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Abstract  Troposphere delay is one of the main error sources in global navigation satellite
systems (GNSS). Its obvious randomness is mainly attributed to meteorological parameters
(total pressure, temperature and water vapor pressure, etc. ). In this paper, the temporal and
spatial variations of global Zenith Troposphere Delay (ZTD) is analyzed using the time series of
global 4D-grid ZTD from 2002 to 2009, provided by Global Geodetic Observing System (GGOS)
Atmosphere. According to the analysis, a new global ZTD correction model without requiring
meteorological parameters, called GZTD, is developed based on spherical harmonics.
Experimental results show that the precision of inner coincidence of GZTD model (bias: 0.2 cm,
RMS: 3.7 cm) considering the longitudinal and latitudinal variations of ZTD performs better than
other latitude-only models, such as UNB3m (bias: 3.4 cm, RMS: 6. 0 cm), UNB4 (bias: 4.7 cm,
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RMS:.: 7.4 cm), UNB3 (bias: 4.0 cm, RMS: 7.0 cm) and EGNOS (bias: 4.5 cm, RMS: 6.9 cm).
Compared to ZTD time series from 385 global International GNSS Service (IGS) sites, GZTD
model (bias: —0. 02 cm, RMS.: 4. 24 cm) is still clearly superior to other similar models. The

GZTD model owns such advantages as well-performance, simplicity in computation and less

parameters-requirement.
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Table 1 Statistics of global bias and RMS for GZTD,
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Table 2 Statistics of global bias and RMS for GZTD,

IGGtrop, UNB3m, UNB4, UNB3 and EGNOS models

compared with IGS data (unit: cm)

Models bias RMS

GZTD —0.02[—6.55. 5.57]  4.24 [0.84. 7.46]
UNB3m 1.46 [—7.01.11.42]  5.20 [1.95.12. 04]
UNB4 2.47 [—6.94,12.18] 5.85[2.15,13.38]
UNB3 1.91 [—8.12.,12.00] 5.71[2.06,13.19]
EGNOS 2.68 [—7.46.13.96]  5.81[2.21.14.19]
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Table 3 Statistics of bias and RMS for GZTD, 1GGtrop, UNB3m, UNB4, UNB3 and EGNOS
in different height ranges for 385 IGS sites in 2010 (unit: cm)
GZTD 1GGtrop UNB3m UNB4 UNB3 EGNOS
1E 5 (m) i R
bias RMS bias RMS bias RMS bias RMS bias RMS bias RMS
<2500 282 0.1 4.4 —0.8 4.2 1.8 5.5 2.8 6.2 2.2 6.0 3.2 6.3
500~1000 51 0.0 4.0 1.0 3.7 0.8 4.3 2.1 5.1 1.3 4.9 1.9 4.6
1000~2000 40 —0.5 3.8 —0.8 3.5 0.2 4.3 1.3 5.0 0.6 4.8 0.6 4.4
=>2000 12 —0.1 3.6 —0.6 2.7 —0. 3 4.1 0.7 4.2 1.0 4.4 —0.4 4.2
11 : & IGGtrop BRI A SCHRL6 1 2001—2005 4 125 4~ IGS ul G it 245 R
x4 6MMRRTERERMELSERSEERXEHIRES I (cm)
Table 4 Statistics of bias and RMS for GZTD, IGGtrop, UNB3m, UNB4, UNB3 and EGNOS
in different latitude ranges for 385 IGS sites in 2010 (unit: cm)
GZTD 1GGtrop UNB3m UNB4 UNB3 EGNOS
25 S i A
bias RMS bias RMS bias RMS bias RMS bias RMS bias RMS
0°—15° 36 —1.8 5.0 —2.4 5.6 —2. 6.1 —2.1 6.0 —3.1 6.3 —2.7 6.2
15°—30° 55 —0.4 4.8 —0.9 4.4 1.9 6.3 2.0 7.0 1.4 6.9 2.1 6.4
30°—45° 146 —0.1 4.4 —0.8 4.1 2.9 5.7 4.0 6.7 3.4 6.3 4.2 6.5
45°—60° 105 0.8 4.0 —0.5 3.6 0.2 3.8 1.6 4.2 1.2 4.1 2.0 4.4
60°—75° 37 —0.3 3.2 —0.6 3.3 2.3 4.8 3.7 5.7 3.4 5.6 4.5 6.1
75°—90° 6 —0.4 3.0 —0.4 3.2 1.9 4.0 3.2 4.9 3.0 4.9 3.9 5.3

7 FeH IGGtrop B EHE B A SCHk[ 6 15 2001—2005 4F 125 4~ IGS 3 Ge 1145 4.

FBRT 45560 A . 4 2 BE DX [E) b o7 2 00 22
ARl B (E s 7E R G b X, GZTD B RIS B 4L T
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1IGGtrop f6 7,

3 A GZTD fERITE |8 4 1 X (45°—60° 78 [l
PR BEAIE T UNB3m (3 BRI AE -3 bias). HJH
P — 7 T8 AT RE 2 PR IGS 3l 3% 58 43 A7 T b2 5k
15 UNB3m 5% 84 b AR LA GZTD #2507 /e
BRI S 53— J5 1 UNB3m AR 78 3 2 2R OF- 1
bias i 1E » 75 46 2 2K A 171, 31X i 75 UNB3m 45 5 7
45°—60° 5w Bl PN V-1 bias i 25/ N T i — 25 %t
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1 UNB3m #5251 5F- 3 bias Fl RMS Fifi = FE L 4 B2
25 ) AR AR L
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S 3R A R b BROGE B AR S A B L Lk
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IGS 3l GZTD ALK 5 bias F1 RMS (1) 42 BR 431 4R
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