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Wetter und Klima aus einer Hand

What iS d GRUAN Data PrOdUCt (GDP)? Deutscher Wetterdienst E

1. Well-documented, fully disclosed corrections algorithms
2. Estimates of measurement uncertainties of all measurands
3. Traceability to Sl standards
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Wetter und Klima aus einer Hand

RS41GDP IWV Observations Deutscher Wetterdienst E

Vaisala RS41 radiosonde
e PTU + GPS

e 1 second time resolution Q
e 5 m/s ascend rate to 30-35km altitude \
GRUAN Data Product

e Full uncertainties

e Temperature:
e Radiation correction
e Time lag correction

e Relative humidity:
e Time-lag correction
e Independent ground check

e |[WV integrated over whole profile with uncertainty
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GNSS IWV GDP Observations

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand B ‘

‘\“*—9 Lead Centre

e Calculate Slant Total Delays (STD) along
the signal path

® Transfer STD's into Zenith Total Delays
(ZTD) with a Mapping Function

® (Calculate the wet part of the ZTD:
JWD=7ZTD —ZHD.

. Ps
ZHD = (2.2768 + 0.0024) RO
e Derive Integrated Water Vapour (IWV)
. [
fromZWD: ..., _ 10 ZWD.

{kS/Tm + L‘E)RL
® Derive horizontal gradients

e Full uncertainty budget
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Consistency with uncertainties

Deutscher Wetterdienst %
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N observations
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~ GEWAN R

Lead Centre T. Simeonov - 2024-03-11 - ICM-15- Page 7 Lindenber gigg:‘ifé";f;’c’i’_gz:: vator ;



PWYV direct from GDP’s from NRT

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand B ‘

Data description

e RS41GDP from GRUAN LC in MOL-RAO

e GNSS PW-GDP from GFZ Potsdam

e “:g.Measurement.PrecipitableWaterColumn”
from RS41GDP

e “PWV” from NRT .tro files from GFZ

e U(PWV) in RS41GDP recorded with k=2

e U(PWV) from NRT .tro files from GFZ taken as
k=1

e No corrections, raw GDP’s

PWV / mm

e No altitude compensation

P
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Lindenberg, PWV(RS-LINO), med 1.2mm, uc med 0.52mm
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U(PWV)gs - Gnss,
U(PWV)gs —gnss,

~ o N
L
wN e

U(PWV)gs - Gnss,
¢ PWV(RS-LINO)
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Temperature difference

Deutscher Wetterdienst
Wetter und Klima aus einer Hand B ‘
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Weighted mean Temperature difference peutscher wetterdienst

Wetter und Klima aus einer Hand B ‘

max diff IWV vs temperture error (I)_indenberg, Temperature mean(RS-LINO), med -1.3K, std 2.75K
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Pressure difference stat. bar. Vs GNSS Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

Lindenberg, Pressure(RS-LINO), med 0.2hPa, std 0.13hPa
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Corrected IWV’s from GNSS-GDP

Deutscher Wetterdienst
Wetter und Klima aus einer Hand B ‘

Data description
e “ciwv(time)” from RS41GDP

é_indenberg, IWV(RS-LINO), med 1.3kg m~2, uc med 0.52kg m~—2

U(IWV)gs - gnss, k=1
U(IWV)gs - gnss, k=2

5 1 u(IWV)gs - gnss, k=3
e GNSS IWV calculated: pe—r
e ZTD from NRT .tro files from GFZ B
e Weighted mean temperature from 24 Hat .08
D e
RS41GDP 11 groees
e Surface pressure interpolated from § 01 .7 33
RS41GDP =
e “ciwv_uc(time)” in RS41GDP, k=2 _2-
 u(PWV) from NRT .tro files from GFZ takenas  _ |
k=1 _5 |
e Altitude difference compensated -6 . . .
2021 2022 2023
“)\ Date
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Corrected IWV’s from GNSS-GDP

Deutscher Wetterdienst %
Wetter und Klima aus einer Hand B ‘

e |[WV as function of temperature
observations by radiosonde at altitude of
GNSS antenna
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Corrected IWV’s from GNSS-GDP Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

. OLindenberg, IWV(RS-LINO), med 1.3kg m~2, uc med 0.52kg m™2
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Corrected IWV’s from GNSS-GDP Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

. 0Lindenberg, IWV(RS-LINO), med 1.3kg m~2, uc med 0.52kg m™2
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Deutscher Wetterdienst g
Wetter und Klima aus einer Hand B ‘

Microwave Radiometer?

3
BUAN
‘w Lindenberg Meteorological Observatory %
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IWV (RS41GDP - Hatpro GS MWR) Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

MWR:
* Passive observation of Brightness temperature :  Lindenberg, IWV(RS-MWR), med 0.2kg m™*, uc med 0.50kg m~*
+ K-band (22.5 GHz) = '
e V-band (60 GHz) 4
* |WV from 2x Hatpro G5 data with 1s resolution 31 . .W?imi :
* Data averaged for 15 minutes after RS launch | 27 '
e Systematic uncertainties from Hatpro G5 Ig, N
technical description s _(1)
¢ Random uncertainties from std(IWV) of the 15 < .
minutes time window g
* Independent calibration —4 1
* MWR trained with RS data ~5
Altitude difference compensated! = o . - - .

Date

‘\“\{9 Lead Centre

Lindenberg Meteorological Observatory
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IWV (RS41GDP - Hatpro G5 MWR) Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

Lindenberg, IWV(RS-MWR), med 0.3kg m~2, uc med 0.45kg m~2 Lindenberg, IWV(RS-MWR), med 0.3kg m~2, uc med 0.45kg m~—2
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IWV (RS41GDP - Hatpro G5 MWR) Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘
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Deutscher Wetterdienst g
Wetter und Klima aus einer Hand B ‘

Can we measure atmospheric refractivity using
Radiosonde data?




ZTD (RS41G D P - G NSS) Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

* Saastamoinen (1972) simplified + correction
Lindenberg, ZTD(RS-LINO), med 0.003m, uc med 0.070m

for atmosphere center of mass 0.20 o=
1255 0.18 A I | | U(ZTD)RS—GNSS: k=2
p_l_ +0_05 e 0.16 - 4 : : X U(ZTD)R_S-GNSS,k=3
e ZTD = 0.002277 [P (2% )e] 0.14 A - | L f AN TN | [
 T-—surface temperature 8(1)2 ‘
* p-—surface pressure 0.06
. 0.04 A
* e —surface WV partial pressure £ 0.02-
At O 0.00 -
* @ —latitude 5 Pl
* H-altitude ~0.04 -
—0.06 -
—0.08 -
H =0.10
e ZTD typical values 2-2.5 m 8o
—-0.14 -
. —0.16
* U(ZTDgyss) typical values 1-5 mm _018 -
—020 T T T T
* U(ZTDgg) typical values 5-10 cm 2021 o P 2024

\‘\{% Lead Centre
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Deutscher Wetterdienst g
Wetter und Klima aus einer Hand B ‘

What about other GRUAN stations?

AN,

7 1
- GRUA o
Lead Centre Lindenberg Meteorological Observa:ory l
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GRUAN network IWV(RS — corrected GNSS) Deutscher Wetterdienst

Wetter und Klima aus einer Hand B ‘

Station

Period

Num obs

AWV

o (AIWV)

u(AIWV)

WV

Verdict

mean

mean

Consistent

Barrow 2018 — 2024 2353 1.1 kg m2 0.73 0.42 kg m- 17 /19 % 2 mm Inconsistent
+ trend no trend Sig. Different

Beltsville 2018 — 2024 70 0.3 kg m~ 1.03 0.77 kg m-? 66 / 24 % -4 mm Consistent
(small sample)

Graciosa 2019 — 2024 417 1.2 kg m2 0.97 0.77 kg m-2 30/40 % 15 mm In Agreement
Lauder 2018 — 2024 2685 0.6 kg m=2 3.78 0.55 kg m2 49 /10 % 9 mm Sig. Different
Lamont 2019 — 2024 4113 0.9 kg m2 0.99 0.84 kg m- 39/41 % -4 mm In Agreement
Lindenberg 2019 — 2024 4066 1.3 kg m2 0.74 0.51 kg m- 9/20 % 3 mm Sig. Different
NyAlesund 2018 — 2024 2485 0.7 kg m- 0.61 0.39 kg m-? 35/29 % 11 mm In Agreement
Payerne 2019 — 2024 2204 0.6 kg m2 0.72 0.57 kg m-? 41 /36 % 7 mm In Agreement

Ross Island 2019 — 2024 1012 -0.1 kg m- 0.46 0.35 kg m- 837112 % 5 mm Consistent

_
-
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Graciosa IWV(RS—GNSS)

Deutscher Wetterdienst
Wetter und Klima aus einer Hand B ‘

APWV / mm

Raw data

Graciosa, PWV(RS-ENAO), med 1.7mm, uc med 0.77mm

U(PWV)gs - gnss, k=1
U(PWV)gs - gnss, k=2
24 U(PWV)gs - gnss, k=3
PWV(RS-ENAO) ¢
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Date

AWV / kg m™2

Corrected data

Graciosa, IWV(RS-ENAO), med 1.2kg m~2, uc med 0.77kg m~2

6
u(IWV)gs - gnss, k=1
u( RS - GNss, kK=
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Conclusions

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

9

RS-GNSS IWV:

* Significant metrological opening

* Observations suspicious

* Differences in the range of 10% of IWV
* Focus: GNSS IWV conversion from ZTD
RS-MWR IWV:

 Towards metrological closure

e Observations consistent

* Focus: MWR GDP

ZTD(RS-GNSS)

* Diffrences less than 1% of ZTD

* Observation consistent

-

:;/ T‘)‘ \

RS-MWR

Hl Consistent
B In agreement
Sig. different
Inconsistent

IWV, Lindenberg

‘\“\{# Lead Centre
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Wetter und Klima aus einer Hand

Food for thought Deutscher Wetterdienst g
N/

Use RS observations to
Improve GNSS
observations in GDP’s?

Bind GDP’s?
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Weighted mean Temperature difference peutscher wetterdienst

Wetter und Klima aus einer Hand B ‘

max diff IWV vs temperture error (I)_indenberg, Temperature mean(RS-LINO), med -1.3K, std 2.75K
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