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Fig.l1 Geometric diagram of GNSS-IR principle (modified
from PENG et al.)
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Tab.1 Station information used by previous GNSS-IR inversion of water level
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SCo2i1e2 5 [ AR i ) T SRR A 2006—2016 4 GPS
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T - 206 = o B A 0T T BE AR AR i R = AR 32 5
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55 I REIE A 4 B B A DT A 7 32 B Y2

A SO PR 2 i 22 K27 Larson 242 AT BAIF &

AR AV B SN I ST A S8~ T e R ) o
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Fig.2 Overview of selected GNSS stations in the northern South China Sea
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3 XU ) HKQT 3 5 5 i 45

Fig.3 Inversion results of HKQT station during storm surge
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Tab.2 The number of tidal level values retrieved from
different wavebands of HKQT station during two storm

surges
fisf ] B TR 5L i Ee/%
201744 4, GPS L1 152 34.47
SR GPS LS5 69 15.64
GLONASS L1 118 26.76
GLONASS L2 102 23.13
20184FE 7 K, GPS L1 202 33.89
AT GPS L5 98 16.44
GLONASS L1 146 24.50
GLONASS L2 150 25.17

50.33%, GLONASS # & f v 0% 38 A7 {8 4~ 5 b
49.89% F1149.67%. il A GLONASS & 4: ) , I} 6] 43
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5 a Y GNSS-IR Ji {8 25 5 Fh WA sl SE DA T3 114
B H KA B T X) e (UL 4) , NEE SR AT LA
2018 4, 2019 4 Fl1 2020 45 () % 22 41 X 8 4ik , RMSE
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K14 2016—20204F H P-4 /KA Sz i 245 3R 5 3 o2 3 S ELXT L
Fig.4 Comparison between the inversion results of daily mean water level and measured values of tide station from 2016 to 2020
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Fig.4 (Continued)
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SR IX A T HKQT il , (5 S 55 5 T R4 55

ME LA 18 A B SRy SOSE BE  HLH T O R v
M, RAHE S S22 A SR R4, S8z
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T 2 IR A 528 Sy AR ) i /K AR 1 I [)
FI5  NHZH 3l 5 S 2017 4F 75 XU RS W] ] 7K A3z 45
Fig.5 Comparison between the inversion results of NHZH station and measured values of tide station

VE, PSR B RN S5 X SRR % H T GNSS-IR J2
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o AR H AT 5 a iy A UEE A2 22 ] H A KUK
TR B LR H AR P i B I XU koK H g%
Zoad IR Gl G K, e BT 2018 4F:
B KU TELSE 1 [a] 4 7K S 2R A T ST

G212 3 15 5 3425 w5 ¥ i H A [ 4 H B B

(Geospatial Information Authority of Japan, GSI) 4
PR ARG , FA RINEX BT 4 30 s RkER, H
T GPS R4: L1 L2 P {75, Hirh G212 3 i —1>
FEATH A7 0 NAHA, 17 J425 3 15 BT 150 km
A A TF RIS . G212 3 i AT 1425 i 15 i b
PRALE T IX DA R B RS " A% B A DL 6.
G212 ¥} 15 (26.213°N, 127.665°E ) i T H AR i,

K6 BEHUY H ARG HE GNSS 3l s A

Fig.6  Overview of selected GNSS stations in southern Japan
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G212 ufi iAW 1Y R SHE 5 D3 55 , T A e
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ARSI o ity ot B VAR T A 7K P B 8 Az, A )40
14 B 5 X 55 3l A5 B A KT BE B T 5 o A 5 1
(14 7K VB T, g S DX A Vg T P 7 A
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AT 0 AT 22 05 A T 2 I B S, i 5 M s (1) 43
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HKQT 33 5 5 5 3T 13 1, ILE 5 TR, A1 o ml R 19
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TR R G R FNF A BB AR GE 5 05 R

T« AR 2R R R B ) XU sk A 1 H 3
E7 201844 K ESE " WIA] H ARG GNSS 3l s 7 fii 25 L

Fig.7 Inversion results of GNSS stations in southern Japan during 2018 Typhoon "Trami"
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Tab.3 Comparison of erection conditions of different stations and inversion results during storm surge

E i HKQT NHZH G212 1425
] A £ 5° 10° 10° 7°
Al 7 £ 165° 240° 150° 110°
Al B 4 1 2 2
i ] 3 B3/ (4N /d) 63(H R KA ) 20 79 6
85( &4 R LLIAT i) )
RMSE/cm 20.43( 5 KK AG "W E])
52.05 21.12 —

15.54(H A LT 1)

GPS .GLONASS .Galileo .BDS) , A [ Bt 1 14 15 Fif
)47 46 5 22 7 SR JE % 2 L1, L2\ L5)™, I AL
AU [ R 200 S i 45 R P A s . RS A
HYFEHL 2 eI 3 GPS R Gi (55, HAZR R (9%
B A BR A K b2 i S IS ] A B e An
G212 ufi 55 F1 3425 ul i AR AT H B9 A A 7S FLR T
HKQT 3 s, (R I B AUAT 24>, Bt 1] 43 3F
F 5 HKQT 3 i R E AR 5 11 NHZH 35 s AUA 114>
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Abstract: In this study, we quantitatively analyze the factors influencing the inversion accuracy of tide or storm
surge processes at several representative nearshore GNSS (Global Navigation Satellite System) stations in the
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northern South China Sea and Japan. Our findings indicate that the number of satellite signal bands received by
the receiver and the power of the reflected signal significantly affect the time resolution and accuracy of the
inversion. This research quantifies the benefits derived from employing multi-mode and multi-frequency GNSS
monitoring for storm surges in the Hong Kong HKQT station. Furthermore, it highlights the capability of the
Japanese J425 site to capture a comprehensive storm surge waveform in regions lacking tide stations. In addition,
this study offers specific recommendations for future deployment of nearshore GNSS stations equipped with sea
level measurement capabilities, taking into consideration factors such as satellite signal receiving bands, hardware
configurations, station installation locations, and installation heights.

Key words: GNSS-IR; long-term water level; storm surge; influence factors of inversion



