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Fig.2 Geographic Distribution of GNSS and

Radiosonde Stations
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Fig.3 Average Water Vapor Density and STD of Radiosonde from 1974 to 2014
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Tab.1 Statistical Results of IWV/mm

LigioNd RMSE STD Bias MAE

D7k 15 B i 3.81 6.00 2.51 3.16
J71% 2 5 3RS i 3.54 5.90 2.08 2.92
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RMSE . STD . Bias il MAE A1 22 4R /)s , 136 B Wi Fh
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Fig.5 Water Vapor Density Profile Derived from Radio-

sonde and Various Tomographic Results
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Fig.6 Comparison of Tomographic Results with
Different Methods(2014-03-25—2014-04-19)
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Fig.7 RMSE of TwoMethods Compared with Radiosonde
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AH 228K, FORe B — 2 09 B8 647 X0 L O B0 1
i 3, BRGS0 T B N A 3 SBORRC AR X X T 2
B B2 0, %F 52 56 15F BE (2014-03-25—2014-04-19) 4
PR 7 1% I A B 0 7K VB B AT B AL R L JF
P RAEREA (32 3384) 55 AR R 7 A 45 25 B T 58
S5 R AT b, A5 B [F] J7 2 5 R A B0l X ey
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Tab. 2 Statistical Results of Water Vapor Density Between Radiosonde and Different Methods/(g-m )

] RMSE MAE Bias
SRR 1 - . _ _
B e RAH /M B{H I KAH Ie/ME B SE N} /M
ikl 1.82 41 0.62 1.21 2.57 0.47 —0.15 0.46 —0.77
Jrik2 1.07 2.70 0.28 0.78 1.84 0.23 —0.11 0.41 —0.68
25 ; 25 3 £3 AEABWAZEBIMNKEZEBESIT/mm
RMSE=1.94 g/m’ RMSE=1.19 gm’
7 oof FEAKLHE=338 T b FEACKIE=338 Tab.3 RMSE of Water Vapor Density for Different
£ 7 y=132x-137 & E 7 1=1.18x-0.86
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= 15 = 15F
& b & - RMSE
> / & 10 !
2 4 73 2 ik 1 Iy ik 2
B st R s E S| @ rioli 03
/ > < 2 e 2014-03-25 4.76 4.25
0 S 10 15 2 0 5 10 15 20 2014-03-30 417 3.18
RS UK (gm ) P28 BRI /(gom ) 2014-04-06 6.54 5.66
(@ Jrikl (b) 72 2014-04-10 2.34 1.95
B8 AR Jy i 5 7R 28 B X Lb 7K 7558 B SR v o5 43 A B 2014-04-17 2.15 1.94
Fig.8 Scatter Plots of Water Vapor Density Between 2014-04-23 4.83 2.19

Different Methods and Radiosonde
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BT DX 38 A A% 9 I 7K 7508 JE I 5 SR 5 8 3
PE RS 8f5 B A Z P B . %0 kg n Tk
ﬁﬁkj_ﬁiﬁtiﬂéﬁ%mré il J2 b 45 SR T s
FLAE o FF 6 J2 BT AR rh g% 2 O B AL LE B S Y 1]
BB T — TS A B S 5 5k 2 R — B
56 10 2 45 2 7 R AL AR B k.
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SRR VAT LR 0 0E T AR IR AT AT .
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(KT RE L S K VRO B I RMSE H i ok Y
1.82 g/m* Wi /NE] T 1.07 g/m’, Bias #1 MAE 4>
B —0.15 g/m*. 1.21 g/m’ Jg/NE] —0.11 g/m”’,
0.78 g/m’, iX Ut B A 3 J7 ¥ 7 RMSE | Bias #il
MAE % J5 M 848 T G2 0 5 ik o e L 78
TWV 7K P78 B2 J50 286 0 1A RG 132 5% b T, AR 3¢
Tk TAE G 7 i i — P UE S T A SCER
Tk ry B

B RO IGRA #2469 48 = 2045 F#  EC-
MWF 324 49 02 B A8 %08 B 5 M A5 238, A &
B A BB R ER R,

Z % X #
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A Method to Sophisticate the Water Vapor Tomography Model by
Combining the ECMWF Grid Data

ZHAO Qingzhi' YAO Yibin® XIN Linyang’

1 College of Geomatics, Xi'an University of Science and Technology, Xian 710054, China
2 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: GNSS tomography technique is one of the most important methods to obtain the
three-dimensional water vapor information. However, due to lack of enough initial prior information in the
process of building the tomography model, the design matrix of tomography model is unstable and the to-
mographic result is poor, which has become an urgent problem to be resolved. Methods: First of all, the
grid data derived from European Center for Medium-Range Weather Forecasting (ECMWF) is used to cal-
culate the initial value of water vapor density in every voxel of interest area. And then, sophisticating the
traditional tomography modeling using the calculated initial water vapor values. Finally, the influence of
weightings of different equations in tomography model on tomographic result is also considered. Results:
Comparing to the traditional methods, the proposed approach can enhance the accuracy of tomographic re-
sult by 41.2%, and its root mean squared error (RMSE) decreases from 1.82 g/m’to 1.07 g/m’. Additional-
ly, the mean absolute error (MAE), Bias and standard deviation (STD) also show a better performance
than those of the traditional methods.Conclusions: The purpose is to improve the accuracy of tomographic
water vapor profiles and used to sophisticate the established tomography model.

Key words: water vapor tomography; design matrix; European Center for Medium-Range Weather Fore-
casting (ECMWF); radiosonde
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