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* Materialized by more than 400 permanent GNSS stations.

Referencia Geocéntrico para -« Densification of the ITRF in Latin America and the Caribbean.
las Ameéricas * Rigorously processed at weekly bases.

Zenit Total Delay (ZTD) estimation

OPERATIONAL SIRGAS PROCESSING

Software Bernese v5.2
Observations GPS+GLONASS
Sampling interval 30 seconds
Orbits and EOP Final IGS products IgswwwwD.sp3

Pre-processing

A-priori toposphere
modeling and Parameter estimation

mapping funtion

Estimation of horizontal
gradients

Parameter spacing

igswwww?.erp

GMF (Bohm et al., 2007) and
VMF (Bohm et al., 2006)

VMF + Gridded
VMF1 coefficients

CHENHER: Model described in

Chen and Herring (1997)
(24 hours)

1 or 2 hours
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The ACs ZTDs are the input data for the weekly SIRGAS combined tropospheric products
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Redundancy
Each station is
processed by 3 ACs

weighted

process

ZTD per hour

[

24 ZTDs per day, per station
8 SIRGAS Analysis Centres

3 ZTD values for each station per hour
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SIRGAS
tropospheric
products

ZTD p/h ; G

12

~ 40O GNSS stations
7 years (2014-2020)

Filter applied
c>0.02m
Discarded

Internal precision of SIRGAS final ZTDs
Mean RMS = 1mm

(in the 90% of estimated values)

Mackern M.V., Mateo M.L., Camisay M.F., Morichetti P.V. (2020). Tropospheric Products from High-Level GNSS

Processing in Latin America. International Association of Geodesy Symposia Series, Vol 152, open access,

doi: 10.1007/1345 2020 121
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ZTDyss 5 Validation wrt ZTD, External precision analysis of the
final SIRGAS ZTDs
60 GNSS,; stations / IGS stations (distributed in different regions)
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Histogram. Bias (ZTD,5s-ZTDgg) [mm]

Histogram, RMS (ZTD,¢-ZTDs;5) RESULTS
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ZTDgyss sir Validation wrt Radiosonde data (RS)
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External precision analysis
of the final SIRGAS ZTDs

Radiosonde profiles were downloaded from Wyoming Weather Web
http://weather.uwyo.edu/upperair/sounding.

DATA: Precipitable water [mm] for entire sounding (PW o IWVg)

Askne and Nordius, 1986
Methodology  iackern mv. et al, (2020). doi: 10.1007/1345_2020 121 Rieger, 2002
.9 373463) () 461499178
TSR 1) PWes (WV), 00 and 12 h UTC » zwp - BIUE T JO ST,y
2) Temperature and dew-point from
the profiles _— [ e/T dz @
3) Phgs Jie/T? dz
- Pgyss
Davis, 1985 ZHD = 0,002276738. 1 — 0, 00266. cos (2¢) —0.2&10‘@}:.5,—,».,;(%5)

Pinss = Prs(1 —0.0000226 (hgnss — hrs))">  (4)

Output
Experience: ZTDgs = ZHD+ZWD
42 GNSS,; stations / radiosonde 00 and 12 h UTC
within 30 km
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42 GNSS,, stations / radiosonde
in different regions

ZTDgyss s Validation wrt Radiosonde data (RS)
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ZTDgyss s Validation wrt Radiosonde data (RS)

42 GNSS, stations / radiosonde within 30 km

a) ZTD/bias: GNSS minus RS [mm] b)ZTD/SD: GNSS minus RS [mm]
-100 -80 -60 -40 ‘ -100 -80 -60 -40

'BIIMU‘ .BRMU

20
20

2
-20

3 ISPA

References |

= -~ §§ ¢y References
Bias [mm) SD [mm]
@ 246--208 @ss-78
@ 208--144 @ 78-105
@ 144--61 o @ 105-126
@ 61-08 @ 126-139
S o0s-ss ‘ 8 B0 139206 | ‘ : 3
-100 -80 -60 -40 ' -100 -80 -60 -40
Results:
Mean Bias = - 8.6 mm (0.37 % of the mean ZTD)
Mean SD = = 11.4 mm (0.49 % of the mean ZTD) 9

Mean correlation coefficient = 0.97
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Availability of SIRGAS tropospheric products Where can they be
http://www.sirgas.org/en/tropo-delays/ downloaded?

Home Tropospheric delays |

Presentation

Organization Within the weekly processing of the SIRGAS Continucusgly Operating Network {SIRGAS-CON), the SIRGAS
Analysis Centres operationally estimate tropospheric Zenith Path Delays (ZPD) with an hourly sampling rate.
These ZPD esfimates are the input data for the generation of SIRGAS fropospheric products, which provide
Realizaticns weekly combined troposphere estimates of high-reliability for each SIRGAS station. The siation positions, as a

Reference system

Reference netwark necessary part of this analysis, are taken from the SIRGAS weekly combined solutions. Consequently, stafions

without estimated positions in the weekly combination are not included in the combined tropospheric solution.
Matienal densifications

The SIRGAS fropospheric products are computed by the SIRGAS Analysiz Centre for the Neutral Atmosphere
(CIMA). which iz operated by the Facultad de Ingenieria of the Universidad MNacional de Cuyo {UNCuyo,
Mendoza, Argenting) in cooperation with the Facultad de Ingenieria of the Universidad Juan Agustin Maza
Publications {Mendoza, Argentina) and with support of the Argentinean Consejo Nacional de Investigaciones Cientificas y
Técnicas (COMICET).

Products

Events

Preszentations

Web, Links & Contact The SIRGAS tropospheric products are weekly generated with a latency of 30 days. They are available with an
hourly sampling rate in daily SINEX TRO files since January 2014 and they can be downloaded from

hosted by: fipiiftp.sirgas.org/publgps/SIEGAS-ZPDY [
“ﬂ1 IMaore details about the processing strategy can be found at

Mackermn M.V, Mateo M.L., Camizay M.F, Morichetti FV. (2020). Tropospheric Products from High-Level
GMNS5 Processing in Latin America. Infermational Asscciation of Geodesy Symposia Series, Vol 152, open
access, doit 10.1007/1345_2020_121[3.

Whenever you use the SIRGAS tropospheric products, please include this publication as a citation.

IGS SINEX format

YEAR / DAY / $SSSddd0.yyzpd.gz i
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ZTD (GNSS) c/1h, delay 21 days,

Integrated Water Vapor (IWV)

Pmsl, 2mT (ERAS) c/1h , delay 5 days Calculation strategy
|n put "ERADS hourly estimates of variables on single levels"

Mean sea Ievel pressure

Berg ,1948 ‘ l
Pgnss = Prep. (1 —0,0000226. (hGNSS href))5225

Weighted combination

pGNSS B (opemcus
" s ZHD = 0,002276738.
ZWD = ZTD-ZHD 1 - 0,00266.05(2) — 0,28.10 % hgss G
‘ Davis, 1985 ~ ECMWF i imate Change
ERAS
AERIWADEN = II= 375463 Askne and Nordius, 1986

(22,9744 + ) .0,4614991785 Riieger, 2002

Tm ’
Output > '
$ Mendes, 1999 Tm = 50,4 + 0,789.Ts
2m Temperature
wy
Each 1h, delay: 28 days .
Units:

ZTD, ZHD and ZWD [m];
k
WV lm—%l ; P[hPa];h [m]; Tmand Ts [K]
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VALIDATION: IWV; 5z wrt Radiosonde data (RS)
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42 GNSS,, stations / radiosonde
in different regions
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Validation : IWVgyes sir - IW Vs SIR /

a) IWV/bias: GNSS IWV minus IWV RS [kg/m?] b) IWV/SD: GNSS IWV minus IWV RS [kg/m?2]
-100

:/"’I,SP‘A-

References (@maor ? F) References

Bias [ka/mZ2] E SD [kg/m?2]

@ 405--3.06 @ o0-14

@ 306--212 @ 14-18

@ 212-085 A @ 18-24
ah

() -0.85-0.59 P 24-29
{1 059-2.18 > SN 29-41

Mean Bias = - 1.08 kg/ m?
Mean SD =+ 2.22 kg/ m?
Mean correlation coefficient 0.96 12
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CONCLUSIONS

The ZTD final SIRGAS products are available from 2014, with an hourly interval, with a latency of 28 days

The Internal precision of SIRGAS final ZTDs is 1Imm .

An External analysis could evaluate the accuracy of SIRGAS final ZTDs:
* respect to ZTD Mean Bias = 0.76 mm (0.03 % of the mean value of ZTD)
Mean RMS = 6.6 mm (0.29 % of the mean value of ZTD)
* respect to RS Mean Bias = -8.6 mm (0.37 % of the mean value of ZTD)
Mean SD = = 11.4 mm (0.49 % of the mean value of ZTD)

Mean correlation coefficient = 0.97

This results conclude that ZTD SIRGAS products are consistent over the entire region and provide a
reliable time series of troposphere parameters, that could be used as a reference in further research

 The ZTD final SIRGAS products are used to calculate IWV products, they are available from 2014, with an
hourly interval, with a latency of 28 days

* This indirect method allows the estimation of IWV with an accuracy of 2.22 kg/m? (mean SD), with a
significant correlation with respect to the IWV,¢ (r > 0.96), in line with previous studies.

* Based on the validation results, it is confirmed that the method applied for the calculation of IWV, can be
used for the analysis of water vapor content, with an unparalleled densification both spatially and
temporally (hourly), complementing the radiosonde records on continental territory. Highlighting the
capability of the GNSS stations to provide IWV ¢ estimates for a denser network

14
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Thank you for giving us the opportunity to share our progress!!!
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