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GDPs as working measurement standards

Motivation:
• SI-traceable measurements
• Comprehensive, altitude-resolved uncertainty estimation
• Open-source algorithms
• Documented, incl. metadata

UAII GDP selection:
GDP1

GDP2

iMS-100 RS41
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Coming up next …

• Assessing GDPs compatibility

• iMS-100 & RS41 GDP surprises
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Using GDPs to build CWSs

GDP1 GDP2 CWS 
(Combined Working Standard)

Correlations ?

Compatibility
criteria ?
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GRUAN guidelines
… yet ?

iMS-100 & RS41: correlations ?

GDP 𝝈𝟏 𝝈𝟐 𝝈𝟑
RS92 u_std_ u_cor_ -

RS-11G u_std_ u_cor_ -

RS41 _uc_ucor _uc_tcor _uc_scor

iMS-100 _u_ucor _u_cor -

UAII (dvas): NO correlation between RS41 and iMS-100

<latexit sha1_base64="/tDhAnYgYJb2Abq9lCBz3T8GYI4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0s4m7G7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZqdyU+2SW6V664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt3Qk6s0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZ70uUJmxNgSyhS3txI2pIoyYyMq2RC8xZeXSfOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6hDAxgIeIZXeHMenBfn3fmYtxacfOYQ/sD5/AFuNZA9</latexit>

@
σ(GDP1 – GDP2) ?     
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?
< 2

GDP compatibility

GDP1 – GDP2

Uncertainty(GDP1 – GDP2)

Normal distribution
ó

Compatible

GRUAN data processing:
• corrects for all known errors and biases
• provides best estimate of the vertically-

resolved measurement uncertainty
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iMS-100 GDP vs RS41 GDP
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Profile deltas to test GDP compatibility
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k =
�

�(�)

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�

<latexit sha1_base64="JTDv/xt2f6C1ZeL+O1wzBJKwC2k=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinos6sFjBfsB3bVk07QNTbJLMquUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbWV1b38hvFra2d3b3ivsHTRMlmrIGjUSk2yExTHDFGsBBsHasGZGhYK1wdD31W49MGx6pexjHLJBkoHifUwJWevANH0hS9m+YAHLaLZbcijsDXiZeRkooQ71b/PJ7EU0kU0AFMabjuTEEKdHAqWCTgp8YFhM6IgPWsVQRyUyQzq6e4BOr9HA/0rYU4Jn6eyIl0pixDG2nJDA0i95U/M/rJNC/DFKu4gSYovNF/URgiPA0AtzjmlEQY0sI1dzeiumQaELBBlWwIXiLLy+T5lnFO69U76ql2lUWRx4doWNURh66QDV0i+qogSjS6Bm9ojfnyXlx3p2PeWvOyWYO0R84nz/QOZIT</latexit>

�(�)

1m

2022-04-27 07:57 UTC (T??, e:154639, r:1) (gdp)RS41 [2] minus (gdp)iMS-100 [1] temp
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GDP mismatch example I: cloud exit
1m

2022-08-19 12:30 UTC (F14, e:158490, r:1) (gdp)RS41 [2] minus (gdp)iMS-100 [1] temp

°5

0

5

k
p
,q

e
,i

0

2

¢
p
,q

e
,i
[K
]

0 1000 2000 3000 4000 5000 6000
i

0.3

0.4

0.5

0.6

æ
(¢

p
,q

e
,i
)
[K
]

Created with

dvas v0.8.2.dev0



Mastertitelformat bearbeiten

© ICM-14, 01 December 2022, F. Vogt  10

Eidgenössisches Departement des Innern EDI
Bundesamt für Meteorologie und Klimatologie MeteoSchweiz

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Eidgenössisches Departement des Innern EDI
Bundesamt für Meteorologie und Klimatologie MeteoSchweiz

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Département fédéral de l' intérieur DFI
Office fédéral de météorologie et de climatologie MétéoSuisse

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Département fédéral de l‘ intérieur DFI
Office fédéral de météorologie et de climatologie MétéoSuisse

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Dipartimento federale dell' interno DFI
Ufficio federale di meteorologia e climatologia MeteoSvizzera

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Dipartimento federale dell' interno DFI
Ufficio federale di meteorologia e climatologia MeteoSvizzera

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

<latexit sha1_base64="Flktp9HanP3nT+lOc0cJ5aBFbuU=">AAACCHicbVDLSgMxFM3UV62vUZcuDBahbsqMFHUjFHXhsoJ9QGcomTTThiaZIckIZZilG3/FjQtF3PoJ7vwb03YW2nrgwsk595J7TxAzqrTjfFuFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK4nfvuBSEUjca/HMfE5GggaUoy0kXr24ejSCyXCqXdDmEZZ6ik64Kgye55kPbvsVJ0p4CJxc1IGORo9+8vrRzjhRGjMkFJd14m1nyKpKWYkK3mJIjHCIzQgXUMF4kT56fSQDB4bpQ/DSJoSGk7V3xMp4kqNeWA6OdJDNe9NxP+8bqLDCz+lIk40EXj2UZgwqCM4SQX2qSRYs7EhCEtqdoV4iEwu2mRXMiG48ycvktZp1T2r1u5q5fpVHkcRHIAjUAEuOAd1cAsaoAkweATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8Aa6jmcQ=</latexit>

k =
�

�(�)

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�

<latexit sha1_base64="JTDv/xt2f6C1ZeL+O1wzBJKwC2k=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinos6sFjBfsB3bVk07QNTbJLMquUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbWV1b38hvFra2d3b3ivsHTRMlmrIGjUSk2yExTHDFGsBBsHasGZGhYK1wdD31W49MGx6pexjHLJBkoHifUwJWevANH0hS9m+YAHLaLZbcijsDXiZeRkooQ71b/PJ7EU0kU0AFMabjuTEEKdHAqWCTgp8YFhM6IgPWsVQRyUyQzq6e4BOr9HA/0rYU4Jn6eyIl0pixDG2nJDA0i95U/M/rJNC/DFKu4gSYovNF/URgiPA0AtzjmlEQY0sI1dzeiumQaELBBlWwIXiLLy+T5lnFO69U76ql2lUWRx4doWNURh66QDV0i+qogSjS6Bm9ojfnyXlx3p2PeWvOyWYO0R84nz/QOZIT</latexit>

�(�)

GDP mismatch example II: RH in LS
1m

2022-08-22 12:45 UTC (F18, e:158528, r:1) (gdp)RS41 [1] minus (gdp)iMS-100 [2] rh
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• RS41: GPS time offsets [up to ~5 sec]
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• RS41: GPS time offsets [up to ~5 sec]

• RS41: valid gph with no uncertainty [up to 250/profile; see RS41 GDP user guide, Sec 5.1]
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• iMS-100: invalid rh with valid uncertainty [up to 2500/profile]
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• iMS-100: valid wdir/wspeed with no uncertainty [up to 10/profile]

• iMS-100: invalid rh with valid uncertainty [up to 2500/profile]

• RS41 vs iMS-100: T mismatch at high altitude at night
• RS41 and iMS-100: mis-estimation/mis-assignment of uncertainties
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T mismatch @ high altitude @ nighttime

iMS-100 vs RS41
temp

1m

2022-08-31 22:00 UTC (F45, e:158771, r:1) (gdp)RS41 [2] minus (gdp)iMS-100 [1] temp
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Mis-estimation/-assignment of uncertainties (I)

RS41 vs RS41
gph

1m

2022-04-27 07:57 UTC (T??, e:154639, r:1) (gdp)RS41 [4] minus (gdp)RS41 [2] gph
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Mis-estimation/-assignment of uncertainties (II)

iMS-100 vs iMS-100
gph

1m

2022-04-27 07:57 UTC (T??, e:154639, r:1) (gdp)iMS-100 [3] minus (gdp)iMS-100 [1] gph
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Summary

• Life in a multi-GDP World is great !

• GDP consistency is paramount for users
netCDF syntax & content, uc scheme, interpolation/smoothing, …

• Cross-GDP GRUAN guidelines are needed

• GDP    : useful tool to validate uncertainties
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Thank you all for the GDP v1’s. 
We look forward to v2’s and more v1’s !

GDP1

GDP2
GDP3

GDP4

GDP5

GDP6

GDP7
GDP8

GDP9

GDP10

UAII 2026 ?
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MeteoSchweiz
Operation Center 1 
CH-8058 Zürich-Flughafen 
T +41 58 460 91 11 
www.meteoschweiz.ch

MeteoSvizzera
Via ai Monti 146
CH-6605 Locarno-Monti
T +41 58 460 92 22
www.meteosvizzera.ch

MétéoSuisse
7bis, av. de la Paix
CH-1211 Genève 2
T +41 58 460 98 88
www.meteosuisse.ch

MétéoSuisse
Chemin de l‘Aérologie
CH-1530 Payerne
T +41 58 460 94 44
www.meteosuisse.ch
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Eidgenössisches Departement des Innern EDI
Bundesamt für Meteorologie und Klimatologie MeteoSchweiz

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Eidgenössisches Departement des Innern EDI
Bundesamt für Meteorologie und Klimatologie MeteoSchweiz

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Département fédéral de l' intérieur DFI
Office fédéral de météorologie et de climatologie MétéoSuisse

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Département fédéral de l‘ intérieur DFI
Office fédéral de météorologie et de climatologie MétéoSuisse

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Dipartimento federale dell' interno DFI
Ufficio federale di meteorologia e climatologia MeteoSvizzera

 Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Dipartimento federale dell' interno DFI
Ufficio federale di meteorologia e climatologia MeteoSvizzera

 

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

GPS absolute time offsets
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GPS time offset: RS41 – iMS-100


