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Abstract

Continuous Very Long Baseline Interferometry (VLBBservations are designed to obtain highly acewtata for detailed
studies of high frequency Earth rotation variatioe$erence frame stability and daily to sub-daikg motions. During the
CONT-17 campaign that covered a time span of 15 d@pween Nov. 28 and Dec. 12, 2017, a compreheidsita set of
atmospheric observations were acquired at the Gieo@bservatory Wettzell, where three radio telgssocontributed to
three different networks which have been estahlidioe this campaign. These data were supplemengedeather model
data. The data set is made available to all thexésted users in order to provide an optimal date lfor the analysis and
interpretation of the CONT-17 VLBI data. In additioit is an outstanding data set for validation awanparison of
tropospheric parameters resulting from differerstcgptechniques with regard to the establishmeatafmmon atmosphere
at co-location sites.

The regularly recorded atmospheric parameters dsmpmany meteorological quantities (pressure, tratpre, humidity,
wind, radiation, precipitation) taken from the lbozeteo station close to the surface, solar raghatitensity, temperatures
up to 1000 m above the surface from a temperatoélqy, total vapour and liquid water content fraanwater vapour
radiometer, and cloud coverage and cloud tempemtinom a nubiscope. Additionally, vertical prosilef pressure,
temperature and humidity from radiosonde balloomd tom numerical weather models were used for @ispn and
validation.

The graphical representation and comparison sh@eoa correlation in general, but also some disagesgs at special
weather situations. While the accuracy, the tenmpamd spatial resolution of the individual datassate very different, the
data as a whole characterize comprehensively thesgheric conditions around Wettzell during the QBGIN¥ campaign
and represent a sound basis for further investigat{https://doi.pangaea.de/10.1594/PANGAEA.895518)

1 Introduction
1.1 Geodetic VLBI observations and CONT continuouseasurement campaigns

The International VLBI (Very Long Baseline Interfenetry) Service for Geodesy and Astrometry (IVSkadrdinating
geodetic VLBI observing programmes (Nothnagel et2017). VLBI is important since it is the onlyagketic technique
capable to derive the full set of Earth orientatmarameters (EOP). The IVS organises special meamunt campaigns
called ‘CONT’ approximately each 3 years since 200&se particularly intensive sessions cover tweks of continuous
network observations and must be distinguished fiteerroutine observation programme consisting dividual 24 h and 1
h sessions. The main goal of CONT is to probe tioair@cy of the VLBI estimates of the Earth orieioiaparameters and to
investigate possible network biases (Behrend et8tl7). The CONT17 campaign started on Novemb@?, 2017 with
observations being carried out in three differesttvorks (Behrend, 2017).
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1.2 Geodetic Observatory Wettzell and purpose of atospheric observations

The Geodetic Observatory Wettzell (GOW) features SLR (Satellite Laser Ranging) telescopes, seveiNbS (Global
Navigation Satellite System) reference station)@RIS (Doppler Orbitography and Ranging Integrabsd Satellite)
beacon as well as three VLBI telescopes (Schilaf.e2015). All three radio telescopes particigate CONT17, each of
them in one of the three different networks. VLBINSS as well as DORIS all operate in the microwfasguency domain.
In this case, the atmosphere is a major compligdtintor reducing the accuracy (Petit and Luzuni020Consequently, the
set of atmosphere sensors at the Geodetic Obsarisfettzell was substantially enhanced in recearyéo provide means
to better deal with this problem. The propagati@ays induced by the ionosphere can be compensetadhelp of
measurements taken on at least two different frecjas.

However, the troposphere (and to a lesser extesat #le stratosphere) remains a problem. The micreveignals are
delayed when passing through these layers, ane tbffscts are non-dispersive, i.e. virtually ideation the various
frequencies in use. As a consequence, pre-elimimaif these propagation errors is not possible. @athod to quantify
troposheric errors is to use models. Another on® iBitroduce tropospheric unknowns as nuisancarpeters into the
observation equations, and to estimate these sffegether with the set of target parameters. &ictjire, a combination of
both approaches is usually accomplished. In ang,caal measurements of the state of the atmosplnenreery valuable to
aid in tropospheric delay modelling and to intetpttee results and residuals. This is the motivationcompile the
atmosphere measurements collected during the CONafrpaign forming a comprehensive data set to stated the
atmosphere over the Geodetic Observatory Wetttellaid VLBI analysis, and to support studies deglimith the

comparison of troposphere delays of microwavesiddrirom different techniques (e.g. Teke et al120.u et al., 2015).

2 Study area and instrumentation

The Geodetic Observatory Wettzell is located int&@sBavaria on a flat montain ridge about 600 wvatsea level, that is,
above standard elevation zero (NHN) of the Germgightt system (DHHN). The topography in the surdings ranges
from valley floors (~400 m a.s.l.) to mountain ridg(~1000 m a.s.l.). Land coverage is characteri®edrassland and
forest. A plan view of the observatory with thetiasnent locations is depicted in Fig. 1. The foliogv sections give a
description of the deployed instruments and thesuneal quantities.
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Figure 1: Geodetic Observatory Wettzell with atmosperic sensors highlighted in blue.
2.1 Local weather station

The temperature, humidity, and wind sensors ofdbel weather station are mounted on a concretert@v7 m and 10 m
height above the surface (Table 1). The air pressensor is inside the RTW control building and ithim gauges are
mounted on a platform as shown in Fig. 1. Datacarginuously acquired and averages are recordee pecminute. For
wind direction and wind speed, minimum and maximwues being measured within 1 minute are als@dtandicated by

"<"and ">". The heated rain gauges measure snomelisand record the sum over 1 minute.

Table 1. Sensors of the local weather station. Excefor the pressure sensor, the height is given in eters above the surface.
Specified accuracies are manufacterer information.

Mesured wind Wwind Air temperature Relative Humidity  Soil Air pressure  Precipitation
quantity: direction speed moisture
Sensor ID: WD WS Tl T2 RH1 RH2 SM P R1 R2
Height: 10m 10m 10m 7m 10 m 7m -0,5m 6098l 1m 1m
Type: Lambrecht Lambrecht 809 MU Lambrecht 809 MU TRIME-EParoscientific Thies Nieder-
14512 G3 740-16B schlagsgeber
Measuring 0...360° O ... -30...70°C 5... 100 %RH 0..95% 800... (0.1 mm
range: 35 m/s 1100 hPa resolution)
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Accuracy: 1%of 2%of 01°C@0°C 2.5%r.h. 2 % s.m. 0.1 hPa, stdlf) % of
range range < 0.1 hPaly reading

2.2 Radiation sensor

As an addition to the meteo station, the globalatimh is measured using a pyranometer Thies CMAL the same place a
net radiometer (Kipp & Zonen NR Lite) measuresdifierence between radiation from above, i.e. tine &nd the sky, and

from below, i.e. the soil surface. Both sensorsimstalled 1.5 m above the grass surface. The sag@te is 10 minutes.

2.3 Temperature profiler

A quasi-continuous record of temperatures in timoaphere up to 1000 m height is realized by a vealle radiometer
MTP-5 from R.P.O. Attex. The microwave receiver meas the blackbody thermal radiation of the athesp at a
frequency of 56.6 GHz. The intensity of the radiatis a function of the temperature. By scanning @tmosphere at
different elevation angles, the operating softmemenputes temperatures at different heights in 5€teps up to 1000 m
under the assumption of a horizontal temperatweriag. The basic principle and some field exampales described in
Pefia et al. (2013).

The temperature profiler is installed on a towe8E2 m a.s.l. and 10 m above ground. A completéleris recorded each 5

minutes. The accuracy is specified with 0.2 to°C2depending on the profile type and height.

2.4 Water vapour radiometer

On the same tower as the temperature profile, &wapour radiometer Radiometrics WVR-1100 is lifestia It is a
microwave receiver measuring the intensity of ajphesic radiation at 23.8 and 31.4 GHz. The wat@ouva dominates the
23.8 GHz observations, whereas the cloud liquidhan atmosphere dominates the power in the 31.4 Gtdnnel. This
allows the simultaneous determination of integrateater vapour and liquid water along the line ajhsi From the
measured brightness temperatures at both frequemhbieand Th;, the frequency dependent atmospheric opaditieand
T3; are calculated. The water vapour and liquid watemntent and the path delay are obtained by usiegfdliowing

relationships:

Vap =c0,,, +Cl,, 5, +C2,,[T;, (1)
Lig= Conq + Clnq Fs, + C2qu (3, ()
Del =c0yy +Clyy [y, + €24y @y 3)

The retrieval coefficients c0, ¢1 and c2 are sigpahdent and have to be determined from a histbrsadiosonde

observations from a representative site. The retrieoefficients used in this work are valid for Mch and displayed in
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Table 2. The blackbody temperaturegdkas given in col. 4 of the data file, is only udedestablish the temperature
coefficient of the instrument gain. A descriptiof the determination of atmospheric water vapoumgsmicrowave

radiometry is given e.g. in Elgered et al. (1982).

Table 2. Retrieval coefficients used (in centimeter)

CQ/ap C:I-\/ap C2vap CQiq C]-qu CZiq Codel C:ldel C2del

0.0045 23.1680 -13.9475 -0.0022 -0.2705 0.5853 ™06  151.4489 -89.7247

The instrument performs about 1 measurement peutmim one particular direction. In azimuth stes36 degrees,
elevation scans between 20 and 160 degrees aiedcatt, i.e. the scan passes over the zenithtaired=or a complete
scan of the entire sky, it takes about 90 minutesrder to obtain the zenith delay only, all linggh 90 degree elevation
has to be extracted from the data files. This tesnl198 zenith data points per day.

The accuracy of the brightness temperature measumteisispecified with 0.5 K. The accuracy of theuténg water vapour

and liquid water contents and phase delays stragends on the instrument calibration, i.e. theenal coefficients used.

2.5 Cloud detector

The cloud detector or nubiscope measures the theadetion of the sky in one particular directidince clouds absorb
radiation from the sun and reflected infrared rédmfrom the ground, the temperature of the clbade is significantly
higher than the clear sky. By scanning the entikg & map of the cloud coveraged can be generdtedow clouds

generally yield higher temperatures than high céouah additional information regarding the heighttlee clouds is

obtained. Taking into account the horizon effebfttis the temperature increase from zenith tozbarithe processing
software determines the fraction of low, medium aigh level clouds, the coverage, temperature aighh of the main

cloud base and the temperature and height of thiedibclouds. Further information is given at thenaofacturer's website
(Sattler, no year).

The cloud detector is installed on an observatiatfgrm on the roof of the Twin Telescope operatinrilding at 625 m

a.s.l. and 9 m above the surface. The recordedtsedd the cloud base refer to the instrument hHei§lcomplete scan of

the sky is done once each 10 minutes.

2.6 Radiosondes

On every day during the CONT17 experiment, radidsdpalloons were launched at 8:00 and 14:00 UTi@eataunch site
depicted in Fig. 1. We used Graw DFM-09 radiosonaied helium filled Totex 350 balloons with 300 gogancy. The
transmission rate is one data set per second. ddiesondes are equipped with a GPS receiver perqu#n absolute

localization with an accuracy of 5 m in horizongald 10 m in vertical position. The tracking alloprecise measurements

6
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of wind speed and wind direction at different heésgtvith an accuracy of 0.2 m/s, and ascent andedégates. The air
pressure is computed from the surface pressuteatation, the geopotential height and the tentperavith an accuracy of
0.3 hPa. The accuracy of the temperature and velatimidity sensors is specified with 0.2 °C arfb,drespectively. The
relative humidity b can be expressed as water vapour pressure e using
e=eg, E& (4)

10C

and the Magnus formula according to Sonntag (1880the saturation vapour pressure for water in hPa

17620

e, = 6112[@2: 2T (5)

with the temperature T in °C.
Each radiosonde launch yields two files, a profiga file with measured and derived meteorologipantities, and a

position data file as coming out from the GPS nezre{see Table 5).

3 Weather models
3.1 DWD ICON-EU model

For the time span covering the CONT17 campaignata det was extracted from the ICON-EU model from German
Weather Service (Deutscher Wetterdienst, DWD) doimtg pressure, temperature and humidity data &¢rént height
levels. The ICON-EU model is a refined domain (losast) of the global ICONICO sahedralNonhydrostatic) model,
whose grid is made up by a set of nearly equalrgmidriangles spanning the entire Earth (Reieeadl., 2018). The ICON-
EU nest is refined by dividing each triangle intwif subtriangles, resulting in a grid spacing of546m. It includes 60
height levels up to 22.5 km. The physical paranset¢rthe top of the model are controlled by théglanodel reaching a
height of 75 km.
The extracted subset covers a radius of 4 degredd5(km) around the GOW. The structure of the dild
'we_iconeu_4deg.grd' is given in Table 3, wherddime represents one of the 13941 grid points. ddta files are named
'we_iconeu_4deg_yyyymmddhh.xxx', where yyyy dendkesyear, mm the month, dd the day, hh the hodrxax the
physical quantity:

e pre: Air pressure (hPa)

e tem: Temperature (K)

e hum: Water vapour pressure (hPa)
As the model is build up of 60 layers, the tempematand humidity files comprise 60 columns and ghessure file 61
columns, since temperature and humidity is givethiwithe layers and the pressure at the layer baigel Each line

represents the same grid point as given in thefijeid
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Table 3. Structure of the grid file 'we_iconeu_4degrd'

Column: 1 2 3 4 63
Grid point 1 Latitude (deg) Longiude (deg) Surfécy Top Layer1 (m) ... Top Layer 60 (m)
Grid point 13941 Latitude (deg) Longiude (deg) &ae (m) Top Layer1 (m) ... Top Layer 60 (m)

The model data represent the atmospheric analgsils fat the beginning of each forcast run anccareputed every 3 hours

using assimilated observed data.

3.2 NCEP model

As a comparative data set, both zenith hydrostatid wet delays from the NCEP (National Center favibnmental
Prediction) global numerical weather model are led. This data set is derived from GDAS (GlobatdAssimilation
System) and GSF (Global Forecasting System) weéittlds. The derivation of these tropospheric pdglay data requires
some explanation, because only one dimensionalbfites from the GDAS numerical weather model ¢adled “surfaces
fluxes”) were used. From our experience, zenithltdelays are expected to reveal a standard dewiagpproaching one
centimetre for the region of Wettzell. This is &lily less accurate than the estimation of tropogphaelays using GNSS
permanent stations (see Fig. 9), but still usefulf number of applications.

The original weather model output data can be foomndtp serverftpprd.ncep.noaa.gov in directory/pub/data/nccf/cony
gfs/prod, all available in standard grib2 format. Note ttias is a rolling real-time archive. Regions ofeirest are routinely
extracted at our observatory and converted intautatadlored format addressing the specific needspmdce geodesy.
Analysis fields are used whenever possible (everguds) with one 3 hour prediction in between.

The needed information is horizontally interpolatad vertically reduced to the central GNSS statidhZR at the
observatory. The horizontal interpolation approachepicted in (Schiler, 2001, p. 197ff) using thaearest neighbours,
but as a modification, bi-linear functions of tyge+ a;¢ + a;A + asd'A are employed for interpolation of the surface flux
data, whereay ; are the interpolation coefficients determinednfrthe 4 nearest neighbourg,is the latitude of the
interpolation site, and is its longitude. Vertical reduction to the targetght is important. The TropGrid2 model (Schiiler,
2014) is used for this purpose. TropGrid2 is a glofjridded 1° x 1° model containing reduction cméhts for all

guantities needed. The coefficients of these régudtinctions were derived using 9 years of nunaneeather model data.
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The determination aZHD (zenith hydrostatic delay) from GDAS/GSF surfaiedds is straightforward: Surface pressure is
horizontally interpolated and vertically reduceddahen converted intdHD using the Saastanoinen model (Saastamoinen,
1972)

_ 0.0022767 p
1- 0.00266£0s@¢) — 0.00028h

ZHD (6)

with the pressurpe (hPa), the ellipsoidal height(km) and the geographic latitugeof the station. The derivation @\D
(zenith wet delay) requires more effort, but GDASKssurface fluxes are a very attractive resounseesthese weather
fields already contain the total column atmosphester vapourlfW, integrated water vapour). These values are ctetver
into ZWD with knowledge of the weighted mean temperaturthefatmospher&y (see Schiler, 2001, p. 184fi), itself is
substituted in the standard product by a surfacgégature conversion function available on the Tg2 data grid. After

conversion, ZWD is vertically reduced and horizdigtaterpolated to the target height.

4 Data representation and results

The data from theadiosonde balloon ascentgjive a direct temperature and humidity profileotigh the troposphere and
are thus a proper tool to validate the wheather ehathd to calibrate radiation based sensors like whater vapour
radiometer or the temperature profiler. The radiogoascents between Nov. 28 and Dec. 15 reachghbtédietween 5,6
km (2017121408) and 25,8 km (2017121308) with aaraye at 19 km. The average ascent rates were dredvand 6 m/s
in most cases. The maximum covered horizontal mtistdo the burst point was 170 km towards North@aist 2). The
horizontal drift is 2-8 km per km height in mossea (Fig. 3). This means that the tropospheric dat 10 km height is
representative for a region 20-80 km mainly todhst of the launch site.

The radiosonde temperature profiles coincide wih those of the weather model (see example inigft). Some small
scale perturbations in the radiosonde date argmsent in the model, however, the trend is alvwiaysccord. The linear
regression between the weather model temperatactshase from the radiosondes being interpolatethéomodel layer
heights yield linear trends (m) and Pearson cdioglacoefficients (cc) being very close to 1 unghénlg the high
consistency of the model. The only misfit occurédhe 2017120108 launch. In this particular cagertteasured height
seemed to be corrupted. Ignoring this launch a meamlation coefficient of 0.9992 is obtained.

A slightly worse agreement exists between the wasgrour contents of the weather model and thosietkrfrom the
radiosonde measurements. As for the temperaturé soze perturbations are not represented in thather model. The
general trend is similar, however, the model tetmgards higher water vapour contents, which is a&ispressed in the
greater slope of the trend line (Fig. 4 right), ethare between 1.0 and 1.2 in most cases. The cogealation coefficient is
0.9898.

A graphical representation of measured pressumepdeature, and water vapour profiles from all radiwde ascents in

comparison to model data is given in the suppleroétite data repository.

9
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Figure 4: Height profiles of temperature (left) andwater vapour content (right) of one particular radiosonde ascent as compared
to the weather model profile at the launch locatior(dotted line). The correlation parameters between d@th series (m: slope of the
best fit line, cc: correlation coefficient, rms_dif rms of differences) are indicated.

The radiosonde data can also be used to valideteethperature profiler. Figure 5 shows the traces of the temperature
profiler at 6 different height levels compared émnperatures measured by the radiosondes in theadept height. While a

11
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good coincidence is given at heights up to 400 hm, Higher levels yield systematically higher terapares using the
profiler. The rms of the temperature differences atarticular height increases from 0.82 at 250prmtau2.14 at 1000 m
(Table 4). This behaviour is underlined by the paters of linear regression between both temperatdrhe slope of the
regression line (b) is always lower than 1 and ykexis offset (a) increases with height. This iadés that the profiler
underestimates particularly the lower temperatateBigher levels. Examples of one better and onesavagreement are

given in Fig. 6.

Table 4. Parameters from linear regression betweeremperatures from radiosonde ascents (x) and tempeare profiler (y): slope
b, y-axis offset a, rms fit error and rms of tempeature differences.

Height b a rms error rms

[m] [°C] [°C] difference
[°C]

0 0.825 -0.215 1.128 1.488

50 0.833 0.362 1.065 1.342
100 0.866 0.468 0.843 1.126
150 0.902 0.419 0.720 0.942
200 0.932 0.518 0.587 0.857
250 0.933 0.434 0.592 0.821
300 0.927 0.410 0.636 0.869
350 0.927 0.274 0.761 0.912
400 0.928 0.277 0.823 0.975
450 0.934 0.179 0.865 0.970
500 0.932 0.121 0.913 1.009
550 0.930 0.101 0.997 1.089
600 0.932 0.193 1.083 1.197
650 0.932 0.303 1.160 1.308
700 0.935 0.545 1.238 1.483
750 0.932 0.679 1.280 1.607
800 0.931 0.898 1.248 1.734
850 0.927 0.975 1.233 1.800
900 0.921 1.137 1.235 1.959
950 0.913 1.173 1.229 2.033
1000 0.907 1.270 1.193 2.141

12
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Figure 6: Linear regression between temperatures fnm radiosonde ascents and contemporaneous profilerecords at two
particular heights. Regression parameters see Tabke

One quantity inferred from the measured sky brighsntemperatures by theter vapour radiometer is the integrated
water vapour content given in height of the eqinl@ater column. In order to compare this quantitih weather model
and radiosonde data, the water vapour pressuras converted to specific humidigyusing the following relationship (e.g.
Simmer, 2006):
o= 0622(e
p- 03782

The dimensionless parameteis then integrated level by level over the vettm@umn of the weather model or radiosonde

(7)

profile, respectively. The resulting water heightalents are compared with those measured byM& in Fig. 7. The
general agreement is good, however, the WVR prcdoodieres during periods of rain. This known &s#sia consequence
of rain droplets resting on the radiometer windowl #alsifying the results, even after the rainfapped. This can clearly
be seen in Fig. 7 at the beginning of day 345, wéier the end of the rain the WVR still yields aradous high WV
values. The linear regression with radiosonde datavs a fairly good agreement of both the WVR dredweather model
when the outliers are removed (Fig. 8). If not, W&R tends to slightly overestimate the water vapoontent. The two
outliers in the WVR data are due to raindrops aféémfalls at day 338 (afternoon) and day 345 (rmgnhand removed in
the computation of the regression parameters.dtilshbe noted, however, that the retrieval coedfits used here are valid
for Munich, which is 200 km away, since a reliabitermination of retrieval coefficients requiresitiouous radiosonde
data over at least 1 year, which were not availableur site.. Thus the total accuracy of the estdth water vapour and
liquid water content, where uncertainties from brghtness temperature measurement and retriewdfigents sum up,
can't be specified. In addition, the vertical peofif the radiosonde is not necessarily represgatédr the launch site due to

the horizontal drift of the balloon (see Fig. 3).

14
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water vapour radiometer (WVR) and weather model dah. The two outliers were removed in the regression.
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The water content is an important quantity for élsmation of theZenith Total Delay (ZTD), that is the delay radiowaves
undergo during their propagation through the atrhesp. The zenith delays can be mapped to the pktht by using
geometric relationships, e.g. the Niell mappingction (Niell, 1996) or the Vienna mapping functiohm et al., 2006).
The ZTD can be split into a dry, hydrostatic pZerfith Hydrostatic Delay, ZHD) and a wet part (ZeiWet Delay, ZWD).
Both zenith delay components are obtained by \arirtegration of the refractivity indices,)N and N, for each model

layer over the entire model. The hydrostatic reivity index N,y depends only on the air density

Niyg =k Ry Cp (8)
with the hydrostatic refraction constantk77.6 K hP& and the specific gas constant for dry ajr=R287.05 J kg K. The

density follows the equation of state for idealegas

P
Ry U,

with the pressure p and the virtual temperatyraneach layer. Jis the equivalent temperature of dry air having shme

P= (9)

density as wet air, and is computed from the anperature T and the specific humidity s accordin@Eeis, 2000):

T, =T {1+ 0608[3) (10)

The wet refractivity index [\ is a function of the partial water vapour pressuend the temperature T in Kelvin
- e e

N . =k =+k, = (11)
wet 2 T 3 T2

with the refraction constants,kt 22.1 K hP# and k = 370100 K hPa® (Bevis et al., 1994). The compressibility factor
accounting for non-ideal gas behaviour is neglettédtis case.

For the vertical integration, the refractive indexeach layer times the layer thickness is sumnpedver all model layers.
Above the upper boundary of the ICON-EU model abX2n height, the remaining part of ZHD, being e order of 7-8
cm, is computed acoording to Eq. (6) with the puessand height taken at the top of the model instdethe surface. The
contribution of the atmosphere above 22.5 km toA¥D can be neglected since the water vapour coigeriose to zero.
A similar procedure was applied to determine thd@thedelays ZHD and ZWD from radiosonde data.

The total delays ZTD being the sum of ZHD and ZW&camputed from weather model and radiosonde datdisplayed
in Fig. 9 and compared to the ZTD estimation frodMS% analyses. One solution is taken from the BKGSGMata center,
a routine analysis of station WTZR as part of thehe GREF networkhttps://igs.bkg.bund.de/dataandproducts/browse)
using Bernese 5.2 software, the other solutioreiivdd from the Wettzell local array using the inke analysis software
SGSS. The reported values represent the mean ar8t¥ confidence interval of the 8 Wettzell GN&&isns each being
analyzed in three different regional networks. Thafidence intervals give a more realistic errdinegtion and are thus

larger than the standard deviations of a singléyaisagiven in the GREF data.
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A time series of the different ZTD values is dig@d in Fig. 10. All traces show a similar behaviolihe GNSS analyses
reveal more details as a consequence of the higgrapling rate of 1 hour. Taking the radiosonde data reference, the
DWD model tends towards lower (2-3 mm) and the NQBE&del towards higher (5-6 mm) ZTD values. The best

coincidence with the radiosonde derived ZTD give@NSS solutions with correlation coefficients at992.

228 I

—— DWD Model

——NCEP Model
226 — ] —WTZR GREF solution |
——WTZR SGSS solution

@ Radiosonde data

224

N
N
N

Zenith total delay [cm]
n
N
o

216

214

| | | | | | 1 |
212
332 334 336 338 340 342 344 346 348 350

Day in 2017

Figure 9: Zenith total delays (ZTD) derived from numeical weather models, GNSS solutions and radiosond#ata.
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Figure 10: Linear regression between zenith total days (ZTD) derived from radiosonde data and those @rived from numerical
weather models and GNSS solutions.

The cloud coverage as recorded byrhbiscopeand the global radiation as measured bypgr@anometer are displayed in
Fig. 11.

Cloud coverage [%]
Global radiation [W/mz]

332 334 336 338 340 342 344 346
Day in 2017

Figure 11: Total cloud coverage (dark blue) and poibn of medium plus high level clouds (light blue)ri comparison with the
global radiation as measured by the pyranometer.
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5 Data access and file structure

All data sets are available at https://doi.pangbdd0.1594/PANGAEA.895518. In all time series, tirst column
represents UTC date and time having the format yyyy-ddThh:mm:ss. The colums are separated by tgbis @ll files
with the exception of the ICON-EU model data whbtenks (\s) are used. The ICON-EU model data aveedtin a

compressed tar archive, all other files are avkdlaB ASCII text files. The file description is givin Table 5.

Table 5. Description of the dataset.

Dataset File Content

Meteorological CONT-17_Wettzell_meteo.tab See Table 1
observations

Global and net CONT-17_Wettzell _rad.tab Short-wave downward (glpbadiation and net radiation (W#An
radiation

Temperature CONT-17_Wettzell Tpro.tab  Radiometric temperatf€y between 0 and 1000 m above ground,

profile ambient temperature in the last column

Water vapour CONT-17_Wettzell_vapo.txt =~ Water vapour radiometatad Tb23, Tb31: brightness temperatures

and liquid water (K), TkBB: blackbody temperature (K), VapCM, LiqChfitegrated

content water vapour and liquid water content (cm wateuguoi), DelCM:
radiometric delay (cm), AZ, EL: azimuth and elegat(®), Tau23,
Tau31: atmospheric opacities, T_amb: ambient teatper (°C), RH:
relative humidity (%), P: pressure (hPa), Raim identifier (arbitrary

unit)

Cloud coverage CONT-17_Wettzell _nubi.txt Pr: Precipitation flagygrfid: ground temperature (°C), Thase: model

and cloud base temperature (°C), Tzero: air temperature (Fblye: infrared

temperatures temperature of clear sky at zenith (°C), Type (C&lay, Cirrus Only,
Broken Clouds, OverCast, Transparent Clouds, Loan3parent
clouds, Fog, Reduced Visibility), CICov: total ctbaoverage (%),
<MCB: clouds below main cloud base (%), MCB: cogergo) base
temperature (°C) and height (m) of main cloud ba&€: coverage of
low level clouds (%), MLC: coverage of medium lekduds (%),
HLC: coverage of heigh level clouds (%), lowesttise temperature

(°C) and height (m) of lowest clouds

Radiosonde data CONT-17_Wettzell_radios.tab SobDdé&rhe (s after launch), latitude (°), longitudg, @ltitude (m),

pressure (hPa), temperature (°C), relative humi@ty, wind speed
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(m/s), wind direction (° cw from North), geopoteitheight (m)

ICON-EU iconeu_wtz.grd Latitude (°), longitude (°) and Hsitevels (m) (see Table 3)

model data iconeu_wtz_yyyymmddhh.pre  Air pressure (hPa) atddoundaries (see Sect. 3.1)
iconeu_wtz_yyyymmddhh.tem Temperature (K) withipeles (see Sect. 3.1)
iconeu_wtz_yyyymmddhh.humwWater vapour pressure (hPa) within layers (see. Sett

NCEP model CONT-17_Wettzell_ncep- Surface fluxes from NCEP model and derived zerith plelays (see

data and zenith sflux-zpd.tab Sect. 3.2) interpolated to WTZR location: Air pnass(hPa),

path delays temperature (°C), relative humidity (%), zonal aneriodonal wind
speed (m/s), cloud coverage (%), precipitation fame/h), weighted
mean temperature (°C), Zenith total delay ZTD (mmepith hydrostatic
delay ZHD (mm) and zenith wet delay ZWD (mm) withredard
deviations SD

Zenith path CONT- ZTD (mm) from local network analysis using SGSSwafe with 68 %
delays from 17 _Wettzell_zpd_sgss_gref.talbonfidence interval C of median value, ZTD (mm)nr@&REF analysis
GNSS analysis with standard deviations
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