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AL(e) = AL; -mfr(e) + AL, - mfy(e)

e AL?: from IGS

* AL *: calculated from p (measured or taken from models)
e AL, *: calculated via AL* - AL, ?

* mf,, mf, : from real-time mapping functions such as VMF1

e N
BUT: Many applications without access to data from NWM
or IGS
=> empirical troposphere models
o )
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GPT2w

Global Pressure and Temperature 2 wet (Bohm et al., 2015)

Empirical (blind) troposphere model providing:
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ALZ = 107 (k’ T k3) x
" 2 Ty A+1Dgn

formula of Askne and Nordius (1987)
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Can we improve the empirical AL ? by including in situ

measured meteorological data?
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Augmentation of AL,

" noin situ measurements (= empirical only)

z __ V4
ALW T LWGPTZW

®" insitu measurement of T:

ALY, = LY, opry,, + M * (Tonss — Tpraw)

" insitu measurement of T and e:

3 ) ALY, = L, cpppy, T My * (Tenss — Tepraw) + M2 * (€gnss — €cpraw)

k3 ) Rde
*
(Agprow + DGm

T

b.) AL, =107+ (k’2 +
MmGPT2w
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Augmentation of AL >
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Correlation plots for BZRG

Overall correlations:
T with AL,?: 0.65
e with AL,?: 0.85

Universal, global coefficients M1, M2:
M1 =5%10% [m/°C?]
M2 = 0.0092 [m/hPal]

If user measures T and e =>improve AL *:

AL3, = fvcpnw + My * (Tenss — Tgpraw) + M3 * (€gnss — €cpraw)
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( )
GNSS Data:
e 55 globally distributed IGS stations
e 4 epochs per dayin 2013
& zenith total delay (AL?) from IGS final tropospheric SNX-TROPO
4 )
Meteo Data:
p, T, e from
1) close-by weather stations
(provided by ZAMG, blue dots) =
* max. 10km <> and 100m é
away -
* high quality
2) in-situ measurements (provided
by IGS, pink dots)
K : mOderate quallty / -150 -100 -50 0 50 100 150

longitude [°]

p = Extrapolation / Saastamoinen = AL ?

AL, = AL* - AL * =>Considered as ,true” values

TU

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 6



TU

WIEN

Results

012_ .................

0.1

IGS
GPT2w
GPT2w +T
GPT2w +T,e (a)
GPT2w +T, e (b)

J

'§'0.08 ..........................................
>
LY
O
0 0.06
B 0%
=
e
=
cooa- i N e e e N
o 0.04
N
0.02 ) SRR SOOI SO ' U ¥ S5 WY OSSR SO
0 I i I i | i i I i i
5 10 15 20 25 30 35 45 50
day of year
L
Comparison of AL,*for BZRG !
2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 7



Results

012 o e o ——— S e

( )
IGS

GPT2w
_ GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

0.1

J

o
o
©

zenith wet delay [m]

002 Lo .............................. ......................... .......................

5 10 15 20 25 30 35 40 45 50
day of year P nine

Comparison of AL,*for BZRG

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016)



Results

012 o e o ——— S e

r
IGS
GPT2w
GPT2w +T

0.1 _ .............................. .............................. ......................................................... .............................. ................. A.... .............................. .................
; 5 f s : ; 5 GPT2w +T,e (a)

J

x\ | GPT2w +T, e (b)

o
o
©

zenith wet delay [m]

0.02

5 10 15 20 25 30 35 40 45 50
day of year > -

Comparison of AL,*for BZRG

2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 9

TU

WIEN



Results

012 o - o ——— S e

( )
IGS

GPT2w
GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

0.1

J

o
o
©

zenith wet delay [m]

0.02

25 36 35 4b 45 56
day of year > -
Comparison of AL,*for BZRG

2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 10

TU

WIEN



Results

IGS
GPT2w

0.35 ............................. .............................. ............................. ............................. .............................. ..................... GPT2w +T

| | | | | 5 | | GPT2w+T, e (a)

L GPT2w + T, e (b)

J

o
w

o
)
(3

o
)

zenith wet delay [m]

0.1 oo S——  — — —— = L I e

45 50 60 65

0.0%

55
day of year

Comparison of AL ?for ALIC /

TU

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 11



Results

IGS
GPT2w
GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

0.35

J

o
w

o
o )
N a

zenith wet delay [m]

oY | A ........................ .............................. ............................. ............................. .............................. B I S 4

i | i i i
O'O%O 35 40 45 50 55 60
day of year

Comparison of AL, *for ALIC | (

TU

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 12



Results

0.4 L s I R e o S :

( N
IGS

GPT2w
0.35 ............................. .............................. ............................. ............................. .............................. ..................... GPT2w +T
| | | | | 5 | | GPT2w+T, e (a)
GPT2w+T e (b)

J

o
w

o
)
(3

zenith wet delay [m]

©
RN
U'l

0.1

0.0%0 35 40 45 50 55 60 65
day of year

Comparison of AL ?for ALIC -y

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 13



Results

0.4 L s I R e o S :

( )
1GS

GPT2w
0.35 ............................. .............................. ............................. ............................. .............................. ..................... GPT2w +T

: : % 5 ? 5 ? : GPT2w+T,e (a)
GPT2W+T e (b)

J

zenith wet delay [m]

©
RN
U'l

0.1

0.0% 55
day of year e .

Comparison of AL #for ALIC |

2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 14

TU

WIEN



Results

009~ —— S e g e e B B S :

IGS
oo8- I S S S A T S S GPT2w
? ? | ? GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

o
o
<

J

o
o
o

o
o
&

o
o
e

o
o
)

zenith wet delay [m]

5 10 15 20 25 30 35
day of year

Comparison of AL *for NYA1 |

TU !

WIEN 2016/02/10 Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016) 15



Results

0.09

0.08

o
o
<

o
o
o

o
o
&

o
o
e

o

zenith wet delay [m]

U

WIEN

IGS
GPT2w
GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

J

2016/02/10

20 25 3b
day of year

Comparison of AL, *for NYA1

Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016)

[ 4

16



Results

0.09

0.08

o
o
<

o
o
o

o
o
e

zenith wet delay [m]

TU

WIEN

o
o
(3]l
o

( )
IGS

GPT2w
GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

J

2016/02/10

Comparison of AL, *for NYA1

Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016)

4

17



Results

0.09

0.08

o
o
<

o
o
o

o
o
(3]l
o

o
o
e

o

zenith wet delay [m]

U

WIEN

r
IGS
GPT2w
GPT2w +T
GPT2w +T,e (a)
| GPT2w+T,e (b)

J

2016/02/10

Comparison of AL, *for NYA1

Refined and site-augmented tropospheric delay models for GNSS applications (Landskron et al., 2016)

4

18



Results

Comparison of “true” AL, ?from IGS with reproduced AL, *:
* Mean absolute difference in AL, ? (averaged over all stations and epochs)

AL, ? [ecm] AL, ? [ecm]
(1) (2)

empirical only (= GPT2w) 2.8 2.8 = mean(|ALL, .o — ALY cpry )

27 26 =mean (1AL} 5~ ALigpranyepo))
empirical + and (a) & u = mean (lALvaGS - ALf‘VGPTZWMOD (3a)|
empirical + and (b) 2.0 2.1 =mean (|AL}, ;o5 — ALY cpra, )

* Correlation coefficient (averaged over all stations and epochs)

Corr. Coeff. Corr. Coeff.
(a) (b)

empirical only (= GPT2w) 0.70 0.73

empirical + 0.73 0.76
empirical + and (a) 0.86 0.86
empirical + and (b) 0.86 0.86
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Conclusions

 GPT2w well suited for site-augmented approach using in situ
measurements of Tand e

* in situ measurement of T yields small improvement in zenith
wet delay AL, * (~5%)

e additional in situ measurement of e yields significant
improvement in zenith wet delay AL, * (~30%)
=> not much difference which formula is used for e

* |In general, best performance of site-augmented GPT2w is
achieved in dry regions

><] Contact:
daniel.landskron@tuwien.ac.at
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