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Tab.l Accuracy of SHA ZTD Comparing to the IGS Troposphere Product/mm
KR AR bR BIFS SHAO CHAN LHAZ URUM KUNM TWTF -
V- 25 it 22 1.2 —0.8 1.6 1 1 —0.7 0.7
RMS 2.2 2 2.5 1.6 3.8 2.4 2.5

MR T Rl DUF XS Y SHA
ZTD 5 IGS ZTD — B AR &, 4% W 2k - 34 fi 22
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T B RG E
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{18 50 Hh FH T A 28 ) A A 56, 00 35 43 A 5 B T
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Fig.1 GNSS Site Distribution and Days When ZTD Is Available for Each Site
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Fig.2 GNSS Site Ellipsoid Height and Mean ZTD of Each Site
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Fig. 3 ZTD Fitting Result with Respect to Site Ellipsoid Height
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27
Zo(d) AO+Alcos( 36595 (d d )) +

4
AZCOS( T 25(61 dv)) (4)
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Tab. 2 Fitted Exponential Decay Constants of the Expo-

nential Function for Different Latitude Range

i /104
<25°N —1.411
25°N~30°N —1.357
30°N~35°N —1.329
35°N~40°N —1.303
>40°N —1.300

P4 R IOUHE IR I ) 5 51 5 fe B 2 Al 45 2R

Fig. 4 ZTD Time Series and Fourier Transformation
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3 XEXiRERE SHAtrop B # 3L
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Fig.5 Fitting RMS Differences Between Annual+
Semi-annual Model and Annual Only Model
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Hi 181 6 W] DL Y, 7R 7K PR3 Ry 106 BR A 1l X (A 7R 4
b D) FL i 22 3 KT At b X, 480 i
22 KATIA 7 em, fe/ R 1 ems X T 8LG15 2019
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Fig.6 ZTD Fitting Parameters Using Annual+ Semi-annual Model
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28%; B E v A ZTD A5 E o B E T 38% .
32% . 24% . SHAtrop &) Bias#{E/MF 1 mm,
1 F EGNOS .UNB3m LA Jz GPT2 8 A, 78K i%
AR ARG BR B RV = AN XN, i TR TS bR

B 7 A AR ZTD AR RMS

AR ZTD A7 @A, SHA trop 5 5 14 845 45 1
A S e T L Al R[] s A 3 X SRR AR ) A
JEE AR Al DX, 3k 2 ply T A K VR AR R BR 1 IX
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Fig.7 RMS of the Different Models for Each Site

P8 ATl AN [R] 27T D A3 1 2 4 M 22
Fig.8 Bias of the Different Models for Each Site

&3 SHAtropREMBEESHMERXIEL /cm
Tab.3 Precision Comparison of SHAtrop, EGNOS, UNB3m and GPT2 Models, Showing RMS and

Minimum and Maximum Values/cm

0 i K AR AR EGNOS UNB3m GPT2 SHAtrop
- RMS 5.6(1.8, 8.6) 5.2(1.7,8.2) 4.7(1.6,9.8) 3.4(1.6,7.0)
AR . B
Bias —0.6(—5.9,3.8) —0.3(—5.1,3.2) 1.7(—3.9,7.5) 0.1(—3.2,2.9)
. RMS 5.5(1.8,8.3) 5.0(1.8,8.3) 4.5(1.4,10.5) 3.4(1.1,6.6)
Evgflser
Bias —0.3(—4.2,4.8) —0.1(—3.9,3.6) 1.5(—3.7,8.3) 0.0(—0.9,1.0)
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SHAtrop: Empirical ZTD Model Based on CMONOC GNSS Network
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Abstract: Modelling errors of tropospheric delay have much impact on the application of the Global Naviga-
tion Satellite System (GNSS). Temporal and spatial characteristics of the zenith tropospheric delay (ZTD)
over mainland China are analyzed using the Crustal Movement Observation Network of China (CMONOC)
GNSS network over 6 years. Annual ZTD of each site exhibits an exponential function of sites’ altitude in
spatial frame, and the temporal variation exhibits both annual and semi-annual periods. Therefore, we es-
tablish a new empirical ZTD model: SHAtrop. It combines the exponential and periodical functions and is
provided as grids covering mainland China with a resolution of 2.5°X2.0°. Using the SHAtrop model, the
Z'TD over the ellipsoid is firstly calculated using the gridded parameters, and then the site’s true ZTD 1s de-
rived using the exponential function. The validation using 220 GNSS sites over 6 years shows that the preci-
sion of SHAtrop is of 3.4 c¢cm in root mean square (RMS) quantity. The SHAtrop is easy to implement,
where the input parameters are the station” s location and time. Thanks to the use of the long ZTD time se-
ries of the densified GNSS network in mainland China, the SHAtrop has better performance and finer re-
gional resolution.

Key words: zenith tropospheric delay; empirical tropospheric delay model; exponential and periodical func-
tions; CMONOC ; SHAtrop model
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