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Long journey to final GDP Deutscher Wetterdienst

Wetter und Klima aus einer Hand

0

» 2014-07 -> first calibration check of RS41 in lab (SHC)
» 2014-12 -> first launches with RS41 at Lindenberg
» 2015-03 - first time-lag experiments in climate chamber
» 2016-03 - start of development of radiation wind tunnel (SISTER)
» 2016-06 -> start restructuring of GDPS and optimising of modules
» 2017-07 - first radiation experiments inside SISTER
» 2019-02 -> first official alpha version of GDP (ALPHA.1)
» 2020-03 -> start writing technical document (TD)
» 2020-05 -> start writing radiation paper
» 2020-06 -> first official beta version of GDP (BETA.1)
» 2021-06 - last beta version of GDP (BETA.3) as RC
» 2021-06 -> radiation paper submitted (amt-2021-187)
» 2021-11 - final version 1 of GDP (provisional certification)
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Ch araCteﬂsaU on Of RS41 Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

e
Standard Humidity Chamber
Humidity - Calibration

Development of and experiments with
new radiation wind tunnel

Simulator for Investigation of Solar Temperature
Error of Radiosondes (SISTER)
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Radiation temperature error Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

https://doi.org/10.5194/amt-202 - 187 Atmospheric
Preprint. Discussion stanted: 20 July 2021 Measurement
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Laboratory characterisation of the radiation temperature error of

radiosondes and its application to the GRUAN data processing for
the Vaisala RS41

Christoph von Rohden', Michael Sommer', Tatjana Naebert', Vasyl Motuz®, and Ruud J. Dirksen'
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IDepartment of Aerodynamics and Fluid Mechanics, Brandenburg University of Technology, Cottbus-Senftenberg,
Siemens-Halske-Ring |5a, 03046 Cottbus, Germany

Correspondence: Christoph von Rohden (Christoph. Rohden-von @dwd.de)

Ahstract.
The paper presents the Simulator for Investigation of Solar Temperature Error of Radiosondes (SISTER), a setup that was
developed to quantify the solar heating of the temperature sensor of radiosondes under laboratory conditions by recreating as

closely as possible the atmospheric and illumination conditions that are encountered during a daytime radiosounding ascent.

5 SISTER controls the pressure (3 hPa to 1020hPa) and ventilation speed of the air inside the windtunnel-like setup to simulate
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GDPS - Processing of RS41-GDP.1  peutscher Wetterdienst

Wetter und Klima aus einer Hand K ‘
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Estimation of uncertainty

Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

Temperature

Combination of uncertainty components for temperature in GDP for Vaisala R541 radi
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Content of RS41-GDP.1 files Deutscher Wetterdienst
Wetter und Klima aus einer Hand u

» Meta-data significantly expanded

o Product, file, site, measurement system, measurement setup, surface obs.,
measurement (times, equipment, day/night, position, pwc, tropopause, burst point),
main/telemetry sonde, ground system, ground checks (ri41, shc, shelter), ...

» Variables significantly expanded

o Position (lat, lon), altitude (gph, wgs84, amsl), pressure (sensor, gnss),
temperature, humidity (rh, dp, mr, ...), wind variables (wdir, speed, wzon, wmeri),
supplementary variables (sun angles, radiation, ventilation, pendulum, ...)

» Corrections significantly expanded

o Final data, total correction, correction components, raw data (+ flags)

» Uncertainties significantly expanded

o Combined, correlation parts, source components

N
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Analysis plots Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

Raw data analysis & ground check plots Internal analysis pld

Analysis of Timelag Correction
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Final data product RS41-GDP.1 Deutscher Wetterdienst

Wetter und Klima aus einer Hand

0

» Full characterisation - extensive & intensive experiments

» Comprehensive processing - correction & estimation of uncertainties
» GDP provided as very detailed NetCDF 4 files

» Analysis plots - Should they be available at website?

» Processing of RS41-GDP.1 started (2021-11-02)
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RS41 TeChnical Document Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

Title: “GRUAN characterisation and data Aim: Full description of RS41 in
processing of the Vaisala RS41 radiosonde” GRUAN incl. instrumentation,
measurement practice,
characterisation, data
processing, data flow

Authors: Michael Sommer, Christoph von Rohden,
Tzvetan Simeonov, Peter Oelsner, Tatjana

Naebert, Ruud Dirksen, Hannu Jauhiainen,
Petteri Survo,

442  Uncertainty of GPS-based pressure measurement . . .

Status: on 2021-11-02, 176 pages,
R ~95% complete
Table of contents 444 Vemiagon e s

ybasedvariables . . . .. ... Lo 86 7.6 Datamanagementin GRUAN . .. .. ... ... ... .. .. .. ..... 133

4.5
4.5.1  Water vapour partial pressure . 86 761 Datacollection . . . . . e e e e e e e 134
1 Introduction 8 4.52 Recalculate relative humidity from heated internal temperature to air 762 Converting of MWX toNetCDF . . . .. ... ... .......... 135
LT MOtVALON . . . o oo v e et e e 8 femperature . ...l -- 87 7.6.3 The Processing Centre (PC) 135
1.2 Instrument heritage 9 45.3  Integrated Water Vapour (IWV) . .. ............... S 87 7.6.4 Processing and reprocessing . 136
1.3 The role of the RS41 radiosonde in GRUAN AU 0 434 Water vapour mixing ratio . . . ... S 7.65 Archiving of raw data and data product files . . . . . . ... ... ... 136
14 Terminology . - .« oo oo e 11 4.5.5  Dew point and frost point temperature . . . . . .. ... <. 9% : .
455 Chock of humidity cbrtian -+ ot 7.66  Distribution of dataproduct . ... ... ...l 137
. 7.67 Monitoring and feedback . . . . ... ..o 0oL 137
2 Instrumeniat!on 14 5 Traceability 95
2.1 RS41 radiosonde . . R I 14 S TEMPETAUIE .« o o oo ot et e 95 Appendix
211 Sondeconstruction . . . .. ... ... 14 52 Relative humidity . . . . .. ... ... .. ... ... ... .. 0
212 Add-onsensorsupport . . ... 16 5.3 PIESSUTE SEMSOT . . ..o oot it it L.07 A Collection of relevant formulas and algorithms 141
2.1.3 Sensor technology e 17 A.1 Manufacturer calibration uncertainties . . . . .. ... ... ... ... ... 141
2.1.4 Manufacturer calibration and sonde uncertainty spec:ﬁcauens .. 22 6 Combination of uncertainties 99 AL Temperatire . . . ..o vt v i i e 141
2.2 Sounding SySEEIM . . . ... ... co.. 23 6.1 Correlated and uncorreluted uncertainties . .. ... ... 929 AL2 Humidity . . . ... 141
221 Manuallaunches . . . ... . ... ... ... ... ... ....... 23 6.2 Uncertainty combination 100 A3 PIESSU . . o o o oo e e e e e e 142
2.2.2  Automaticlaunches. . . . . . ... ...l 24 25; ;:Eﬁ;‘;ﬁ]miw- o o o o :£ A2 Saturation vapour pressure for water L 142
3 Measurement practice 25 623 PIESSUE . 10 ii (S:I'I'ID'Dlhl.l'lg dlfggr:;m tiondata - . oo :i?;
3.0 Process of a GRUAN RSA1 SOUNdNg . « + + + o o v ovvve oo s 25 s o,
7 GRUAN Data Product (GDP) 108 A5 Gravitational acceleration . . . . .. ... Lo oo L. 147
311 Auosonde S ce 29 7.1 Genergpverview of the processing system. . . . . .. . ............ 108
3.2 Calibration and pre-launch procedures . 29 7.2 Ing L. 109 B Additional information about processing system 148
3.2.1  Calibration at manufacturer . .. . ... .. 29 Priginal MW41 sounding archive file (MWX). . . . .. .. 10 B.1 Details of workflow of the processing system . . . . .. ... ......... 148
3.2.2  Ground check prescribed by manufacturer . . onverted as NetCDF file (GNC-RAW) . . . ... ........ 111
3.23 GRUAN ground check in the Standard Humidity Chamber (SHC) . . . ; GMDB(MD). . . ..o 111 C Documentation of processing steps and related processing modules 151
3.3 Measurementscheduling . . . . .. ... ... ternal sensors of ground checks .. <. 12 C.1 Processin SEPS . . . ..o 0oL 151
fnd "‘ﬂg'“g U““D“' data ......... L. 13 C.2 Main steps related to specific variables . . . . .. .. ... L. 156
4 GRUAN-ground experiments and parameter evaluations isggily by the modules .. 13
4.1 Effect of solar radiation on RS41 temperature measurements . . . . . . . . - 13 D Additional discussion on GPS positioning within the RS41 system 161
4.1.1  Solar heating of radiosonde temperature sensors . . . . . | : . B - 114 D.1 Pseudorange observations of GPS satellites . . . .. .. ... .. .. ... . 161
4.1.2  Experimental approach . . . . .. ... .. ... ... ..." - J :1'_: D.2 Dilution of Precision (DOP) measurements . . . 162
413 Dataevaluation . . . . . ... ... ... N\, T e o 121 D.3 Derivation of uncertainty of pressure from Glnbal Positioning System (GPS)
4.1.4  Simulation of solar shortwave radiation using RTM Streamer . . ._>» o W% = M\ o~ oot o 122 altitudes . . . . Lo Lo 163
4.1.5 Radiation correction and uncertainties . . . . . . . . _ A A\ ® & W = o oooorooorrrnrrrrrrnnts 125
4.2 Time-lag for Humidity Measurements at low temperature . . . S\_ . o additional Dlots TS E File Content 166
421 Timelag . ... ... ... .................N ! 5 73 B mY s . L L. 128 E.1 Possible content structure of MD files . . . . .. .. ... ... 0L 166
4.2.2  Experimentalapproach . . . . ... ... ............. - U | ssessi — 132 E2 Knowntablesof MWXfiles . ... ...... ... ... ......... 167
4.2.3  Evaluation and time-lag correction . . . . . .. ... ... . . O RaofGDP . . .. ... ... o132
4.3 Uncertainty of pressure measurements with sensor (RS41-SGP) 7.5.1 e content of GDP FE kX F Overleaf Projects (to remove later) 170
4.4 Evaluation of GPS and GPS-derived paramelers 7.52 Processinglogfile . ................ ... ..... L. 133
141 753 Dataanalysis plots . . - ... ... ERREE Acronyms 17

Lindenberg Meteorological Observatory

‘ggl-ead Centre M. Sommer - 2021-11-15 - Virtual - Page 11 Richard-ABmann-Observatory K3



RS41 User Guide Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘
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Comparison paper (RS92 vs. RS41)

Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

Title:

Authors:

Aim:

Status:
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“‘GRUAN RS41/RS92 data
product comparison:
Characterization of temperature
and relative humidity profiles”

Tzvetan Simeonov, Ruud
Dirksen, Christoph von Rohden,
Michael Sommer, ...

Compare GRUAN processing
and data product (GDP) of both
RS92 and RS41

on 2021-11-12,
data analysis ongoing

Table of contents
Abstract
1 Introduction

2 Description of RS41 GDP
data handling and corrections
2.1 Temperature
2.2 Humidity

3 RS41 GDP data uncertainties
3.1 Temperature
3.2 Humidity

4 RS92/RS41 comparison
4.1 Comparison methodology
4.2 Temperature
4.3 Humidity

5 Summary and conclusions
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Summary of current status Deutscher Wetterdienst

Wetter und Klima aus einer Hand

0

» Radiation paper in review process at AMT in review
» RS41 technical document (TD) in finalisation in finalisation
» RS41-GDP user guide (TN) in finalisation in finalisation

» Comparison paper (RS92 vs. R541) in preparation

» Provisional certification go ahead

o Final certification after publication of TD

» Processing of RS41-GDP.1 started running

e
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Outlook Deutscher Wetterdienst
Wetter und Klima aus einer Hand K ‘

» Future research & improvements of data product in next years

o Update on climate chamber setup to investigate time-lag
of humidity sensor at cold temperatures (= see presentation by Christoph today)

o Investigate detected small systematic humidity differences in
troposphere > RS41 vs. CFH / GNSS-PW

o Development of an experimental setup to investigate time-lag
of temperature sensor - main issue is time resolution of 1 s

o Extension of temperature radiation correction to include
the dependency to air temperature (- see presentation by Lee on Friday)

» In between - Use first version of RS41 GDP (RS41-GDP.1)

. Lindenberg Meteorological Observatory %
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Usage of GRUAN data products as working standard In
WMO Upper-Air Instrument Intercomparison 2022 (UAII2022)
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Thank you for your attention.
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