., Twigg, L., Dirisu, A., Hurst, D., Hall, E., Jordan, A., and Vömel, H.: Correction 
technique for Raman water vapor lidar signal-dependent bias and suitability for water vapor 
trend monitoring in the upper troposphere, Atmos. Meas. Tech., 5, 2893-2916, 
https://doi.org/10.5194/amt-5-2893-2012, 2012. 
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GRUAN product development 
 Kobayashi 2019: Kobayashi, E., Hoshino, S., Iwabuchi, M., Sugidachi, T., Shimizu, K., and 

Fujiwara, M.: Comparison of the GRUAN data products for Meisei RS-11G and Vaisala RS92-SGP 
radiosondes at Tateno (36.06° N, 140.13° E), Japan, Atmos. Meas. Tech. 
Discuss., https://doi.org/10.5194/amt-2018-416, in review. 

 Sun 2019: Sun, B., T. Reale, S. Schroeder, M. Pettey, and R. Smith, 2019: On the Accuracy of 
Vaisala RS41 versus RS92 Upper-Air Temperature Observations. J. Atmos. Oceanic Technol., 36, 
635–653, https://doi.org/10.1175/JTECH-D-18-0081.1 

 Vaquero-Martínez 2019: Vaquero-Martínez, J., Antón, M., Ortiz de Galisteo, J. P., Román, R., 
Cachorro, V. E., and Mateos, D.: Comparison of integrated water vapor from GNSS and 
radiosounding at four GRUAN stations, Science of the Total Environment, 648 (2019) 1639–
1648, doi: 10.1016/j.scitotenv.2018.08.192. 

 Tradowsky 2018: Tradowsky, J. S., Bodeker, G. E., Querel, R. R., Builtjes, P. J. H., and Fischer, J.: 
Combining Data from the Distributed GRUAN Site Lauder-Invercargill, New Zealand, to 
Provide a Site Atmospheric State Best Estimate of Temperature, Earth Syst. Sci. Data Discuss., 
doi: 10.5194/essd-2018-20, in review, 2018. 
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2018-6, in review, 2018. 

 Ning 2016: Ning, T., Wang, J., Elgered, G., Dick, G., Wickert, J., Bradke, M., Sommer, M., Querel, R., 
and Smale, D.: The uncertainty of the atmospheric integrated water vapour estimated from GNSS 
observations, Atmos. Meas. Tech., 9, 79-92, doi:10.5194/amt-9-79-2016 

 Bodeker 2015: Bodeker, G. E. and Kremser, S. (2015): Techniques for analyses of trends in GRUAN data, 
Atmos. Meas. Tech. Discuss., 7, 11957-11989, doi:10.5194/amt-8-1673-2015 

 Dirksen 2014: Dirksen, R. J., Sommer, M., Immler, F. J., Hurst, D. F., Kivi, R., and Vömel, H. (2014): 
Reference quality upper-air measurements: GRUAN data processing for the Vaisala RS92 radiosonde, 
Atmos. Meas. Tech., 7, 4463-4490, doi:10.5194/amt-7-4463-2014 

 Philipona 2013: Philipona, R., A. Kräuchi, G. Romanens, G. Levrat, R. Ruppert, E. Brocard, P. Jeannet, 
D. Ruffieux, and B. Calpini (2013), Solar and thermal radiation errors on upper-air radiosonde 
temperature measurements, J. of Atmos. and Oceanic Tech., 30, 2382-2393, doi:10.1175/JTECH-D-13-
00047. 

 Whiteman 2011: Whiteman, D. N., K. C. Vermeesch, L. D. Oman, and E. C. Weatherhead (2011), The 
relative importance of random error and observation frequency in detecting trends in upper 
tropospheric water vapor, J.Geophys. Res., 116, D21118, doi:10.1029/2011JD016610 
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Vömel, H., Reference Quality Upper-Air Measurements: guidance for developing GRUAN data 
products. Atmospheric Measurement Techniques, 2010, 3, 1217–1231, doi:10.5194/amt-3-1217-
2010 

 Shimizu 2010: Shimizu, K. and Hasebe, F.: Fast-response high-resolution temperature sonde 
aimed at contamination-free profile observations, Atmos. Meas. Tech. Discuss., 3, 3293-3317, 
doi:10.5194/amt-3-1673-2010 

 Hall 2016: Hall, E. G., Jordan, A. F., Hurst, D. F., Oltmans, S. J., Vömel, H., Kühnreich, B., and 
Ebert, V.: Advancements, measurement uncertainties, and recent comparisons of the NOAA 
frost point hygrometer, Atmos. Meas. Tech., 9, 4295-4310, doi:10.5194/amt-9-4295-2016 

 Vömel 2016: Vömel, H., Naebert, T., Dirksen, R., and Sommer, M.: An update on the 
uncertainties of water vapor measurements using cryogenic frost point hygrometers, Atmos. 
Meas. Tech., 9, 3755-3768, doi:10.5194/amt-9-3755-2016 
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from: https://www.intechopen.com/books/space-flight/cost-effective-platforms-for-near-
space-research-and-experiments 

 Philipona 2018: Philipona, R., Mears, C., Fujiwara, M., Jeannet, P., Thorne, P., Bodeker, G., et al. 
(2018). Radiosondes show that after decades of cooling, the lower stratosphere is now 
warming. Journal of Geophysical Research: Atmospheres, 123, 12,509–
12,522. https://doi.org/10.1029/2018JD028901 

 Kawai 2017: Kawai, Y., Katsumata, M., Oshima, K., Hori, M. E., and Inoue, J.: Comparison of 
Vaisala radiosondes RS41 and RS92 launched over the oceans from the Arctic to the tropics, 
Atmos. Meas. Tech., 10, 2485-2498, doi: 10.5194/amt-10-2485-2017 

 von Rohden 2017: von Rohden, C., Naebert, T., Sommer, M., et al. (2017). Temperaturmessung 
in der Atmosphäre mit Radiosonden. tm - Technisches Messen, 84(12), pp. 804-813, from 
doi:10.1515/teme-2017-0074 
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 Kayser 2017: Kayser, M., Maturilli, M., Graham, R. M., Hudson, S. R., Rinke, A., Cohen, L., Kim, 

J.-H., Park, S.-J., Moon, W., and Granskog, M. A.: Vertical thermodynamic structure of the 
troposphere during the Norwegian young sea ICE expedition (N-ICE2015), J. Geophys. Res. 
Atmos., 122, 10,855–10,872 (2017), doi:10.1002/2016JD026089. 

 Brunamonti 2018: Brunamonti, S., Jorge, T., Oelsner, P., Hanumanthu, S., Singh, B. B., Kumar, 
K. R., Sonbawne, S., Meier, S., Singh, D., Wienhold, F. G., Luo, B. P., Böttcher, M., Poltera, Y., 
Jauhiainen, H., Kayastha, R., Dirksen, R., Naja, M., Rex, M., Fadnavis, S., and Peter, T.: Balloon-
borne measurements of temperature, water vapor, ozone and aerosol backscatter at the 
southern slopes of the Himalayas during StratoClim 2016-2017, Atmos. Chem. Phys. Discuss., 
doi: 10.5194/acp-2018-222, in review, 2018. 

 Ghysels 2016: Ghysels, M., Riviere, E. D., Khaykin, S., Stoeffler, C., Amarouche, N., Pommereau, 
J.-P., Held, G., and Durry, G.: Intercomparison of in situ water vapor balloon-borne 
measurements from Pico-SDLA H2O and FLASH-B in the tropical UTLS, Atmos. Meas. Tech., 
9, 1207-1219, https://doi.org/10.5194/amt-9-1207-2016, 2016. 
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Hall, E. G., Jordan, A. F., and Oltmans, S. J.: Recent divergences in stratospheric water vapor 
measurements by frost point hygrometers and the Aura Microwave Limb Sounder, Atmos. 
Meas. Tech., 9, 4447-4457, doi:10.5194/amt-9-4447-2016 

 Jensen 2016: Jensen, M. P., Holdridge, D. J., Survo, P., Lehtinen, R., Baxter, S., Toto, T., and 
Johnson, K. L.: Comparison of Vaisala radiosondes RS41 and RS92 at the ARM Southern Great 
Plains site, Atmos. Meas. Tech., 9, 3115-3129, doi:10.5194/amt-9-3115-2016 

 Kräuchi 2016: Kräuchi, A., Philipona, R., Romanens, G., Hurst, D. F., Hall, E. G., and Jordan, A. 
F.: Controlled weather balloon ascents and descents for atmospheric research and climate 
monitoring, Atmos. Meas. Tech., 9, 929-938, doi:10.5194/amt-9-929-2016 

 Maturilli 2016: Maturilli, M. & Kayser, M.: Arctic warming, moisture increase and circulation 
changes observed in the Ny-Ålesund homogenized radiosonde record, Theor Appl Climatol 
(2016), doi:10.1007/s00704-016-1864-0 

 Maturilli 2016:Maturilli, M. and Ritter, C.: Surface radiation during the total solar eclipse over 
Ny-Ålesund, Svalbard, on 20 March 2015, Earth Syst. Sci. Data, 8, 159-164, 
https://doi.org/10.5194/essd-8-159-2016. 
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Atmospheric Rivers. J. Hydrometeor., 17, 2997–3006, https://doi.org/10.1175/JHM-D-16-0163.1 

 Weaver 2017: Weaver, D., Strong, K., Schneider, M., Rowe, P. M., Sioris, C., Walker, K. A., 
Mariani, Z., Uttal, T., McElroy, C. T., Vömel, H., Spassiani, A., and Drummond, J. R.: 
Intercomparison of atmospheric water vapour measurements at a Canadian High Arctic site, 
Atmos. Meas. Tech., 10, 2851–2880, 2017, doi.org/10.5194/amt-10-2851-2017. 

 Trickl 2016: Trickl, T., Vogelmann, H., Fix, A., Schäfler, A., Wirth, M., Calpini, B., Levrat, G., 
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8791-8815, https://doi.org/10.5194/acp-16-8791-2016, 2016. 

 Dionisi 2016:Dionisi, D., Keckhut, P., Courcoux, Y., Hauchecorne, A., Porteneuve, J., Baray, J. L., 
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