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What is GRUAN? __GRUAN

Global Climate Observing System (GCOS) Reference Upper Air Network

Network for ground-based reference observations for climate in the
free atmosphere in the frame of GCOS

Currently 27 stations, envisaged to be a network of 30-40 sites across the
gIObe GCOS Reference Upper-Air Network
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GRUAN Measurements and ”DNs"
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Establishing reference quality GRUAN
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GRUAN Structure
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GRUAN GNSS-PW TT

Goal: To develop explicit guidance on hardware, software

and data management

practices to obtain

GNSS PW

measurements of consistent quality at all GRUAN sites.

Leverage from IGS resources!
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GNSS-PW Uncertainty Estimate aglRuaN

Ning, T., Wang, J., Elgered, G., Dick, G.,
/WD =7TD - ZHD 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

- O7TD 2 22767O'p0 & Poa'c . on 2
oPw = ( I ) +( f(A,H)n) +(f(A,H)l'I) +(PWF)

6z1p (>79%); o, (10-20%); o7y (2-4%)
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GFZ: GRUAN GNSS Data Product@®

GRUAN GNSS Site GRUAN Data Distribution

[ Measurement J [ Distribution ]
Raw data, Data
meta-data products

GRUAN GNSS Processing Centre GRUAN Lead Centre

Archive of data \ Archive of data (backup)

Pre-processing / Converting Raw + converted Meta-data database
} data, meta-data

Processing / Reprocessing Monitoring (GRUAN)

. — ) Data products
Monitoring (internal) Statistics & Reports

Courtesy: M. Sommer, K. Rannat, Galina Dick
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Application:
Importance of Knowing the uncertainties

> Is a crown made of 18-karat
gold or a cheaper alloy?

» Fact:
= 15.5 gram/cm®

= 13.8 gram/cm’.
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Application: Intercomparisons

Manus
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RUAN

AN

Uncertainty, Redundancy and Consistency

GRUAN stations should provide redundant measurements
Redundant measurements should be consistent:
+ No meaningful consistency analysis possible without uncertainties
< if m, has no uncertainties use u, = 0 (“agreement within errorbars”)

im1 —ma| < ky/ui+u3 TRUE FALSE significance level

k=1 consistent suspicious 32%

in agreement  significantly different 4.5%
L= L=

- inconsistent 0.27%

Immler, F. J.; Dykema, J.; Gardiner, T.; Whiteman, D. N.; Thorne, P. W. and Vomel, H., Reference Quality Upper-Air
Measurements: guidance for developing GRUAN data products. Atmospheric Measurement Techniques, 2010, 3, 1217-1231.
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2. Statistical Analysis

N/Mean/SD=2324/-2.3/0.86

(mm)

E,=Ez=S.D.A2
= 0.86/42=0.61 mm
Theoretical analysis:
0.56/0.64/0.66 mm
(Tong et al. 2016) voEesm
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— GPS -1.17 mm/dec
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Summary _GRUAN

Strong collaborations between GRUAN and IGS! Thank
youl!!!

2. Looking for potential GRUAN sites at IGS or other GNSS
sites!

3. Looking for collaborations on better ZTD uncertainty
estimates!

GCOS Reference Upper-Air Network
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