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Summary 

Preparation and execution of WMO radiosonde intercomparison campaign (UAII2022) 

Barrow (BAR) and Ross Island (ROS) have been certified. Various sites recertified. 

New candidate sites Dakar & Paramaribo (PMO) 

Co-organization of ICM-12/13/14 

Completion of GRUAN data processing for RS41.  

New data streams RS41-GDP version 1 and iMS-100-GDP version 2 

Research contracts for studies into alternatives to R23 for frostpoint hygrometers. 

Health of network 

The network consists of 31 sites. 

New sites: Ross Island, Paramaribo and Dakar. Data stream PMO progressing, little 
progress with Dakar/Senegal. No data streams for BoM sites, Dolgoprudny, Xilinhot 

New certifications: Ross Island (ROS), Barrow/NSA (BAR) 

Certification process ongoing for La Reunion, Neumayer, and Tenerife. 

Recertification of various sites (Beltsville, Ny-Ålesund, Sodankylä, Payerne, Potenza, 
Tateno).  

Lead Centre operations 

• Operationally running GRUAN data management server - GDMS (24/7). 

• Operationally running GRUAN meta-data data base - GMDB  (24/7). 

• Operationally working GRUAN file archive - GFA (24/7). 

• Ongoing development and optimization of all GRUAN server software 
components, GDMS, GMDB, GFA. 

• Ongoing development on several software tools for use at sites, e.g. 
RsLaunchClient, gt92, gtRsl, gm41. 

• Maintenance of GRUAN website (https://www.gruan.org). 

• Regularly update of data flow statistic plots (available at website). 
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• Lists of comparison soundings available at website, e.g. RS92-RS41 

• Operational data processing of RS41-GDP.1 and RS92-GDP.2 

• Managing data streams for RS41-GDP.1, RS92-GDP.2, RS-11G-GDP.1, and 
iMS-100-GDP.2 

Visitors to LC 

• Meteomodem, laboratory tests M10, November 2019 

• ETH-Zürich, tests with PCFH, November 2019. 

• Alexey Lykov (Dolgoprudny), test of FLASH-B instrument, November 2019. 

• T. Gardiner & D. Medland (NPL), discussion GRUAN uncertainties, Sep 2019 

• EMPA-Zürich, test with TDL-based stratospheric hygrometer, Dec 2019 & Sep 
2022 

Instrument research 

The following activities were undertaken in testing and/or characterizing research 
instruments and radiosondes: 

• FLASH-B, Meisei Skydew, PCFH. 

• RS41, RS92, DFM-09, DFM-17, M10 (laboratory & intercomparison). 

• Research contract TU Dresden and FZ Jülich to investigate alternatives for R23. 

• Research contract to investigate added value GRUAN data processing 

Site visits 

• . 
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Conferences 

• CIMO-TECO, Geneva June 2019 

• EGU general assembly 2021 (video conference) 

• EMS 2021 (video conference) 

Achievements 

• Development of GRUAN data processor for RS41 (version 1) completed 

• Preparation and execution of WMO radiosonde intercomparison campaign 
(UAII2022) in cooperation with Payerne. The radiosounding part of the campaign 
was performed August-September 2022, the laboratory part comprised 6 2-week 
slots from February to November 2022. 

GRUAN Technical documentation and Reports published 

• GRUAN-TD-7 - Review of Multiple-payload Radiosonde Sounding Configurations 
for Determining Best-Practice Guidance for GRUAN Sites. 

• GRUAN-TN-6 – Brief Description of GruanToolRsLaunch (gtRsl) 

• GRUAN-TN-8 – [3 updates] GRUAN Monitor MW41 and the Vaisala RS41 
Additional Sensor Interface  

• GRUAN-TN-9 – Site Photographs Guide 

• GRUAN-TN-11 – Brief description of GruanToolRs92 

• GRUAN-TN-12 – Brief Description of Vaisala DigiCORA® 3 DataBase File Format 
(DC3DB) 

• GRUAN-TN-13 – User Guide for the RS41 GRUAN Data Product Version 1 
(RS41-GDP.1) 

• GRUAN-RP-5 – Cloud Observations 

Peer-reviewed papers published 

• von Rohden et al., Laboratory characterisation of the radiation temperature error 
of radiosondes and its application to the GRUAN data processing for the Vaisala 
RS41, Atmos. Meas. Tech., 15(2), 383–405, doi:10.5194/amt-15-383-2022, 2022. 

• Dirksen et al., Managing the transition from Vaisala RS92 to RS41 radiosondes 
within the Global Climate Observing System Reference Upper-Air Network 
(GRUAN): a progress report, Geoscientific Instrumentation, Methods and Data 
Systems, 9(2), 337–355, doi:10.5194/gi-9-337-2020, 2020. 

Training by Lead Centre 

• AWI Ny-Alesund staff 

Issues 

• Silent sites 
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Work plan for next 12 months 

• Prepare report of WMO-CIMO Radiosonde intercomparison campaign. 

• Start development of GRUAN data product for RS92 (RS92-GDP.3). 

• Support development of GRUAN data product for Modem M10, M20 & Graw 
DFM-09, DFM-17 radiosondes, including laboratory investigations 

• Further development of the laboratory experiments 

• Complete the GRUAN radiosonde omnibus. 

• Continue development of alternative, non-R23 based, cooling mechanisms for 
frostpoint hygrometers. 

• Test Skydew instrument 

• (Re)certify sites. 

• Publish result of GRUAN-wide RS92-RS41 comparison 

• Further development of the GRUAN website. 

• Operationalize processing of CFH data. 

Overview of GRUAN-related publications 

2022 

Colombo, P. and A. Fassò, Quantifying the interpolation uncertainty of radiosonde humidity profiles, 
Measurement Science and Technology, 33(7), 074,001, doi:10.1088/1361-6501/ac5bff, 2022, URL 
https://doi.org/10. 1088/1361-6501/ac5bff. 

 

Hoshino, S., T. Sugidachi, K. Shimizu, E. Kobayashi, M. Fujiwara, and M. Iwabuchi, Comparison of 
GRUAN data products for Meisei iMS-100 and Vaisala RS92 radiosondes at Tateno, Japan, Atmospheric 
Measurement Techniques, 15(20), 5917–5948, doi:10.5194/amt-15-5917-2022, 2022, URL 
https://amt.copernicus.org/ articles/15/5917/2022/. 

 

Ingleby, B., M. Motl, G. Marlton, D. Edwards, M. Sommer, C. von Rohden, H. Vö̈mel, and H. Jauhiainen, 
On the quality of RS41 radiosonde descent data, Atmos. Meas. Tech., 15, 165–183, doi:10.5194/amt-15-
165-2022, 2022, URL https://doi.org/10.5194/amt-15-165-2022/. 

 

Lee, S.-W., S. Kim, Y.-S. Lee, B. I. Choi, W. Kang, Y. K. Oh, S. Park, J.-K. Yoo, J. Lee, S. Lee, S. Kwon, 
and Y.-G. Kim, Radiation correction and uncertainty evaluation of RS41 temperature sensors by using an 
upper-air simulator, Atmospheric Measurement Techniques, 15(5), 1107–1121, doi:10.5194/amt-15-1107-
2022, 2022a, URL https://amt.copernicus.org/articles/15/1107/2022/. 

 

Lee, S.-W., S. Kim, Y.-S. Lee, J.-K. Yoo, S. Lee, S. Kwon, B. I. Choi, J. So, and Y.-G. Kim, Laboratory 
characterisation and intercomparison sounding test of dual thermistor radiosondes for radiation correction, 
Atmos. Meas. Tech., 15(8), 2531–2545, doi:10.5194/amt-15-2531-2022, 2022b, URL 
https://amt.copernicus. org/articles/15/2531/2022/. 

 

Rosoldi, M., G. Coppa, A. Merlone, C. Musacchio, and F. Madonna, Intercomparison of Vaisala RS92 and 
RS41 Radiosonde Temperature Sensors under Controlled Laboratory Conditions, Atmosphere, 13(5), 
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doi:10.3390/atmos13050773, 2022, ISSN 2073-4433, URL https://www.mdpi.com/2073-4433/13/5/ 773. 

 

von Rohden, C., M. Sommer, T. Naebert, V. Motuz, and R. J. Dirksen, Laboratory characterisation of the 
radiation temperature error of radiosondes and its application to the GRUAN data processing for the 
Vaisala RS41, Atmos. Meas. Tech., 15(2), 383–405, doi:10.5194/amt-15-383-2022, 2022, URL 
https://amt.copernicus.org/ articles/15/383/2022/. 

 

Zhang, Y., B. Zhang, and N. Yang, Characteristics of Temperature and Humidity Inversions Based on 
High-Resolution Radiosonde Observations at Three Arctic Stations, Journal of Applied Meteorology and 
Climatology, 61(4), 415 – 428, doi:10.1175/JAMC-D-21-0054.1, 2022, URL 
https://journals.ametsoc.org/view/ journals/apme/61/4/JAMC-D-21-0054.1.xml. 

 

2021 

Crewell, S., K. Ebell, P. Konjari, M. Mech, T. Nomokonova, A. Radovan, D. Strack, A. M. Triana-Gö́mez, 
S. Noël, R. Scarlat, G. Spreen, M. Maturilli, A. Rinke, I. Gorodetskaya, C. Viceto, T. August, and M. 
Schrö̈der, A systematic assessment of water vapor products in the Arctic: from instantaneous 
measurements to monthly means, Atmospheric Measurement Techniques, 14(7), 4829–4856, 
doi:10.5194/amt-14-4829-2021, 2021, URL https://amt.copernicus.org/articles/14/4829/2021/. 

 

Graf, M., P. Scheidegger, A. Kupferschmid, H. Looser, T. Peter, R. Dirksen, L. Emmenegger, and B. 
Tuzson, Compact and Lightweight Mid-IR Laser Spectrometer for Balloon-borne Water Vapor 
Measurements in the UTLS, Atmos. Meas. Tech., 14(2), 1365–1378, doi:10.5194/amt-14-1365-2021, 
2021, URL https://amt. copernicus.org/articles/14/1365/2021/. 

 

Jing, X., X. Shao, T.-C. Liu, and B. Zhang, Comparison of GRUAN RS92 and RS41 Radiosonde 
Temperature Biases, Atmosphere, 12(7), doi:10.3390/atmos12070857, 2021, ISSN 2073-4433, URL 
https://www.mdpi. com/2073-4433/12/7/857. 

 

Jorge, T., S. Brunamonti, Y. Poltera, F. G. Wienhold, B. P. Luo, P. Oelsner, S. Hanumanthu, B. B. Sing, S. 
Kö̈rner, R. Dirksen, M. Naja, S. Fadnavis, and T. Peter, Understanding balloon-borne frost point 
hygrometer measurements after contamination by mixed-phase clouds, Atmos. Meas. Tech., 14(1), 239–
268, doi:10.5194/amt-14-239-2021, 2021, URL https://amt.copernicus.org/articles/14/239/2021/. 

 

Lee, S.-W., S. Kim, B. I. Choi, S.-B. Woo, S. Lee, S. Kwon, and Y.-G. Kim, Calibration of RS41 humidity 
sensors by using an upper-air simulator, Meteorological Applications, 28(4), e2010, 
doi:https://doi.org/10.1002/met.2010, 2021a, URL 
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/met.2010. 

 

Lee, S.-W., S.-B. Woo, J. C. Kim, E. J. Jang, and B. I. Choi, Development of a new KRISS low frost-point 
generator with improved uncertainty from 7 nmol·mol-1 tö1000 nmol·mol-1, Metrologia, 58(6), 065,002, 
doi:10.1088/1681- 7575/ac27f1, 2021b, URL https://doi.org/10.1088/1681-7575/ac27f1. 

 

Ma, Z., Z. Li, J. Li, T. J. Schmit, L. Cucurull, R. Atlas, and B. Sun, Enhance Low Level Temperature and 
Moisture Profiles Through Combining NUCAPS, ABI Observations, and RTM Analysis, Earth and Space 
Science, 8(6), e2020EA001,402, doi:https://doi.org/10.1029/2020EA001402, 2021, URL https://agupubs. 
onlinelibrary.wiley.com/doi/abs/10.1029/2020EA001402. 

 

Madonna, F., D. Summa, P. Di Girolamo, F. Marra, Y. Wang, and M. Rosoldi, Assessment of Trends and 
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Uncertainties in the Atmospheric Boundary Layer Height Estimated Using Radiosounding Observations 
over Europe, Atmosphere, 12(3), doi:10.3390/atmos12030301, 2021, ISSN 2073-4433, URL 
https://www.mdpi. com/2073-4433/12/3/301. 

 

Martucci, G., F. Navas-Guzmä́n, L. Renaud, G. Romanens, S. M. Gamage, M. Hervo, P. Jeannet, and A. 
Haefele, Validation of pure rotational Raman temperature data from the Raman Lidar for Meteorological 
Observations (RALMO) at Payerne, Atmospheric Measurement Techniques, 14(2), 1333–1353, 
doi:10.5194/amt-14-1333-2021, 2021, URL https://amt.copernicus.org/articles/14/1333/2021/. 

 

Reinares Martínez, I., S. Evan, F. G. Wienhold, J. Brioude, E. J. Jensen, T. D. Thornberry, D. Hé́ron, B. 
Verreyken, S. Kö̈rner, H. Vö̈mel, J.-M. Metzger, and F. Posny, Unprecedented observations of a nascent 
in situ cirrus in the tropical tropopause layer, Geophys. Res. Lett., 48(4), e2020GL090,936, 
doi:https://doi.org/10.1029/2020GL090936, 2021, URL https://agupubs.onlinelibrary.wiley.com/ 
doi/abs/10.1029/2020GL090936, e2020GL090936 2020GL090936. 

 

Smale, D., S. E. Strahan, R. Querel, U. Frieß, G. E. Nedoluha, S. E. Nichol, J. Robinson, I. Boyd, M. 
Kotkamp, R. M. Gomez, M. Murphy, H. Tran, and J. McGaw, Evolution of observed ozone, trace gases, 
and meteorological variables over arrival heights, Antarctica (77.8s, 166.7e) during the 2019 Antarctic 
stratospheric sudden warming, Tellus B: Chemical and Physical Meteorology, 73, 
doi:10.1080/16000889.2021.1933783, 2021, URL http:// doi.org/10.1080/16000889.2021.1933783. 

 

SY, S., F. Madonna, M. Rosoldi, E. Tramutola, S. Gagliardi, M. Proto, and G. Pappalardo, Sensitivity of 
trends to estimation methods and quantification of subsampling effects in global radiosounding 
temperature and humidity time series, International Journal of Climatology, 41(S1), E1992–E2014, 
doi:https://doi.org/10.1002/joc.6827, 2021, URL 
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.6827. 

 

Tu, Q., F. Hase, T. Blumenstock, M. Schneider, A. Schneider, R. Kivi, P. Heikkinen, B. Ertl, C. Diekmann, 
F. Khosrawi, M. Sommer, T. Borsdorff, and U. Raffalski, Intercomparison of arctic XH2O observations from 
three ground-based Fourier transform infrared networks and application for satellite validation, Atmos. 
Meas. Tech., 14(3), 1993–2011, doi:10.5194/amt-14-1993-2021, 2021, URL 
https://amt.copernicus.org/articles/14/ 1993/2021/. 

 

2020 

Almansa, A.F., E.Cuevas, Á.Barreto, B.Torres, O.E.García, R.Delia García, C.Velasco-Merino, 
V.E.Cachorro, A. Berjö́n, M. Mallorqú́ın, C. Lö́pez, R. Ramos, C. Guirado-Fuentes, R. Negrillo, and ä́. M. 
de Frutos, Column Integrated Water Vapor and Aerosol Load Characterization with the New ZEN-R52 
Radiometer, Remote Sensing, 12(9), doi:10.3390/rs12091424, 2020, ISSN 2072-4292, URL 
https://www.mdpi.com/2072-4292/12/9/ 1424. 

 

Becker, R., M. Maturilli, R. Philipona, and K. Behrens, In situ sounding of radiative flux profiles through the 
arctic lower troposphere, Bulletin of Atmospheric Science and Technology, doi:10.1007/s42865-020-
00011-8, 2020, URL https://doi.org/10.1007/s42865-020-00011-8. 

 

Dirksen, R. J., G. E. Bodeker, P. W. Thorne, A. Merlone, T. Reale, J. Wang, D. F. Hurst, B. B. Demoz, T. 
D. Gardiner, B. Ingleby, M. Sommer, C. von Rohden, and T. Leblanc, Managing the transition from 
Vaisala RS92 to RS41 radiosondes within the Global Climate Observing System Reference Upper-Air 
Network (GRUAN): a progress report, Geoscientific Instrumentation, Methods and Data Systems, 9(2), 
337–355, doi:10.5194/gi-9-337-2020, 2020, URL https://gi.copernicus.org/articles/9/337/2020/. 
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Dupont, J.-C., M. Haeffelin, J. Badosa, G. Clain, C. Raux, and D. Vignelles, Characterization and 
corrections of relative humidity measurement from Meteomodem M10 radiosondes at midlatitude stations, 
J. Atmos. Ocean. Technol., 37(5), 857–871, doi:10.1175/JTECH-D-18-0205.1, 2020, ISSN 0739-0572, 
URL https://doi.org/ 10.1175/JTECH-D-18-0205.1. 

 

Evan, S., J. Brioude, K. Rosenlof, S. M. Davis, H. Vö̈mel, D. Héron, F. Posny, J.-M. Metzger, V. Duflot, G. 
Payen, H. Vérèmes, P. Keckhut, and J.-P. Cammas, Effect of deep convection on the tropical tropopause 
layer composition over the southwest Indian Ocean during austral summer, Atmospheric Chemistry and 
Physics, 20(17), 10,565–10,586, doi:10.5194/acp-20-10565-2020, 2020, URL 
https://acp.copernicus.org/articles/ 20/10565/2020/. 

 

Fassò, A., M. Sommer, and C. von Rohden, Interpolation uncertainty of atmospheric temperature 
radiosoundings, Atmos. Meas. Tech., 13(12), 6445–6458, doi:10.5194/amt-13-6445-2020, 2020, URL 
https://amt. copernicus.org/articles/13/6445/2020/. 

 

Gierens, K., L. Wilhelm, M. Sommer, and D. Weaver, On ice supersaturation over the Arctic, 
Meteorologische Zeitschrift, 29(2), 165–176, doi:10.1127/metz/2020/1012, 2020, URL 
http://dx.doi.org/10.1127/metz/ 2020/1012. 

 

Hanumanthu, S., B. Vogel, R. Mü̈ller, S. Brunamonti, S. Fadnavis, D. Li, P. Ö̈lsner, M. Naja, B. B. Singh, 
K. R. Kumar, S. Sonbawne, H. Jauhiainen, H. Vö̈mel, B. Luo, T. Jorge, F. G. Wienhold, R. Dirksen, and T. 
Peter, Strong variability of the Asian Tropopause Aerosol Layer (ATAL) in August 2016 at the Himalayan 
foothills, Atmos. Chem. Phys., 20(22), 14,273–14,302, doi:10.5194/acp-20-14273-2020, 2020, URL https: 
//acp.copernicus.org/articles/20/14273/2020/. 

 

Héron, D., S. Evan, J. Brioude, K. Rosenlof, F. Posny, J.-M. Metzger, and J.-P. Cammas, Impact of 
convection on the upper-tropospheric composition (water vapor and ozone) over a subtropical site 
(Réunion island; 21.1◦ S, 55.5◦ E) in the Indian Ocean, Atmospheric Chemistry and Physics, 20(14), 
8611–8626, doi:10.5194/acp-20-8611-2020, 2020, URL https://acp.copernicus.org/articles/20/8611/2020/. 

 

Hicks-Jalali, S., R. J. Sica, G. Martucci, E. Maillard Barras, J. Voirin, and A. Haefele, a Raman lidar 
tropospheric water vapour climatology and height-resolved trend analysis over Payerne, Switzerland, 
Atmospheric Chemistry and Physics, 20(16), 9619–9640, doi:10.5194/acp-20-9619-2020, 2020, URL 
https://acp.copernicus. org/articles/20/9619/2020/. 

 

Jorge, T., S. Brunamonti, Y. Poltera, F. G. Wienhold, B. P. Luo, P. Oelsner, S. Hanumanthu, B. B. Sing, S. 
Kö̈rner, R. Dirksen, M. Naja, S. Fadnavis, and T. Peter, Understanding cryogenic frost point hygrometer 
measurements after contamination by mixed-phase clouds, Atmos. Meas. Tech. Discuss., 2020, 1–76, 
doi:10.5194/amt-2020-176, 2020, URL https://amt.copernicus.org/preprints/amt-2020-176/. 

 

Lee, S.-W., I. Yang, B. I. Choi, S. Kim, S.-B. Woo, W. Kang, Y. K. Oh, S. Park, J.-K. Yoo, J. C. Kim, Y. H. 
Lee, and Y.-G. Kim, Development of upper air simulator for the calibration of solar radiation effects on 
radiosonde temperature sensors, Meteorological Applications, 27(1), e1855, 
doi:https://doi.org/10.1002/met.1855, 2020, URL https: 
//rmets.onlinelibrary.wiley.com/doi/abs/10.1002/met.1855. 

 

Madonna, F., R. Kivi, J.-C. Dupont, B. Ingleby, M. Fujiwara, G. Romanens, M. Hernandez, X. Calbet, M. 
Rosoldi, A. Giunta, T. Karppinen, M. Iwabuchi, S. Hoshino, C. von Rohden, and P. W. Thorne, Use of 



 GRUAN Lead Centre 
 Deutscher Wetterdienst 
 Lindenberg Meteorological Observatory 
https://www.gruan.org Richard-Aßmann-Observatory 

1/2022 GRUAN Lead Centre Progress Report 8 (1) 

automatic radiosonde launchers to measure temperature and humidity profiles from the GRUAN 
perspective, Atmos. Meas. Tech., 13(7), 3621–3649, doi:10.5194/amt-13-3621-2020, 2020a, URL 
https://amt.copernicus.org/ articles/13/3621/2020/. 

 

Madonna, F., E. Tramutola, S. Sy, F. Serva, M. Proto, M. Rosoldi, S. Gagliardi, F. Amato, F. Marra, A. 
Fassò, T. Gardiner, and P. W. Thorne, Radiosounding HARMonization (RHARM): a new homogenized 
dataset of radiosounding temperature, humidity and wind profiles with uncertainty, Earth System Science 
Data Discussions, 2020, 1–38, doi:10.5194/essd-2020-183, 2020b, URL https://essd.copernicus.org/ 
preprints/essd-2020-183/. 

 

Newman, S., F. Carminati, H. Lawrence, N. Bormann, K. Salonen, and W. Bell, Assessment of new 
satellite missions within the framework of numerical weather prediction, Remote Sensing, 12(10), 1580, 
doi:10.3390/rs12101580, 2020, ISSN 2072-4292, URL http://dx.doi.org/10.3390/rs12101580. 

 

Philipona, R., A.Krä̈uchi, R.Kivi, T.Peter, M.Wild, R.Dirksen, M.Fujiwara, M.Sekiguchi, D.F.Hurst, and 
R.Becker, Balloon-borne radiation measurements demonstrate radiative forcing by water vapor and 
clouds, Meteorologische Zeitschrift, 29(6), 501–509, doi:10.1127/metz/2020/1044, 2020. 

 

Steiner, A. K., F. Ladstä̈dter, W. J. Randel, A. C. Maycock, Q. Fu, C. Claud, H. Gleisner, L. Haimberger, 
S.-P. Ho, P. Keckhut, T. Leblanc, C. Mears, L. M. Polvani, B. D. Santer, T. Schmidt, V. Sofieva, R. Wing, 
and C.-Z. Zou, Observed temperature changes in the troposphere and stratosphere from 1979 tö2018, 
Journal of Climate, 33(19), 8165–8194, doi:10.1175/JCLI-D-19-0998.1, 2020, ISSN 0894-8755, URL 
https://doi.org/ 10.1175/JCLI-D-19-0998.1. 

 

Sterckx, S., I. Brown, A. Kb, M. Krol, R. Morrow, P. Veefkind, K. F. Boersma, M. D. Mazière, N. Fox, and 
P. Thorne, Towards a European Cal/Val service for earth observation, International Journal of Remote 
Sensing, 41(12), 4496–4511, doi:10.1080/01431161.2020.1718240, 2020, URL https://doi.org/10.1080/ 
01431161.2020.1718240. 

 

2019 

Brunamonti, S., L. Fü̈zér, T. Jorge, Y. Poltera, P. Oelsner, S. Meier, R. Dirksen, M. Naja, S. Fadnavis, J. 
Karmacharya, F. G. Wienhold, B. P. Luo, H. Wernli, and T. Peter, Water Vapor in the Asian Summer 
Monsoon Anticyclone: Comparison of Balloon-Borne Measurements and ECMWF Data, Journal of 
Geophysical Re- search: Atmospheres, 124(13), 7053–7068, doi:10.1029/2018JD030000, 2019, URL 
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