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Abstract: The global positioning system (GPS) zenith tropospheric delay (ZTD) from Crustal Movement
Observation Network of China (CMONOC) is compared with the ZTD derived from the European Center for
Medium-Range Weather Forecasts (ECMWEF), the United States National Centers for Environmental Predic-
tion (NCEP) reanalysis data and NCEP meteorological forecast data. The results show that: relative to GPS
ZTD 1) the root mean square (RMS) and bias of ZTD deduced from ECMWF data is 2.43cm and -1.05cm;
3.30cm and -0.85cm for the ZTD deduced from NCEP data; 6.70cm and 2.59cm for the ZTD deduced from
NCEP prediction data, the maximum value of the bias and RMS are 11.2 cm and 12.7cm respectively. 2) The
ZTD series are calculated by integral with ECMWF/NCEP layered data and SAASTAMOINEN model with
surface data, and the results show that the accuracy of the integral is better than that of the SAASTAMOINEN
model method. These results provide the foundation of the accuracy and feasibility for establishing the ZTD
prediction model over China area with ECMWF and NCEP data.
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Figure 1. The distribution of CMONOC GPS sites
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Figure 2. The mean ZTD of CMONOC GPS sites in the year 2004
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Figure 3. The schematic diagram of distance-weighted method
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Figure 4. The ZTD variation of the GPS sites (HLAR, SUIY, QION,
and TASH) with the altitude
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Table 1. The bias and RMS between the GPS ZTD and the ZTD deduced from ECMWF / NCEP data with height deviation correction at the
nearest grid point. "lat"* means the latitude, ""rea’ on behalf of the re-analysis data, "*ana’ means the analysis data, "int"* means the integra-
tion method, "'saas" is the abbreviation of SAASTAMOINEN model method, ** gps-ncep rea jf + saas ""means that GPS ZTD subtract the
ZTD which include the integration of NCEP 17 layers data and the SAASTAMOINEN model calculation value of the 17th layer data.

R 1 BB GPs £S5 ECMWF/NCEP RIEARM S 4 ZTD B bias F1RMS, “lat” 24, “rea” KRB IR, “int” 2745, “saas”
7= SAASTAMOINEN 318, “gps-ncep rea jf+saas” & X2 NCEP MFSMEE N LE 17 B LK saas AT HERSEIM ZTD 5 GPS ZTD
HREBRE.

Table 2. The bias and RMS statistics at GPS stations
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Figure 6. The bias of ZTD comparison at GPS stations
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Figure 7. The RMS of ZTD comparison at GPS stations
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Figure 8. The monthly bias of the ZTD integrated from ECMWF
data compared to GPS measured ZTD
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Figure 9. The monthly RMS of the ZTD integrated from ECMWF
data compared to GPS measured ZTD
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Figure 10. The monthly bias of the ZTD integrated from NCEP
data compared to GPS measured ZTD
10. GPS %ll ZTD 5 NCEP #1489 ZTD 4 B 4itH# bias

978-1-935068-03-7 © 2009 SciRes.

114

GPS-NCEP reanalysia integal

month (2004)
—e—bjfs —=—bjsh chun dlha —%—dxin —e— guan
——hlar —— jixn ——kmin kunm lhas luzh
qion shao suiy tain —— tash urum
whjf wuhn wush ——xiaa -—%—xiag Xiam
——xnin yanc —=—yong —e— zhnz

Figure 11. The monthly RMS of the ZTD integrated from NCEP
data compared to GPS measured ZTD
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Figure 12. The variation of bias with altitude
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Figure 13. The variation of RMS with altitude
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Figure 14. The bias of the GPS measured ZTD and ZTD derived
from ECMWEF with the resolution of 0.5x0.5 and 2.5x2.5
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Figure 15. The RMS of the GPS measured ZTD and ZTD derived
from ECMWF with the resolution of 0.5x0.5 and 2.5x2.5
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Table 3. the comparison of GPS measured ZTD and ZTD derived from ECMWF with the resolution of 0.5x0.5 and 2.5x2.5
F 3 ECMWF0.5 FEMER#n 2.5 ERMSKSEITEN ZTD 1 GPS il ZTD &

A eI TR BB S AR AE . o H St
KE, HEWNESTASE, BN R AR
(%5 55" bias A1 RMS [0 AiifE 23] |, RMS 47 b8
o FEE B 0 ek S PR R A, T B 2 1R AR AN B
R w0, D, A th AP A 2
5) {8 ECMWF Gt 16 M 70 3 M\ 2.5 JEREK
F] 0.5 ¥ )5, B ZTD MR e R 1-5mm, R IF
RNEFE . XMW T ECMWE S5k I 5 sz 43 9

Bt

JE&i ECMWE 1 NCEP/NCAR/NOAA 21t %4,
&4 Keith Fielding 1# -1 (ECMWF)#1 Don Hooper 1#
+: (ESRL, PSD), XFEMFTH HIIL ) 1) @25 1 1 35 B
L

References (£% 3 #ik)
[1] Li Zhenhang, Huang Jinsong. GPS surveying and data process-
ing.  Whuhan  University  Press.  2007.1, P52-69.
AL, TR GPS Wi 5 A ab 2, B R AE
#1:,2007.1, P52-69.

H.Vedel, K.S.Mogensen and X.-Y.Huang. Calculation of ze-
nith delays from meteorological data comparison of NWP model,
radiosonde and GPS delays. Phys.Chem,Earth(A), 2001,
Vol.26,No.6~8,pp.497-502.

J.S.Haase, H.Vedel, M.Ge and E.Calais, GPS zenith tropo-
sphteric delay(ZTD) variability in the mediterranean, Phys.
Chem. Earth (A), 2001, Vol. 26, No 6-8, pp.439-443.
Walpersdorf, A Bouin, MN Bock, O Doerflinger, E, Assessment
of GPS data for meteorological application over Africa: study of
error sources and analysis of positioning accuracy, Journal of

[2

31

[4]

978-1-935068-03-7 © 2009 SciRes.

116

[5]

[6]

[71

(8]

[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

atmospheric and solar-terrestrial physics,2007, Vol.69(No.12).
Memmo, A. Fionda, E. Paolucci, T. Cimini, D.Ferretti, S. Ciotti,
P., Comparison of MM5 integrated water vapor with microwave
radiometer, GPS, and radiosonde measurements, IEEE trans-
sacions on geoscience and remote sensing, 2005, Vol.43(No.5).
Constantin-Octavian Andrei, Ruizhi Chen, Assessment of
time-series of troposphere zenith delays derived from the Global
Data Assimilation System numerical weather model. GPS Solut,
2008, DOI 10.1007/s10291-008-0104-1.

G. Guerova, E. Brockmann, J.Quiby and F.Schubiger, C.Matzler,
Validation of NWP mesoscale models with swiss GPS network
ANGENS, Journal of applied meteorology, 2003, pp141-150.

L. Cucurull, B. Navascues, G. Ruffini etl, P.ELosegui, A. Rius
and J. Vila, The use of GPS to validate NWP systems: the HIR-
LAM model, Journal of atmospheric and oceanic technology,
2000, pp. 773-787.

www.ecmwf.int

http://www.cdc.noaa.gov/data/

Niu Zhijun, Ma Zongjin, Chen Xinlian, etc. ~Crustal movement
observation network of china. Journal of Geodesy and Geo-
dynamic.2002,22(3),P89-93(Ch).

2R, BiRE, WRERES: hEMSTEE MM, K
W& 5 EkEh 3%, 2002,22(3),P89-93.

T. A. Herring, R. W. King, S. C. McClusky. Document for the
GAMIT GPS Analysis Software, release 10.3. 2006.
Saastamioinen J. Contributions to the Theory Atmospheric Re-
fraction, Part Il Refraction Corrections in Satellite Geodesy.
Bulletion Geodesique, 10713-34.
Wang Yanming, Atmospheric Physics, Qingdao Ocean Univer-
sity Press, 1993.5, P179-186(Ch).

EATY, RARWH Y, W R R
P179-186

Hu Mingcheng, Lu Fu, Modern Geodesy, Survey and Mapping
Press, 1993.8, P383-489(Ch).
BIWIYE, AR, BLACOKCHR IS, W4 KL, 19938,
P383-489.

Chao Y. C. Real Time Implementation of the Wide Area Aug-
mentation System for the Global Positioning System with an
Emphasis on lonospheric Modeling. Ph.D. dissertation, Stanford
University, Stanford, CA.

1993.5,


http://www.ecmwf.int/
http://www.cdc.noaa.gov/data/reanalysis/



