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ABSTRACT

On the way transmitter-receiver, the Global Navigation Satellite Systems (GNSS) signal is attenuated and delayed by the
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elevation angle and visibility, the measurement geometry varies in time. The model elements are either over or under- 2 1. Tomographic domain 2.2. Observation weights
>
A

determined during the chosen time span within the area of interest; hence, the system of observation equations is mixed-

determined. N 1 where ¢ZTD = 1.5 mm is based on
However, to enhance the tomographic solution, the model can be supplied with additional data, e.q., from the radio occultation ) oSWDi = Gnze, 741D ' ' '
/ . lograp , the: PP dala, e.d _ Sin-e; the post-fit residuals analysis.
(RO). The RO technique provides the space-based signal delay between the low Earth orbit (LEO) and GNSS satellites. Products > ) . |
: : : : N e | Table 1. Wet refractivity uncertainty (COSMIC level2 wetPrf).
obtained from the RO measurements consist of bending angles and vertical dry- and wet-atmosphere data. ety = = , ,
. : : : : : : : gL T 10 Height [km] Average formal [ppm] (CS1)| Height [km] vs RS [%] (CS2)
In this study, we analyze the COSMIC-1 radio occultation events in the tomographic domain located in the Netherlands in Fer £ ~10 o <30 T
February 2018. The observation system in the Alom GNSS software was extended with the space-based wet refractivity profiles ]Ar\f* : 10—4.0 +1 31-50 +2
(level 2 data). % ZxXy 4.1-8.0 +2 5.1-10.0 +1
% s@> R 8.0 > +0.03 10.1 > +1.5
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1. GNSS ground- and space based tomography principles IRED
\% . Wet refractivity field differences
GNSS troposphere tomography obtains a 3-D field of wet refractivity in the lower atmosphere (up to ~10 km), based on the nvgg;;/
GNSS signal delays. For space observations (Fig. 1), the angle through which the ray is deflected — the bending angle a —is a  Figure 3. Tomographic domain location. A los[se o [ss]soeofot |2 [65] A [T T2 s e s o7 s o w0 2] [eo]e0er 6]
function of the impact parameter a, determined from the measured Doppler frequency shift or phase delay of the received 2 A Wiearlher dee veidEiien R B '
signal. For ground observations (Fig. 2), Slant Wet Delay (SWD) can be modeled as an integral of the wet refractivity (N,) S —— (5 Grouna-baseq - KA I Y O [ e R e e e e
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along the ray path. The inversion of a set of equations leads to the estimation of the wet refractivity distribution. . * ; B e >
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1.1. Space-based observations 1.3. System of equations &5t o 05 ] Re—— 9) Figure 4. Tomographic model — vertical cross-sections.
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After the Iionospheric affects have been )
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N(T) — (TL _ 1) x 10 - N1 ONw2 IMNwm - Figure 6. Wet refractivity differences between the a priori data (ERAS), , . , , |
Figure 1. The geometry of a radio occultation measurement showing the refracted SWD S Cp ground-based tomographic solution, combined tomographic solution  1gure 5. Wet refractivity fields differences between the tomographic combined (left-hand pane
ray from a transmitting satellite (on the left) to a receiving satellite (on the right) _ 'y A _|p (CS2), and reference Nw values for the network of 50 KNMI stations at CST oanool rlght.—hand panel CS2 vvaght; apphed) and ground-based solution. The location of RO
SWDex = Napr Acxe = [Aapr Pext = Papr the station height. Red lines indicate the location of RO profiles. profiles is depicted by x, and GNSS stations location by o.
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1.2. Ground-based observations

3. Conclusions and outlook

1.4. Tomographic solution — inversion

( ) o -
N, =1inv(A) - SWD
SWD =1 0—6 N (S)dS w ( ) Compared to RS data, the differences between
w the combined and ground-based only
\ S y ‘ . - Due to the integration of the GNSS ground- and The combination of the GNSS ground- and tomographic solutions are very small (reduction To evaluate the impact of observations
The eSU M ated 3 - D ﬂ eld S Of Wet I’eﬂ’a Ct|\/|ty d epe ﬂd on space-based observations, differences in the space-based observations causes a reduction of of RMS ~0.1 ppm; not shown), whereas, in the integration on meteorological parameters,
T . wet refractivity values (up to 2 ppm) in the wet refractivities in particular voxels, when case of weather sites, the differences reach ~1 tomographic wet refractivity assimilation into
h uim |d |ty N th e trO pOS p he l’e, th UusS they h ave a g I’eat voxels located in the vicinity of traversed voxels compared to the ERA5-derived data (negative ppm. At the surface level, the combined and the Numerical Weather Model will be
t _t | _t _[: d _t _[; th th are obtained. bias is observed). space-based solutions reduce the root mean performed.
Figure 2 Scheme of GNSS rays in the pO eNntla O Serve as a source o ala 10r e weatnher square error of wet refractlwt.v by ~1 ppm
. . o g compared to the ERA5-derived data.
tomographic domain. prediction models.




