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A B S T R A C T 

The High Energy Stereoscopic System (H.E.S.S.) site and the Gamsberg Mountain have been identified as potential sites for the 
Africa Millimetre Telescope (AMT). The AMT is poised to observe at millimetre and possibly at submillimetre wavelengths. 
At these wavelengths, precipitable water vapour (PWV) in the atmosphere is the main source of opacity during observations 
and therefore needs to be accurately assessed at the potential sites for the AMT. In order to investigate the PWV conditions for 
the AMT, identical Global Navigation Satellite System (GNSS) stations were installed and used to assess the PWV at the two 

potential sites. In this study, the accuracy of those PWV measurements by the GNSS stations was assessed by comparing the 
H.E.S.S. installed GNSS station PWV measurements to that from a 210 GHz Water Vapour Radiometer (WVR) also installed at 
the H.E.S.S. site. A correlation of 98 per cent and an offset of 0.34 mm was found between the GNSS station and the 210 GHz 
WVR PWV data when on-site pressure and the Ne v ada Geodetic Laboratory (NGL) weighted mean temperature ( T m 

) were used 

to calculate the GNSS station PWV data. In comparison, the offset reduces to 0.15 mm when on-site derived T m 

and pressure 
were used to calculate the GNSS station PWV. The results show that the GNSS station with on-site meteorological data can be 
used with high accuracy to reliably determine the PWV conditions at the H.E.S.S. site. 

K ey words: atmospheric ef fects – instrumentation – site testing – opacity – submillimetre: general – telescopes. 
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 I N T RO D U C T I O N  

he High Energy Stereoscopic System (H.E.S.S.) site (Ohm, Wagner 
 H. E. S. S. Collaboration 2023 ) is one of two potential sites for the
frica Millimetre Telescope (AMT) with the Gamsberg Mountain 
eing the other option (Backes et al. 2016 ; Frans et al. 2025 ). Both
he H.E.S.S. site and the Gamsberg Mountain are located within 
he Khomas Highlands area of Namibia and are approximately 
0 km apart. The area is known to have pristine conditions for
stronomy and already consists of the H.E.S.S. observatory. The 
.E.S.S. observatory observes gamma-rays and consists of an array 
f five imaging atmospheric Cherenkov telescopes (IACTs)(Backes 
t al. 2023 ; Ohm et al. 2023 ). Although the Gamsberg Mountain
as no major observatory yet, the meteorological conditions were 
reviously established to be suitable for astronomy (Sarazin 1995 ; 
rans et al. 2025 ). 
Precipitable water vapour (PWV) is the main source of opacity at 
illimetre and submillimetre wavelengths as it absorbs emissions at 

hese wavelengths (Smette, Horst & Navarrete 2008 ). Moreo v er, the
resence of PWV causes phase delay on millimetre and submillime- 
re astronomical signals which may lead to a decline in performance 
n millimetre and submillimetre long baseline interferometers if not 
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orrected (Nikolic et al. 2013 ). Backes, Macucule & Frans ( 2024 )
onducted a study in which different instruments at the H.E.S.S. site
ere used to determine the PWV. The instruments in the study which

ncluded of the AErosol RObotic NETwork (AERONET) Holben 
t al. ( 1998 ), Autonomous Tool for Measuring Observatory site
Onditions PrEcisely (Atmoscope) (Fruck et al. 2015 ), and H.E.S.S. 
eather station and radiometers (Ohm et al. 2023 ) all had their biases
ased on the conditions they take measurements. For example, the 
ERONET only records during the day during cloudless periods and 

he CT radiometers only record during during photometric nights 
hich results in the PWV from these instruments being biased to-
ards lo wer v alues. Furthermore, because of the dif ferent conditions

nd periods under which the instruments record measurements, they 
ould not be properly validated against each other and therefore their
esults could not be verified. 

In order to assess the PWV and find the site with the best PWV
onditions among the potential sites for the AMT, a Global Naviga-
ion Satellite System (GNSS) station was installed at the H.E.S.S. 
ite and the Gamsberg Mountain (Frans et al. 2025 ). GNSS stations
re known to be a viable and reliable alternative to the more con-
entional use of radiometers in measuring PWV. Combrink ( 2006 )
ooked into v erifying GNSS-deriv ed PWV measurements against 
hose from very-long baseline interferometry (VLBI) observations 
f the 26-m Hartebeesthoek radio telescope and a Water Vapour 
adiometer (WVR) 2000 at the Hartebeesthoek radio astronomy 
ical Sciences. This is an Open Access article distributed under the terms of 
y/ 4.0/ ), which permits unrestricted reuse, distribution, and reproduction in 
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Figure 1. GNSS station ( left , in white) installed in 2022 and 210 GHz WVR 

( right ) installed in 2024 to validate GNSS PWV data at the H.E.S.S. site. 
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bserv atory (HARTRAO). A positi ve correlation of abo v e 90 per cent
as found between the GNSS-derived PWV measurements and that
etermined by different methods, such as VLBI observations and
VR 2000 (Combrink 2006 ). Furthermore, a recent study conducted

y Sugiyama, Nishino & Kusaka ( 2024 ) using GNSS station data
n the Atacama desert to measure the PWV for submillimetre and

illimetre observations pro v ed that GNSS station-deriv ed PWV data
ould be reliably used for site e v aluation and analysis. A comparison
etween the GNSS station-derived PWV data to scaled radiometer-
erived PWV data found the instruments to have a mean offset
f 0.64 mm o v er 15 min. Moreo v er, with the availability of the
caled PWV measurements from the radiometer, a weighted mean
emperature ( T m 

) model with respect to the surface temperature ( T s )
as derived for the Atacama. The T m 

model allowed the local T s to
e incorporated in the calculation of the GNSS-derived PWV at the
tacama (Sugiyama et al. 2024 ). 
The PWV results at the H.E.S.S. site and Gamsberg Mountain

ased on the GNSS station measurements by Frans et al. ( 2025 ) found
hat both sites have the potential for millimetre wave astronomy with
n o v erall median PWV of 14.27 and 9.25 mm, respectively. During
he window of observation for the Event Horizon Telescope (EHT)
hich typically occurs from March through April, a median PWV
alue of 16.62 and 11.20 mm was determined at the H.E.S.S. site and
he Gamsberg Mountain, respectively. The study concluded based on
he GNSS PWV data that Gamsberg Mountain had the lowest PWV
onditions among the two potential sites. As there was no available
ite or regional model for T m 

, the T m 

values used to calculate the PWV
f GNSS stations at the H.E.S.S. site and the Gamsberg Mountain
ere rather interpolated from the European Centre for Medium-
ange Weather Forecasts (ECMWF) by the Ne v ada Geodetic Labo-

atory (NGL) as opposed to being determined locally on site (Boehm,
erl & Schuh 2006 ; Blewitt, Hammond & Kreemer 2018 ). 
According to Frans et al. ( 2025 ), MERRA-2 data consist of upper

ir measurements in addition to satellite and surface measurements
ssimilated into earth system modelling. The study by Frans et al.
 2025 ) validated MERRA-2 PWV against GNSS station PWV
easurements at the H.E.S.S. site and found a 92 per cent correlation

nd a percentage difference of 7.45 per cent between the two
easurements. The difference was attributed to the fact that the
ERRA-2 PWV measurements are mainly based on satellite data

nd also involve interpolation in processing the data to the H.E.S.S.
ocation, which therefore does not take well into account the local on-
ite conditions (Frans et al. 2025 ). Studies by Raymond et al. ( 2021 )
nd Valeria, Mart ́ınez-Ledesma & Reeves ( 2024 ) also looking into
otential sites for the next generation (ng) EHT using MERRA-2
ata also reported similar discrepancy between PWV from MERRA-
 data and that obtained in situ on some of the potential sites. For
xample, Valeria et al. ( 2024 ) attributed the offset difference at Cerro
aranal in his study to strong local wind conditions due to it being
lose to the Pacific Ocean. 

The abo v e reasons highlight the need of additionally using an
nstrument such as a radiometer on site as a way of validating any
WV results from a test instrument as opposed to using MERRA-2
ata alone. In this study, a 210 GHz WVR was installed in situ at
he H.E.S.S. site and used to investigate the accuracy and reliability
f the GNSS-derived PWV results by Frans et al. ( 2025 ) of both the
.E.S.S. site and the Gamsberg Mountain. Since the T m 

used in the
alculation of the GNSS PWV was determined through interpolation
y the NGL, the study would also look into improving the GNSS
tation PWV measurement by developing a T m 

with respect to on-
ite T s for the H.E.S.S. site and the region in general by using the
ASTI 4, 1–11 (2025) 

10 GHz WVR and GNSS station data. 0
 M E T H O D S  

ince both GNSS stations installed at Gamsberg Mountain and at
he H.E.S.S. site are identical in design and the same methods were
pplied in calculating the PWV from the GNSS stations from both
ites, only the PWV from the GNSS station installed at the H.E.S.S.
ite will be validated. The results of the validation will also apply
o the PWV calculated from the GNSS station at the Gamsberg

ountain. The GNSS station at the H.E.S.S. site was installed in
eptember 2022 and has consistently taken data. A 210 GHz WVR

hat measures opacity was installed in March 2024 alongside the
NSS station (as depicted in Fig. 1 ) in order to validate the PWV
easurements from the GNSS station. 
This section will describe the methods applied to the raw data

n order to have PWV as a product of both the GNSS station and
10 GHz WVR. 

.1 MERRA-2 

ince the 210 GHz radiometer measures the optical depth/opacity τ0 

t zenith at a frequency of 210 GHz, this opacity had to be converted
o PWV in order to properly compare with the GNSS PWV data and
qually vice versa. To do this, a model of PWV against opacity at
10 GHz was needed at the H.E.S.S. site. For this, MERRA-2 data
ere used, with the processes applied to acquire the MERRA-2 data

t the H.E.S.S. site previously described by Frans et al. ( 2025 ). In
his study, the MERRA-2 data set ranges o v er a 24-yr period between
000 and 2024 with a temporal resolution of 3 h. The atmospheric
odels of PWV against opacity at 210 GHz were then created using

he 24 yr of MERRA-2 data as shown in Fig. 2 . A polynomial fit of
he form, 

 = Ax 2 + Bx + C (1) 

as fitted with the coefficients provided in Table 1 . The coefficients
f determination R 

2 , is the measure of how well the model can
tatistically predict the outcome. Both models for either converting
pacity to PWV or visa versa have coefficients of determination of

.99. This means that the model fits for 99 per cent of the data. 

art/rzaf012_f1.eps
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Figure 2. Models between PWV versus opacity at 210 GHz based on 24 yr 
of MERRA-2 data at the H.E.S.S. site. 

Table 1. Coefficients of the polynomial in equation ( 1 ) when fitted to PWV 

against opacity ( τ0 ) at 210 GHz at the H.E.S.S. site and its coefficient of 
determination R 

2 . 

y x A B C r 2 

PWV τ0 − 2 .601052 mm 22 .0007 mm − 0 .3455 mm 0.99 
τ0 PWV 0 .000480 mm 

−2 0 .0421 mm 

−1 0 .029 0.99 
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.2 GNSS station 

he details of the methods used in this study to retrieve PWV
ata from GNSS station measurements were previously described 
y Frans et al. ( 2025 ). According to Frans et al. ( 2025 ), the PWV
ata were calculated using the Zenith Total Delay (ZTD) and the T m 

rovided by the NGL Blewitt et al. ( 2018 ) while the pressure used was
easured by the MET 4A weather station, which is integrated within

he GNSS station. The ZTD is the total delay of signal from satellite
t zenith position to the GNSS station receiver and is calculated as
he sum of the Zenith Hydrostatic delay (ZHD) and the Zenith Wet
elay (ZWD), 

TD = ZHD + ZWD , (2) 

here the ZHD is then given by, 

HD = (2 . 2779 ± 0 . 0024) × P s 

f ( λ, H s ) 
, (3) 

here P s is the on site surface pressure in hPa and f ( λ, H s ) is defined
s, 

 ( λ, H s ) = 1 − 0 . 00266 × cos ( 2 λ) − 0 . 00028 H s , (4) 

here H s is the height in metres and λ the latitude of the GNSS
tation. Given the NGL ZTD products and the calculated ZHD using
he pressure P s measured on site by the MET4A weather station, the
WD could then be calculated as, 

WD = ZTD − ZHD . (5) 

ith the NGL T m 

, the PWV was then determined from the ZWD
ith equation ( 17 ) and ( 16 ) as described under Section 3.2 . The

aw data measurements of the GNSS station are integrated over 
0-s intervals but were resampled to 5 min intervals by NGL.
ig. 3 shows the time series PWV data from the GNSS station at

he H.E.S.S. site. Using the coefficients of the relationship derived 
n Fig. 2 (b) tabulated in Table 1 and the relation 1 , the PWV was
onverted in opacity at 210 GHz. 

.3 210 GHz water vapour radiometer 

he 210 GHz WVR takes opacity measurements with an integration 
ime that ranges between one measurement per 5 to 15 min.
ccording to Hiriart et al. ( 1997 ), in the absence of the cosmic
ackground, the antenna temperature T ant of the 210 GHz WVR is
iven by, 

 ant = ηT atm 

(
1 − e −τ

)
, (6) 

here η is the coupling factor between the 210 GHz WVR and the
ntenna, T atm 

is the atmospheric temperature and τ is the opacity. 
he total sky temperature T sky of the system is given as the sum of
ntenna temperature T ant and the receiver noise temperature T rec , then
he antenna temperature T ant can then be written as 

 ant = T sky − T rec . (7) 

nserting equation ( 6 ) into equation ( 7 ), we can rewrite equation ( 7 )
s, 

 sky = ηT atm 

(
1 − e −τ

) + T rec . (8) 

he temperature load reference is given by, 

 ref = ηT L + T rec . (9) 

olving for the receiver temperature T rec in equation ( 9 ) and inserting
t into equation ( 8 ), the expression becomes, 

 ref − T sky = ηρ
(
T L − T atm 

(
1 − e −τ

))
, (10) 
RASTI 4, 1–11 (2025) 
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Figure 3. GNSS station PWV and opacity as deduced from the relationship in Fig. 2 (b) at the H.E.S.S. site. The NGL T m 

and on site pressure was used in the 
calculation of PWV. 
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here ρ is the factor relating the voltage output of the amplifier to
he antenna temperature. The comparison between temperature and
oltage yields, 

 ref − V sky = ηρ
(
T L − T atm 

(
1 − e −τ

))
. (11) 

nder an isothermal atmosphere, the ambient temperature around the
eceiver will be the same everywhere, thus T Load ≈ T atm 

, this reduces
he expression to, 

 ref − V sky = ηρT atm 

e −τ . (12) 

he optical depth in any direction of the sky can be expressed in
erms of the optical depth as zenith τ0 as, 

= τ0 sec ( z ) , (13) 

here z is the zenith angle. Inserting equation ( 13 ) into equation ( 12 )
nd calculating the natural log on both sides of the equation yields, 

ln 
(
V ref − V sky 

) = −τ0 sec ( z ) + ln ( ηρT atm 

) . (14) 

or an isothermal atmosphere, there is a linear relationship between
he logarithm of the differences of voltages and the zenith distance
nd can also be shown as, 

ln 

(
V ref − V sky 

ηρT atm 

)
= −τ0 sec ( z ) . (15) 

herefore, the slope of the linear fit can be determined as the optical
epth τ0 at zenith. Although this method described by Hiriart et al.
 1997 ) was for the 215 GHz WVR, the 210 GHz WVR in this study
ASTI 4, 1–11 (2025) 
ses the same method. Fig. 4 shows the time series of opacity taken
y the 210 GHz WVR and the converted PWV data using the fit in
ig. 2 (a), coefficient in Table 1 and equation ( 1 ). It is evident from
ig. 4 that there appears to be scatter in the 210 GHz WVR data
hich seems unphysical. 

 RESULTS  

.1 GNSS and 210 GHz radiometer comparison 

n order to compare the GNSS station and 210 GHz WVR data, both
ata sets were converted into 15 min integration period. The o v erlap-
ing periods for which data were measured by both instruments were
hen determined as can be seen in Fig. 5 . In this study, even though
he opacity at 210 GHz can be used to assess the measurements of
oth instruments, only the PWV was used to determine the accuracy
f the two instruments in-line with the e v aluation of the PWV results
f the study by Frans et al. ( 2025 ). It is quite evident from Fig. 5 that
he GNSS station and the 210 GHz WVR have the same trend in time
ith the radiometer data seemingly marginally higher. The scatter in

he 210 GHz WVR is even more evident as they do not appear in
he GNSS station data which is an indication that these points are
ot physical but possibly an instrument systematic error. In order to
nd and remo v e these scattering data points that account for about
.75 per cent of the data, a normal distribution of the difference in
WV between the GNSS station and the 210 GHz WVR was found
s can be seen in Fig. 6 (a). Simultaneous PWV measurements from

art/rzaf012_f3.eps
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Figure 4. 210 GHz Radiometer opacity and PWV as deduced from Fig. 2 (a) at the H.E.S.S. site. 
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oth instruments that resulted in a PWV difference greater than 3 σ ,
hich is less than −3.52 mm and that greater than 4.21 mm were
agged. This resulted in 95.25 per cent of the data being retained.
n doing this, the scatter points in the 210 GHz WVR was remo v ed
s can be seen in Fig. 6 (a). A correlation of 98 per cent was found
ith a mean offset of 0.35 mm between the instruments. It is quite

vident from the fit plot that the two instruments are almost one to
ne. The resulting data after flagging are shown in Fig. 6 (b), which
hows a similar trend in time between the instruments. 

.2 Impr oving r esults with on site T m 

he PWV results of the GNSS station can be impro v ed by taking
nto account the T m 

determined locally through on-site measurements 
ather than through interpolation as done by the NGL. PWV is given
y, 

WV = H ∗ ZWD , (16) 

here ZWD is calculated from equation ( 2 ) and H given by, 

 ( T m 

) = 

10 6 

ρw R w 

(
k 

′ 
2 + k 3 T −1 

m 

) , (17) 

here ρw is the density of water given as 1000 kg m 

−3 , R w is the
pecific gas constant of water v apour, gi ven as 461.4 J K 

−1 kg −1 

nd constants k 
′ 
2 = 22 . 1 K hPa −1 and k 3 = 373900 K 

2 hPa −1 (Askne
 Nordius 1987 ; Sugiyama et al. 2024 ). The T m 

profile of a
ertical column of water vapour is conventionally determined with 
adiosonde measurements and is given by, 

 m 

= 

∫ P w 

T 
d z 

∫ P w 

T 2 
d z 

. (18) 

 w and T are the water vapour pressure and the temperature respec-
ively (Combrink 2006 ; Sugiyama et al. 2024 ). Due to the significant
ffect of the dry bias on the relative humidity measurements in
rid regions, it becomes very challenging to measure the T m 

using
adiosonde (Otarola, Querel & Kerber 2011 ; Sugiyama et al. 2024 ).
he T m 

can also be linearly related to the measured T s in which it
as the form of, 

 m 

= aT s + b (19) 

s demonstrated by Sugiyama et al. ( 2024 ). Sev eral re gional models
hat relate the T s to the T m 

have been deduced before, such as the Bevis
t al. ( 1992 ) for the United A States (US), Elhaty et al. ( 2019 )
or Egypt (EG), and the model by Sugiyama et al. ( 2024 ) for the
tacama. This provides an alternative method for determining the 
 m 

from the ground. The T m 

at the H.E.S.S. site was modelled using
he methods described in Sugiyama et al. ( 2024 ). The 210 GHz

VR provided the PWV data, and the GNSS station provided the
TD and T s for the analysis such as the one described in Sugiyama
t al. ( 2024 ). Fig. A1 provides the fits between the ZWD and the
WV and Fig. 7 shows the resulting relationship between the T m 

and
he T s . As evident from Fig. 7 , there were two phases in which there
as a positive correlation between the T m 

and the T s till 290 K after
RASTI 4, 1–11 (2025) 
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Figure 5. 210 GHz Radiometer and GNSS station PWV measured o v er the same period at the H.E.S.S. site. 
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hich a ne gativ e correlation was observed. A piecewise model was
hen developed for T m 

as follows, 

 m 

( T s ) = 

{
7 . 03 T s − 1742 . 64 , if T s ≤ 290 K 

−2 . 28 T s + 957 . 11 , if T s > 290 K 

}
= T m 

. (20) 

sing the on site T s measured by the MET4A weather station on
he GNSS station and the model in equation ( 20 ), the T m 

was then
alculated. This now on site T m 

were then used to calculate H ( T m 

)
n equation ( 17 ) and subsequently the PWV using equation ( 16 ).
hese GNSS station PWV data which are based on in situ pressure
nd temperature were then compared to the 210 GHz WVR PWV
easurements as can be seen in Fig. A2 . 
The use of in situ temperature in the calculation of the PWV

lightly impro v es the results of the GNSS station, as the offset
educed to 0.15 mm compared to 0.34 mm of when the NGL
nterpolated mean temperature was used. Table 2 shows the offsets
nd standard deviation of PWV between the 210 GHz WVR and the
NSS station of when the NGL T m 

and when the in situ derived T m 

ere used. These offsets in Table 2 are much lower when compared
o 0.64 mm obtained by Sugiyama et al. ( 2024 ) o v er 15 min. The
.34 and 0.15 mm are essentially negligible and suggest the 210 GHz
VR and GNSS station PWV data are one-to-one. The T m 

model
eveloped at the H.E.S.S. site shall also apply to the Gamsberg
ountain, as both sites are in the same region and experience the

ame meteorological conditions. 
ASTI 4, 1–11 (2025) 
 C O N C L U S I O N S  

n this study, GNSS station-derived PWV measurements were
alidated against 210 GHz WVR-derived PWV measurements at
he H.E.S.S. site. The results of this study also apply to the GNSS
tation at the Gamsberg Mountain as both stations employ similar
ethods in calculating PWV and are located in the same vicinity
ith similar meteorological conditions. We have shown a way to

onvert PWV into opacity at 210 GHz and similarly convert opacity
t 210 GHz into PWV by modelling the relationship between PWV
nd opacity at 210 GHz from MERRA-2 data at the H.E.S.S. site.
sing these models, the GNSS station PWV against that from
VR 210 GHz was compared to each other and analysed. We

ave also managed to develop a T m 

model with respect to T s at
he H.E.S.S. site and similarly for the region. A high correlation
f 98 per cent was observed between the PWV from the 210 GHz
VR and the GNSS station, with both instruments having similar

rends o v er time. The offset PWV from the 210 GHz WVR and
he GNSS was 0.34 mm when on site pressure from the MET4A
as used to calculate the ZHD and the NGL interpolated T m 

was
sed to calculate the PWV. The mean PWV offset between the
wo instruments impro v ed by reducing to 0.15 mm when the on
ite T s was used to calculate the T m 

using the model developed in
his study, which therefore provides a highly accurate alternative
o calculate the PWV with the T s measured on site. In this study,
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Figure 6. GNSS station and the 210 GHz WVR data after flagging data were the difference of the measurements between the GNSS station and 210 GHz is 
outside 3 σ . 
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e showed that the GNSS station can be used with high accuracy
o determine the PWV at the H.E.S.S. site and in the region with
inimum offset from traditionally utilized instruments such as 

he 210 GHz WVR. Moreo v er, we hav e managed to show that
he PWV results based on GNSS station measurements by Frans 
t al. ( 2025 ) is a reliable assessment of the PWV at the H.E.S.S.
ite and at the Gamsberg Mountain with a minimal offset of
RASTI 4, 1–11 (2025) 
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Table 2. Comparison between 210 GHz WVR and the different GNSS station 
method. 

Method Std (mm) Offset (mm) 
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PPENDI X  A :  M O D E L L I N G  T H E  W E I G H T E D  

E A N  TEMPERATURE  

his appendix shows the procedures used to derive the T m 

model
iven by equation ( 20 ) for the H.E.S.S. site and the region. It
urthermore gives a comparison plot between the 210 GHz WVR
WV data and that obtained from the GNSS station based on the
erived in situ T m 

. 

1 Calculating the T m 

ollowing the procedures by Sugiyama et al. ( 2024 ), only measure-
ents of PWV, ZWD, and T s taken at the same time when the relative

umidity was greater than 40 per cent were considered during the
etermination of H ( T m 

). The ZWD and PWV were partitioned
ccording to T s as can be seen in Fig. A1 , with the slope m of
he fit relating ZWD and PWV given by, 

 = 

ZWD 

PWV 

(A1) 
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Figure A1. ZWD against PWV at different T s at the H.E.S.S. site. 
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rom equation ( 16 ), H can then be calculated from m and is related

o m as, 

 = 

PWV 

ZWD 

= 

1 

m 

(A2) 

ith H and solving for T m 

in equation ( 17 ), the T m 

was then
alculated for the partitioned T s . The resultant T m 

and T s are shown
n Fig. 7 , from which the relation between T m 

and T s in equation ( 20 )
as derived. 
2 Comparison of GNSS station and 210 GHz WVR PWV data
hen local pr essur e and T s ar e used in calculating GNSS station
WV data 

his sections shows the plot comparing the 210 GHz WVR PWV
ata with those of the GNSS station when in situ pressure and T s 
re incorporated into the calculation of the PWV data of the GNSS
tation. The T s was used to calculate the T m 

using the model given in
quation ( 20 ). 
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