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0 Introduction

Although the past decade has seen a significant
development of the GNSS infrastructure in Central
and South America, its potential for atmospheric
water vapour monitoring has not been fully
exploited. With this in mind, we have performed a
regional, seven-year long and homogeneous
analysis, comprising 136 GNSS tracking stations,
obtaining high-rate and continuous observations of
column integrated water vapour (IWV) and

Central and South America for climate studies
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@ Results

GNSS processing evaluation

Full Article »Figure 3: regional assessment of the GPT2w blind
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VFigure 4: Mean IWV estimates.

model: mean differences between modelled (GPT2w)
and observed (GNSS) ZTDs. The black triangles indi-

cate those sites where the orthometric height difference,

inter-biases lower than half a millimetre.
The quality of our ZTD estimates is on
par with both |IGS reprocessing analysis
and it surpasses the consistency of the
operational products (Figs. 1 and 2).

We performed a site-per-site comparison
with three different data sets produced
by IGS ACs (Table 1). In general, all the
compared ZTD solutions show a good
agreement, with long-term mean

between the nearest GPT2w topographic grid nodes and
the corresponding GNSS benchmark, exceeds 2500 m.
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. Analysis Mapping Elevation Cutoff Sampling Sites in Common
troposphere zenith total de|ay (ZTD) Solution  Center Function Angle [deg] Rate [s] Remarks With This Work
.. . . operational JPL NIELL (Niell, 1996 7 300 until 16 April 2011 45
As a prellmlnary appllcatlon we have com puted ‘ 2007-2013 operational USNO WET GMF (Bohm et al., 2006a 7 300 since 17 April 2011 45
regional and local trends of water vapour content, O D GPT2w-GNSS repro2 co2  CODE WET VMF_ (Bohm et al,, 2006 ] oo . b
. o o _ ] . bias = 0.1 mm 2007-2013 repro2 jp2 JPL GPT2 (Lagler et al., 2013 7 300 no gradients 44
together with realistic uncertainties, studying the vFigure 1: IGS operational prod- O O mean bias = 1. 110 sitos with
. . . o I WI . .
correlation between these parameters and several ucts with respect to this work. O C@ time series > 1 yr ATable 1: The IGS products employed for the ZTD estimates evaluation.

climate regimes. In addition, we have analysed the

regional performance of the troposphere model
GPT2w (Bohm et al., 2015).

Troposphere model assessment
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/b U A8 The performance of the GPT2w model,
in Central and South America, results

within the ranges reported by Bohm
et al. (2015).

probably inherited from the underling
NWM, in this case ERA-Interim (Dee

et al., 2011).

mean IWV [kg m~2]

@ Methods

GNSS data analysis
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Some of the systematic biases observed

However, the modelled ZTDs seems to in South America seems to be related to

The observations were processed with the Bernese (O BELE be systematically underestimated, up to  the insufficient resolution of the
GNSS Software (Dach et al., 2015), at a O 2007-2013 O O O 20 mm, at sites in wet regions, while GPT2w's underling topographic model
double-difference level, and models recommended ©° igs op.~this work O modelled values at arid and temperate to accurately reproduce the highly

by the International Earth Rotation and Reference o m”;ii”;’,\',?g _ g:g mm regions result, on average, overestimated variable topography near the Andes.

Systems Service (IERS) were used (Petit and
Luzum, 2010).

up to 20 mm (Fig. 3). These biases are

In addition, tropospheré zenith total .dela)./s (ZTDs) 5 _4 _3 _'2 _'1 0 1 2 3 4 5 %:eate hl/rlwe;? ;I)\Q:\geTc;e;: I::glt)eesr O cuB O WV retrieving and analysis
were modelled as 30-minutes linear picewise mean ZTD difference [mm] Tropical (NH and SH) ~ +0.7 + 1.1 351 o
estimates, applying the wet term of the Vienna Temperate (SH) ~18+14 20 O . . . .
Mapping Function 1 (VMF1, [Bhm et al., 2006b) D?ZwTrgogollVEl)\?)ta Ari gHH)) J60%40 ; O MsCG © O Our IWV es’Flmates (Fig. 4) were troplc.al areas in Cen’FraI and South
together with dally gradients according to [Lhen @ ®@ TThe site ISPA was not included (Easter Island) O OCD - - szpare.d e Co_lldocdateld ri)dlczjs\c/)\r;d-ersh Amerlfa sndlthel Carll.)l')tear.]’ " Wh0|e,
and Herring (1997) ‘ \ e e s . O O POLI tropical  arid  temperate  cold solar 0 servatlor]ls,hprcl);//\ll\;: also by U .l e seem to be slowly moistening

! O ATable 3: Mean trends com- O O O Képpen-Geiger (broad) climate types accuracy ofr the 2est|mates IS always The observed moistening of the

puted within regions of similar climate

A homogeneous set of reprocessed GPS+GLONASS

precise orbits and clocks, computed by the Center

better than 3 kg m™ <, and satisfies the

AFigure 5: Koppen-Geiger (broad) climate types for _ _ _ _
requirement for regional climate studies

troposphere, in some arid regions in
South America, also coincides with a

types, in Central and South Amer- Q

the Americas according to Peel et al.| (2007).

for Orbit Determination in Europe (CODE), were ica and the Caribbean, between Jan- OOmzac O "y Mean Diff.l Std. Dev. Number Of within the Global Climate Observing derate _ c
used. In particular, we made use of the co2 orbits, uary 2007 and December 2013. NH @ Site kgm™  kgm™  Samples’ Svstem (GCOS) specifications. moderate |ncrea§e In surrace
P O O Y P temperatures (Fig. 7)
clocks and EOPs generated, as part of CODE's and SH means Northern and South- e O o P & 1)
repro2 re-analysis, from three-day long-arc solutions '_F;g““e > reprﬁ? 02 i"'“t"’"s (COPE) " em Hemisphere, respectively. B0AV 010 L 1532 The estimated trends do correlate within It is worth noting that the estimated
(Steigenberger et al., 2014). with respect to this work. CUB 004 198 1716 regions with similar climate type IWV trends are only valid for the given
IGM1 —0.43 1.55 1436 . . .
% MSCG 004 155 1071 (Table 3, Fig. 5). In particular, time span and should not be regarded as
Computation of IWV time series © e S R temperate regions in South America long-term signals without further
O B . | . . . .
Zenith hydrostatic delays (ZHDs) were computed @) = OQ 72030it7e_s2v(\)/i1tﬁ ® ggili —8:22 o1 1:5322 seem to be drying (Fig. 6), whereas the  considerations.
. : . . . POLI  —0. :
according to Davis et al.| (1985), employing 5 O O time series > 5 yr PARCO POVE 8?8 ;gzls ggg
. O & 9 '
Observed atmospherlc PTESSHITES. Then’ the O O @ -: ' | ' |:- TRadiosonde minus GNSS. {Daily samples at CO“CIUSIO“S
computed ZHDs were subtracted from the observed O O 50 10 0 10 20 12:00 UTC.

ZTDs to retrieve the wet terms (i.e., ZWDs).

Finally, the ZWDs were scaled by a proportionality
constant, as described by Askne and Nordius
(1987), to obtain IWV estimates every 30 minutes.

IWV trend [% per decade] ATable 2: Comparison between

O IWV measured with co-located
radiosondes and our GNSS de-

rived estimates.

This regional, multi-year, GNSS analysis
has made also possible a robust

performance assessment of the GPT2w
blind model.

Evidence of drying of the troposphere
over temperate regions in South
America has been found, at a mean IWV
rate of approximately 2% per decade,
particularly in southern Brazil and
central-eastern Argentina.

2007-2013
co2-this work

: mean bias = 0.0 mm
We employed atmospheric pressure data sets mean RMS = 5.1 mm

provided by the University of Wyoming (UW), by — O

the National Oceanic and Atmospheric - _
I I I I

Administration (NOAA) and by the IGS (RINEX
5-4-3-2-10 1 2 3 4 5

-41-40-2.0-1.0-0.5-0.2 0.2 0.5 1.0 2.0 4.0 4.1
L-OTI change 2007-2013 ['C]

The results showed the good general
agreement between observed and
modelled mean delays, but also revealed
some limitations (up to 20 mm in ZTD).

AFigure 6: Observed local IWV trends. The results also suggests a slow

troposphere moistening at the tropics,

» Figure 7: Land-Ocean Temperature Index (L-OTI) change, during 2007-2013,
according to GISTEMP Team (2016) (see also Hansen et al., 2010).

m-files).

We derived the weighted mean temperature ( Tp,)
from the 6-hourly model levels of the ERA-Interim

NWM (

Dee et al.

2011

). For each GNSS site, Tp,

was computed at the nearest four grid nodes of the
NWM, integrating from the upper model level
down to the geopotential height of the GNSS
benchmark, and then interpolating linearly at the
site’s location and at the observation epoch.

mean ZTD difference [mm]
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