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Abstract: Objectives: The weighted mean temperature (Tm) is a key parameter for estimating
precipitable water vapor (PWV) from Global Navigation Satellite System (GNSS) observations.
The environment in northwest China is complicated, so it is necessary to establish a suitable
atmospheric weighted mean temperature model. Methods: A novel Voronoi region regression
model is presented by incorporating the Voronoi diagram concept into the traditional 7, regression
model and a Voronoi region regression model is built using data from 24 radiosonde stations within
the study region from 2017 to 2021. European Centre for Medium-Range Weather Forecasts
reanalysis data and Global Geodetic Observing System Atmosphere 7}, grid data are then integrated
to generate a suitable for the Northwest regional T, Augmentation Model (TAM). During the
integration process, considering the fact that 7, decreases with elevation in the near-surface
environment, a cubic polynomial model is proposed to correct the 7, values in the vertical direction.
Results: The model is validated using data from radiosonde stations and GGOS T}, grid within the
study region in 2022, suggesting that TAM model exhibits high accuracy and applicability in the
Northwest region, with accuracy improvements of 19.7% and 50.7% compared to the Bevis model,
44.4% and 18.4% compared to GPT3-1 model, 53.8% and 41% compared to GPT3-5 respectively.
Conclusions: The spatial distribution of 7, estimated by the TAM model exhibits optimal
performance, especially in the Qinghai-Tibet Plateau and other high-altitude areas. It is believed
that the TAM model holds great potential for high-precision water vapor monitoring with GNSS in
mountainous areas.
Keywords: weighted mean temperature; Northwest China; model regionalization; precipitable
water vapor; Voronoi diagram
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Tab. 1 Coefficients of the Northwestern Global Model and Voronoi Diagram Based Regional Models
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Tab. 2 Accuracy of 7,, Calculated by Two Models Compared with Radiosonde Data
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Tab. 3 Accuracy of 7, Calculated by GGOS Grid Data Before and After Correction Compared with Radiosonde Data
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Fig. 4 The Weighted Number & Value is Calculated Based on the Distance
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Tab. 4 Coefficients for Regional Nonlinear Models in the Five Northwestern Provinces

A (BIRXD a, a, a, as a, as
S 07707  0.0784  —0.7555 —0.09417 0.1402  56.82
Hila 04707 —29906 —1.7104 —0.3885 0.4890 139.91

TEEKREHRX 06500 —12444 —1.5520 —0.0601 0.5749  90.75




HigH 04863 —27104 —1.7338 —02837 03214 133.79

WHE4ETRERIX 03402 —4.9966  —1.5834  —0.55545 04101 177.84
PA 2022 fEPUILIX I 24 MRS uh GRS T, B E NS AH, RIFA Bk 5 MY
TEVEICIXIBRE B, SRR e 1) T, [E Bias 1 RMS W& 5 Fiom. MWEHFRIL, FIH
TAM RS T, AEVE AL IX S b A 6 AR I, 247 T Bevis £8, GPT3-1 BiAYA!
GPT3-5 #i%), RMS ¥R T 19.7%. 44.4%F1 53.9%. {HEE SPTm HERKEEEFRK T
13.5%, XJe T SPTm AL FHIR A Sl BT RHA X IR w0 T, BURE S, 2/
BRI . 74, ATRLE RS GPT3 ALK W&, ¥ Bias 153 4~5K, ¥ HAF
L R 7 . T GPT3-1 #AUE LR AR T GPT3-5 #LAY, At T 3 4 % LL GPT3-

1 BERLRAGOR L 3 47 6
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Tab. 5 Statistical Results of Bevis, GPT3, SPTM and TAM Models Validated Using Radiosonde Data

R Bevis/K GPT3—1/K GPT3—5/K 5PTm /K TAM/K
JEE  —2.77~2.41  0.74~7.37 1.10~15.81  —2.19~1.56 —1.16~0.22
Bias
YA —0.509 4.209 5.504 —0.472 —0.449

JuEl  2.59~5.33 3.10~8.21 3.20~16.27 2.13~3.43 2.46~3.42
RMS
YA 3.866 5.591 6.733 2.737 3.106

AR HNHAE S AN 2 T, fE NS A, 2] T EE, Wi 6@)fir. Bt
AEEAFRR 1 1 WEHL, BOREAER TL.MMES T, BEMEMI G EZ. ATEUKI,
GPT3-1 fiAY R e 25, TEAhTE T, I AA7ER R B R (250~285 KD Bevis f 8 (40L& HL
&5 1: | HEHRWGE, HEB A A T 8. TAM BEAHECT SPTm B8 1) fifir
YA E R 2, AR T HABEEY . ] 6(b)%f 4 MRBLER ZE MGt oA, ST BT 2 1 4
F—F. N TAM B 5 Bevis £, SPTm 8 1) B 7 EKIRIORE, TAM B E 7K IE
SofmhZ s mgEd, HESFEIH.O.
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Fig. 6 Ty Estimation and Tm Truth Scatter Plots and Residual Histograms for the Four Models
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Fig.7 Distribution of Bias and RMS for Different Models Tested Using Radiosonde Data
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A5, AR T, ¥/ T3 %18, Bevis HEAURT SPTm B (R B Bk, 1) TAM A7
BT . 3T T RMS 5, TAM A RMS 11 N 3.286 K, #¢ Bevis. GPT3-1. GPT3-
5. 5PTm BRI HIEETH T 50.7%- 18.4%. 41%A01 53.3%. i1, GPT3-1 Fl GPT3-5 &7 J
MALT E—53Fl, X2 T GPT AL B At & LAk WX EA T A5, 24 L0 GGOS #%
W T BARAE NS A, GPT BEAUAS 2 R A 5200 1 T 80 B2 240 14k, nTLUE H 5PTm
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Tab. 6 Statistical Results of Bevis, GPT3, SPTM and TAM Models Validated Using GGOS Grided Data
[t Bevis/K GPT3—1/K GPT3—5/K 5PTm /K TAM/K

Vil —9.14~—0.16  —9.77~2.04 —16.27~13.47 —15.69~—0.02 —3.08~0.51
Bias

YA —4.892 —1.243 —0.984 —6.260 —0.492

Y 3.41~9.97 2.55~10.21 2.69~16.56 2.80~15.85 2.66~4.01
RMS

YfE 6.663 4.029 5.580 7.035 3.286
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SPTm AN ARIR T EH w2 . MK 8(b)WikZE TR LLE H, Bevis 5 SPTm 7Y
FIIEASHLE #2229 0w B b0 KA, T34 Bias 58] —6~—4 K. E4R SPTm fi% 5 TAM #
RUSSR FH X3 AT A, {H SPTm RS AYTE AR PR 25 0l AL RS B T TAM AR, U AN A
5 58 X A M DATE g 4R b X 15 31 R AP IR, Bt ml WL TAM B2 B N Rl R A 3
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Fig.8 Tr Estimation and Ty, Truth Scatter Plot and Residual Histogram for the Four Models
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Fig. 9 Distribution of Bias and RMS for Different Models Tested Using GGOS Grided Data
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Tab. 7 The Influence of Different 7,, Models on GNSS-PWV

reit] Bevis GPT3-1 GPT3-5 TAM
S 0.05~0.20 0.07~0.38 0.09~0.42 0.03~0.19
RMSpyy /mm
¥IME 0.11 0.16 0.19 0.09
S 0.95~1.90 1.15~3.03 1.19~6.19 0.88~1.25

RMSpwy 1%

P ¥IME 1.40 2.06 2.50 0.89
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