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Introduction 

 

This document presents the Deliverable D2.1a for the COASTALT project, 
CCN 3, CONTRACT N. 20698/07/I-LG and is delivered for fulfilment of 
milestone M11. 

The present report describes the work that has been done at University of Porto 
(UPorto) concerning the global assessment of the GNSS-derived tropospheric 
fields. According to the plan presented in [RD1] this is an important step in the 
preparation of the global implementation of the GNSS-derived Path Delay 
(GPD) method to derive the wet tropospheric correction for coastal altimetry. 

 

The document is divided in five sections. Section 1 introduces and describes 
the datasets used throughout the document. Sections 2, 3 and 4 present the 
studies related with the Zenith Total Delay (ZTD), Zenith Hydrostatic Delay 
(ZHD) and Zenith Wet Delay (ZWD) fields, respectively. 

The main conclusions are summarized in section 5. 
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1 Datasets 

1.1 Introduction 

The major aim of the present study is to make an assessment of the GNSS-
derived tropospheric parameters and to determine the best way to separate the 
total tropospheric correction (ZTD) into the dry (ZHD) and wet (ZWD) 
components. For this purpose, several studies have been performed, described 
in this report. 

This study has been conducted using various datasets that will be described in 
this section. These include: 

  GNSS (Global Navigation Satellite System) derived tropospheric delays 
from UPorto solutions using the GAMIT software 

  ZTD solutions, available online, from the International GNSS Service 
(IGS) and EUREF Permanent Network (EPN)  

  In situ pressure data at a network of GNSS stations 

  ECMWF (European Centre for Medium-range Weather Forecasts) global 
grids of several surface atmospheric parameters 

  VMF1 (Vienna Mapping Functions 1) global grids of ZHD available online 

  Envisat and Jason1 altimetry data from the Radar Altimeter Database 
System (RADS) 

 

The period of analysis adopted in this study is from 1 January 2002 to 31 
December 2009, from now on just referred as 2002-2009. Whenever applicable, 
a global analysis has been performed, that is the study region comprises the 
whole ocean and coastal regions covered by the Envisat satellite. 

 

1.2 Description of datasets  

 

1.2.1 GNSS- derived tropospheric delays from UPorto 2010 solutions  

 

UPorto ZTD solutions have been computed for a global set of 52 stations 
chosen according to the criteria described below.  

The main characteristics of this processing are: 

  Period: [2002 - 2009] 

  Software used ï GAMIT (Herring et al. 2006) 

  30-second phase measurements were used, processed using double 
differences 

  IGS precise satellite orbits and clock parameters have been used 

  atmospheric parameter estimation interval -  30 min (interpolated to 
15 min interval using the metutil GAMIT routine 
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  cut-off elevation angle -  7 degrees 

  Mapping Functions used ï VMF1 (Boehm and Schuh, 2004)) 

 

In the selection of the sites a set of criteria has been carefully considered, in 
order to choose a set of stations covering the various levels of variability of the 
most relevant atmospheric and oceanic conditions. 

 

GNSS station selection criteria:  

1- station location at a distance from the sea below 10 km  

2- belong to IGS Reference Frame 

3- possess a meteorological station 

4- station location close to altimetry ground tracks 

5- station location in regions with large variability in the atmospheric pressure 
and humidity. 

A total number of 52 sites were chosen (19 EUREF, 33 IGS), represented in 
Figure 1. From these, 46 are coastal sites with a distance from the coast < 10 
km. 

 

 
Fig.1 ï Location of the network of 52 stations used in the UPorto 2010 

GNSS solutions. red  -  sites that belong to IGS Reference Frame and 

possess a meteorological station (13 sites: KOKB, CHAT, ISPA, AL BH, 

HLFX, STJO, QAQ1, RE YK, HOFN, PDEL, SEY1 , COCO, TOW2 ); green -  sites 

that belong to IGS Reference Frame but do not possess a meteorological 

sta tion (19 sites: ASPA, KERG, HOB2, MA C1, GUAM, SFER, RABT , ONSA, CRO1, 

MAS1, DGAR, GLPS, CA GL, TROM, AMC2, BJFS , BRAZ, OHI3, POL2 ); blue  -  

sites with meteorological station which do not belong to IGS Reference 

Frame (8 sites -  SIO3, ISTA, AUCK, GA IA, CASC, LAGO, HELG, MBAR) -  

bbll aacc kk: sites not belong to IGS Reference Frame neither possess a 

meteorological station, which were chosen to fit criteria 4 and 5 

mentioned on the main text (12 sites: VACS, BHR1, PIMO, TW TF, BRMU, 

CONZ, NEWL, ACOR, MA LL, VALE, DARE, M ORP).  
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A note must be added  to give an idea of the computational effort involved in 
this processing.  

The processing took place at a Workstation with 2 x Quad Core (8 CPU, 2.0 
GHz each), 4GB RAM and 3TB hard disk space, acquired during COASTALT 
phase 1. With 8 CPU's it is possible to run 8 simultaneous processes, but 
experience showed that, for CPU optimisation, only 6 runs should be performed 
simultaneously. 

For the 52 stations network the processing takes 2/3 hours for each day of data 
using only one CPU. One year of data takes about 1 week with 6 CPU's. This 
estimate assumes that all processes run without interruptions, which is hardly 
the case. In practice, this processing took several months with a researcher 
almost dedicated to this task. 

 

 

1.2.2 ZTD soluti ons from IGS and EPN  

 

Both IGS and EPN provide online ZTD solutions, which have been compiled for 
a large number of stations (487). So far, not all these stations have been 
analysed, but only those which possess surface pressure data and those 
common to the UPorto 2010 selected network described above. 

 

Both IGS and EUREF adopt processing strategies which in various aspects are 
different from the UPorto processing. Below are summarised the main aspects 
of the adopted processing methodologies in each of the centres. 

 

IGS PROCESSING of ZTD (ñIGSnewò solutions) (Kouba, 2009a) 

  These solutions are available from 2000 onwards 

  software used: Gipsy (Zumberge et al., 1997) using PPP (Precise Point 
Positioning) with IGS Final orbits/clocks  

  atmospheric parameter estimation interval - 5 min  

  cut-off elevation angle - 7 degrees 

  mapping functions ï Niell (Niell, 2001) used until March 2009; GMF 
(Boehm et al., 2006)  from there onwards. 

 

PPP eliminates the need to acquire simultaneous tracking data from a reference 
(base) station or a network of stations. This technique allows the processing of 
data from a single station to obtain positions with centimeter precision within the 
reference frame provided by the IGS orbit products and it takes full advantage 
of consistent conventional modeling and the highly accurate global reference 
frame, which is made available through the IGS orbit/clock combined products. 

The IGS combined ZTDs, at 2-hour intervals, derived from the contributions 
made by up to eight Analysis Centres (AC) for up to 200 globally distributed 
GPS tracking stations have been compared with estimates derived from other 
techniques and have proven to be quite precise (~7 to 8 mm) and accurate 
(Gendt, 1996).  
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After November 4, 2006 (GPS Week 1400) the combined ZTD products have 
been replaced with the ñIGSnewò ZTD products, which have 5-min sampling, 
are available from 2000 for all IGS stations and are based on GIPSY PPP with 
IGS Final orbits/clocks (Byun and Bar- Sever, 2009). 

 

EUREF PROCESSING of ZTD 

- software used ï Bernese (Dach et al., 2007) 

- atmospheric parameter estimation interval ï 1 hour 

- cut-off elevation angle - between 3 and 15 degrees (3 in the  majority) 

- Mapping Functions - Niell and GMF (Niell in the majority) 

 

The daily ZTD of the individual Analysis Centres are combined on a weekly 
basis to form the EUREF tropospheric product. This product consists of one 
weekly ZTD file with a sampling rate of 1 hour. The combination is carried out 
following today's IGS standards: epoch-wise combination of the individual 
solutions as weighted mean with rigorous outlier detection in consecutive steps. 
Biases between the individual solutions and the mean are taken into account. 
The final estimates are computed epochwise as weighted mean with each AC 
contribution corrected by the ACs bias (this way missing observations of the 
individual ACs will not result in gaps within the combined solution). 

In the EUREF processing three epochs are identified with changes introduced 
to the processing: GPS weeks 1133 (23 September 2001), 1319 (17 April 2005) 
and 1440 (4 November 2006). These changes are mainly related to the 
sampling interval, the a priori models and the mapping functions used for ZHD 
and ZWD. The major change occurred in 4 November 2006. 

 

As already mentioned in [RD2] IGS and EUREF tropospheric parameters are 
provided as ZTD solutions at station height, therefore they require external 
information to separate ZTD into the two dry and wet components and make the 
reduction to sea level. 

 

 

1.2.3 In situ  pressure data at a network of GNSS  stations  

 

Considering that each meteorological station is absent from instrumental errors, 
the most accurate way to estimate the ZHD at each GNSS site should be the 
computation from the in situ pressure data, using the Saastamoinen model 
(Davis et al., 1985).  

To assess the estimation of the ZHD from in situ pressure data, pressure data 
have been analysed for a set of 66 stations. Only stations up to a distance of 
50 km from the coast were considered. From these, 50 are at a distance from 
the coast Ò 10 km. 
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1.2.4 ECMWF global grids of several atmospheric parameters  

 

ECMWF provides global 0.25°×0.25° grids of several atmospheric parameters 
every 6 hours (ECMWF, 2009). In the scope of this study, the atmospheric 
fields of four single-level parameters of the Deterministic Atmospheric Model 
were obtained for the period [2002 ï 2009] and for the whole globe: 

- Sea level pressure  (SLP) 

- Surface pressure  (SurfP) 

- Surface temperature (2-meter temperature, 2T) 

- integrated water vapour (total column water vapour, TCWV) 

 

 

1.2.5 VMF1 global grids of ZHD  

 

In the scope of the development of the VMF1, together with the mapping 
function coefficients, the authors also provide global grids of ZHD and ZWD, 
estimated from ECMWF fields. These are provided online in the form of global 
grids of 2°latitude x 2.5°longitude. 

 

 

1.2.6 Envisat and Ja son1 Altimetry  

 

For the purpose of comparing the wet \tropospheric correction derived from the 
Microwave Radiometer (MWR) onboard the Envisat and Jason1 satellites with 
the corresponding GNSS-derived ZWD, altimeter data have been selected from 
a well known database: RADS. 

For this purpose, data were extracted assuring that all 1 Hz ocean 
measurements are kept. These are the measurements for which the altimeter 
land/ocean flag is set to 0. 

When using RADS to extract data for coastal altimetry studies, attention must 
be paid to the fields specified as default corrections used in the construction of 
the Sea Level Anomaly (SLA) field. For example, if the GOT4.7 (Ray, 1999) 
global tide model is used to compute the SLA, a number of points along the 
coast will be rejected, if the points with non valid SLA field are cleaned (in the 
RADS output file these fields appear with a NaN value). This happens because 
the GOT models are provided at 0.5° x 0.5° grids, as illustrated in Figure 2. As a 
consequence, all points shown in red in the mentioned figure will be rejected. 

To avoid this, for this study RADS extraction was performed only using the 
altimeter land/ocean flag and keeping al points with a value 0 for this flag, even 
if some of the remaining extracted fields possess NaN values. In this way we 
assure that there is no data loss in the coastal regions. 
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Fig.2 ï Illustration of the behavio ur of the GOT4.7 tide model in the 

coastal regions of SW Europe. Black/Whit e dots over a white/black 

background represent valid/invalid nodes, respectively, of the model 

grids (0.5 ° x 0.5 ° ). Blue and red points show Envisat 1  Hz measurements 

which have a valid and invalid GOT4.7 tide correction, respectively.  

 

As already mentioned in [RD2], concerning the MWR-based wet tropospheric 
corrections, the following updates are performed in RADS: 

- at the beginning of Cycle 51, the Envisat MWR processing at F-PAC 
(French Processing and Archiving Facility) includes a side-lobe 
correction. This is intended to better model land contamination in the side 
lobes. The product containing the corrected TBs has been provided to 
RADS by ESA and has been incorporated, for cycles up to 50. For cycles 
51 onwards this effect is already included in the Envisat GDRs. So, in 
RADS this effect is applied to all cycles in a consistent way; 

- in RADS a drift to the TB23 is also applied: )K(t156.023TB'23TB Ö+= , 

where t is time in years since 19 October 2002. The wet tropospheric 
correction is then recomputed using the corrected TB (TB23ô). 
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2 ZTD assessment at global scale  

2.1 Comparison between UPorto and IGS/ EUREF ZTDs  

The evaluation of the accuracy of tropospheric GNSS-derived ZTD solutions is 
a difficult task, even more difficult than the evaluation of the positioning 
accuracy. In the absence of external independent data, one way to evaluate the 
ZTD estimates is by comparing the tropospheric parameters obtained by 
different software and processing strategies. 

For this purpose, the UPorto 2010 and IGS/EUREF solutions have been 
compared by analysing the differences between UPorto and IGS/EUREF 
station-height derived ZTDs, for the whole set of 52 stations and period [2002 - 
2009]. Results are presented in Table 1. 

For all stations and for this period (26 393 273 data values), the statistics of the 
differences are, in mm, 2.8, 9.2,-2299.8 and 191.3 for the mean, standard 
deviation, minimum and maximum, respectively.  From these values it is clear 
that the largest differences are from outliers and its understanding required a 
detailed analysis. 

The plots of the ZTDs of each dataset (IGS and EUREF) and their differences 
to UPorto solutions were analysed for all stations. Results show that, on 
average, the pattern of the differences is different for an IGS and an EUREF 
station. The information provided by the IGS and EUREF centres, summarised 
in section 1.2.2, helps to understand these results.  

Figures 3 to 6 illustrate some representative examples. In the top plots the ZTD 
values are represented (in metres): from UPorto solutions (in red) and from 
IGS/EUREF (in blue). The bottom plots represent the ZTD differences in mm. 

Figures 3 and 4 show the differences for two EUREF stations (CASC and 
HELG). These are illustrative of the pattern of the differences between UPorto 
ZTDs and those of most of the EUREF stations. The differences show an 
irregular pattern, with higher differences at the beginning and various 
discontinuities during this period. These discontinuities are related to changes in 
the processing adopted at the EUREF centres.  In contrast, UPorto solutions 
have been derived using a uniform methodology for the whole period. As 
mentioned above, a major change in the EUREF processing occurred in 
November 5, 2006, after which the differences, for all EUREF stations become 
uniform and reduce to the values presented in Table 2. 

Figure 5 illustrates the results for an IGS station (AUCK) where the pattern of 
the different is almost uniform for the whole period, consistent with the 
information that these IGS solutions are now consistent for the whole period. 

 

Table 2 presents, for all 52 stations, the differences (UPorto ï IGS/EUREF) for 
the period from 5-Nov-2006 to 31-Dec-2009. The sigma value of 4.41 mm with 
a 0.0 mm mean obtained for the last period, should be a realistic indicator of the 
accuracy of UPorto GNSS solutions, considering that these solutions are 
derived using state-of-the-art parameters and mapping functions.  

In spite of the small mean and standard deviations shown in Table 2, for some 
of the stations the extreme values are still quite high. This is illustrated in Figure 
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6 for the PDEL station. This station, as all others, has small mean and sigma 
values (-2.0 mm and 3.3 mm, respectively), but the extreme differences exceed 
5 cm. 

Tab.1 ï Statistics (mean , standard deviation, minimum and maximum) of 

the differences between UPorto and IGS/EUREF ZTDs, at station height, 

for the period 2002 - 2009.  Blue  ï EUREF stations; black ï IGS stations.  

 

SITE NAME NPOINTS MEAN (mm) SIGMA (mm) MIN (mm) MAX (mm) 

ACOR 61994 6.2 6.6 -37.8 56.2 
ALBH 801192 2.5 43.6 -2299.8 27.3 
AMC2 795508 0.1 3.7 -33.4 34.9 
ASPA 624052 -3.5 5.0 -38.7 32.9 
AUCK 766363 2.8 3.8 -63.7 34.0 
BHR1 112639 -0.8 2.5 -23.4 18.4 
BJFS 717320 4.9 5.0 -37.1 31.7 
BRAZ 702012 3.1 5.2 -45.1 47.2 
BRMU 704346 3.3 5.1 -42.6 54.7 
CAGL 552910 2.8 3.9 -25.1 28.7 
CASC 66120 3.5 5.2 -26.8 36.1 
CHAT 777213 3.6 4.0 -64.1 52.1 
COCO 661050 2.2 4.8 -40.0 47.5 
CONZ 612479 2.0 4.8 -22.8 33.2 
CRO1 524257 3.5 6.6 -37.5 46.9 
DARE 49308 4.7 6.8 -32.1 46.8 
DGAR 502846 1.9 5.2 -43.7 67.4 
GAIA 62600 2.0 4.5 -34.9 39.8 
GLPS 573134 1.9 3.5 -28.3 125.4 
GUAM 696494 1.9 6.4 -55.1 68.2 
HELG 66609 6.6 6.9 -36.3 47.2 
HLFX 696411 3.2 4.8 -30.9 40.4 
HOB2 704604 3.7 4.0 -32.0 34.1 
HOFN 604882 2.4 4.1 -53.4 30.4 
ISPA 509620 0.5 4.2 -31.0 25.5 
ISTA 445873 4.0 3.2 -24.5 28.8 

KERG 705058 5.5 6.6 -51.2 55.0 
KOKB 745709 0.9 4.9 -35.1 37.1 
LAGO 60263 2.6 4.9 -62.2 50.0 
MAC1 708790 6.5 4.5 -27.1 37.7 
MALL 67612 9.9 10.3 -27.1 54.1 
MAS1 564956 4.1 4.9 -24.6 40.5 
MBAR 514422 2.3 4.5 -28.0 26.9 
MORP 378736 3.5 4.5 -28.9 35.8 
NEWL 35383 5.9 7.4 -53.0 90.4 
OHI3 501498 3.4 4.4 -24.8 49.0 
ONSA 602197 2.9 3.6 -31.4 44.4 
PDEL 570139 1.3 4.0 -55.8 70.9 
PIMO 536525 3.7 8.9 -47.0 53.0 
POL2 749472 3.9 3.9 -19.2 26.0 
QAQ1 548067 2.6 3.8 -23.6 27.2 
RABT 491225 4.1 5.5 -35.5 44.8 
REYK 550927 2.8 3.9 -25.3 35.6 
SEY1 433505 6.4 7.4 -36.7 47.5 
SFER 573482 2.6 4.6 -44.0 191.3 
SIO3 671305 4.9 4.7 -24.3 37.6 
STJO 774039 3.4 4.7 -38.0 35.9 
TOW2 699355 1.0 4.4 -40.7 32.2 
TROM 724674 2.0 3.6 -23.3 23.6 
TWTF 736306 1.7 5.0 -46.4 43.5 
VALE 57792 4.7 6.7 -60.8 72.2 

TOTAL 26393273 2.8 9.2 -2299.8 191.3 
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Fig.3 ï ZTD in metres (top) and differences (bottom in mm) between 

UPorto and EUREF ZTD at station height, for CASC GNSS station ( period 

2002 - 2009).  

 

 
Fig.4 ï ZTD in metres (top) and differences (bottom in mm) between 

UPorto and EUREF ZTD at station height, for HELG GNSS station (period 

2002 - 2009).  
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Fig.5 ï ZTD in metres (top) and differences (bottom in mm) between 

UPorto and IGS Z TD at station height, for AUCK GNSS station (period 

2002 - 2009).  
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Tab.2 ï Statistics (mean, standard deviation, minimum and maximum) of 

the differences between UPorto and IGS/EUREF ZTDs, at station height, 

for the period (2006  November  5 -  2009 December 31). Blue  ï EUREF 

stations; black ï IGS stations.  

 

SITE NAME NPOINTS MEAN (mm) SIGMA (mm) MIN (mm) MAX (mm) 

ACOR 25650 0.2 3.0 -37.8 30.0 

ALBH 319127 -0.6 3.6 -25.9 19.5 

AMC2 315252 -2.4 3.1 -33.4 15.8 

ASPA 207765 -2.2 5.0 -38.7 32.9 

AUCK 315964 0.9 3.2 -31.1 22.2 

BHR1 112639 -0.8 2.5 -23.4 18.4 

BJFS 296216 0.9 3.3 -37.1 22.2 

BRAZ 271660 -0.2 3.8 -37.2 27.2 

BRMU 285495 -0.2 4.0 -34.9 54.7 

CAGL 119034 -0.6 3.1 -25.1 21.3 

CASC 26678 -0.5 2.8 -26.8 24.6 

CHAT 319198 1.3 3.4 -23.0 26.4 

COCO 206226 -1.5 4.2 -33.6 24.4 

CONZ 274276 -0.9 3.6 -22.8 23.1 

CRO1 315405 0.5 5.0 -37.5 38.0 

DARE 25679 -0.7 3.1 -29.1 25.3 

DGAR 249061 -0.5 4.7 -43.7 39.8 

GAIA 25964 -0.4 3.2 -24.7 24.4 

GLPS 241453 0.3 2.9 -28.3 24.5 

GUAM 302961 -1.6 5.8 -55.1 68.2 

HELG 26851 -0.7 3.0 -30.0 24.0 

HLFX 314502 -0.2 3.7 -27.7 28.5 

HOB2 232594 0.9 3.5 -32.0 20.5 

HOFN 112639 0.1 3.6 -24.1 27.9 

ISPA 272231 -0.8 3.8 -31.0 25.5 

ISTA 26808 -0.1 2.6 -16.7 14.6 

KERG 279305 1.3 5.3 -51.2 41.4 

KOKB 318608 -2.2 3.6 -31.5 24.5 

LAGO 25605 -1.1 2.8 -15.8 19.2 

MAC1 248108 3.7 3.6 -27.1 28.8 

MALL 26854 -1.0 3.8 -27.1 28.1 

MAS1 127192 0.3 3.5 -23.5 26.2 

MBAR 224660 -0.6 3.3 -28.0 20.4 

MORP 68163 -0.9 3.4 -24.9 21.2 

NEWL 18777 0.1 3.2 -53.0 20.8 

OHI3 279498 3.2 4.2 -24.8 37.7 

ONSA 134308 0.2 3.1 -16.2 44.4 

PDEL 127727 -2.0 3.3 -55.8 70.9 

PIMO 288186 -0.9 7.5 -47.0 42.6 

POL2 309462 0.8 2.8 -17.1 20.4 

QAQ1 128433 1.4 3.3 -22.2 27.2 

RABT 129462 -1.7 3.9 -35.5 32.2 

REYK 127672 -0.2 3.2 -23.8 24.2 

SEY1 243133 4.5 6.8 -36.7 47.5 

SFER 130952 -0.9 3.1 -26.8 25.1 

SIO3 264490 1.8 3.9 -22.2 23.0 

STJO 301642 -0.3 3.6 -37.8 22.3 

TOW2 230960 -1.8 4.1 -40.7 32.2 
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TROM 244994 -0.2 3.4 -23.3 17.4 

TWTF 296291 -1.4 4.6 -46.4 43.5 

VALE 25633 -0.9 3.2 -29.6 21.2 

TOTAL 9841443 0.0 4.4 -55.8 70.9 

 
  

 
Fig.6 ï ZTD in metres (top) and differences (bottom in mm) between 

UPorto and EUREF ZTD at station height , for PDEL GNSS station (period 

2006  November 5 -  2009 December 31) .  

 

2.2 Analysis of the  extreme differences between UPo rto a nd 
IGS/EUREF ZTDs 

This section presents an analysis of the extreme values of the differences 
between the UPorto 2010 and the IGS/EUREF solutions, for the period 
2006 November 5 - 2009 December 31, shown in Table 2. The aim is to identify 
possible causes for these extreme differences and, whenever possible, 
eliminate this cause. 

For each station, the extreme differences between the UPorto ZTD and the 
corresponding IGS/EUREF ZTD were analyzed. Figures 7 to 11 illustrate 
representative cases where these differences are larger than 20mm. 

 

Case 1 ï Time gaps in UPorto solutions  

When, for some reason, there is no GNSS data in the RINEX files used to 
compute the UPorto solution (in red) this originates a data gap in this solution. 
Then GAMIT starts to process in the middle of a day. In most of these cases the 
GAMIT ZTD solution is nearly constant for a period of 3-4 hours, often 
originating large differences with respect to the IGS/EUREF solutions. This is 
illustrated in Figure  7. 
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The cause of this behaviour is still not identified but these nearly constant ZTD 
values can be rejected mostly on the basis of the associated high error in the 
ZWD estimate, as provided by GAMIT. 

 
Fig.7 ï ZTD in metres from UPorto (red) and EUREF (blue)  solutions, at 

station height, for  PDEL GNSS station. A minimum of - 55.8 mm is reached 

during the period shown on the figure. The bottom axis is in MJD.  

 

Case 2 ï Data jumps  

This is illustrated in Figures 8 to 10. Large jumps in IGS/EUREF ZTD values 
may occur between continuous data points in the time series. In Figures 8 and 
9, large jumps occur in the IGS/EUREF solutions while the UPorto ZTDs show  
a smoother behaviour. Figure 10 illustrates an example where a large jump 
occurs in the UPorto ZTD but not in the IGS/EUREF estimate. The first case is 
much more frequent than the second one. 
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Fig.8 ï ZTD in metres from UPorto (red) and EUREF (blue)  solutions, at 

station height, for  AMC2 GNSS station. A minimum of - 33.4 mm is reached 

during the period shown on the figure. The bottom axis is i n MJD.  

 

 
Fig.9 ï ZTD in metres from UPorto (red) and EUREF (blue)  solutions, at 

station height,  for BRMU GNSS station. A maximum of 54.7 mm is reached 

during the period shown on the figure. The bottom axis is in MJD.  

 

 

 
Fig.10 ï ZTD in metres from UPorto  (red) and EUREF (blue)  solutions, at 

station height,  for CASC GNSS station. A maximum of 24.6 mm is reached 

during the period shown on the figure. The bottom axis is in MJD.  

 

 

In some cases large jumps exist between the value of the last epoch of one day 
and the value of first epoch of the following day. The fact that the errors 
increase at the beginning and end of a day (being minimum in the middle) is a 
normal behaviour on the daily GNSS-derived tropospheric fields.  
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Case 3 ï Random behaviour  

In this case there seems to be an uncorrelated  behaviour between the two 
datasets as  illustrated in Figure 11 (biases, out of phase  and nearly in opposite 
phase). 

 

 

 
Fig.11 ï ZTD in metres from  UPorto (red) and EUREF (blue)  solutions, at 

station height,  for KOKB GNSS station. A maximum of 24.5 mm is reached 

during the period shown on the figure. The bottom axis is in MJD.  

 

In summary, in spite of the small mean and standard deviation of the 
differences between two GNSS-derived ZTD datasets, some extreme values in 
these differences may occur. The exam of these cases help to identify possible 
problems in the solutions and to mitigate the occurrence of these situations. 
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3 ZHD assessment at global scale  

3.1 Introduction  

This section describes the studies conducted with the aim to assess the 
accuracy of the ZHD determination at global scale. The final aim is to find the 
best method to estimate the ZHD at each GNSS station, to be used in the 
separation of the dry and wet tropospheric components of the estimated total 
correction (ZTD) at each GNSS station. 

As mentioned in section 1, 66 IGS and EPN coastal stations were identified with 
pressure data. For use in this section, data were sub-sampled to 1-hour 
intervals, in order to speed up the computations. 

Figures 12 to 14 show the locations of these stations over maps of the mean, 
standard deviation and normalised wavelet variance (%) of the seasonal cycle 
of sea level pressure (SLP). The mean and standard deviation have been 
computed from ECMWF grids for the year 2009. The map of the percentage of 
the normalised wavelet variance of the seasonal cycle of SLP has been 
adapted from Barbosa et al. (2009). This can be interpreted as a measure of the 
amplitude of the seasonal (annual) cycle of sea level pressure. 

 

 
Fig 12 ï Mean v alue of sea level pressure  (in hPa) and location of 

stations with in situ pressure data used in this study.  
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Fig 13 ï Standard deviation of sea level pressure  (in hPa) and location 

of stations with in situ pressure data used in this study.  

 

 
Fig 1 4 ï Normalised wavelet variance (%)  of the seasonal cycle of sea 

level pressure  (from Barbosa et al. , 2009)  and location of stations with 

in situ pressure data used in this study.   

 


