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Fig.1 Schematic diagram of absolute sea level height
inversion based on GNSS-IR
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Tab.1 GNSS-IR observation site scenario parameters

GNSS ¥l ST /m S MR/ Ii R/ ¢
HKLM 11 1~7 190~250
HKPC 20 4~8 190~310
HKQT 7 4~9 0~105, 300~360
HKSL 98 4~8 170~260
HKSS 40 5~15 0~120
HKWS 65 5~12 0~150
KYC1 119 5~12 0~360

i GNSS-IR H4 AR 145 2 B MR ) 5 43 A
FIR) R X T T T8 s B2 AR AR A1 ) L 4 T TQR 5 ik 4
BRBLZE RS . 25 BR 4 K400 R i, 3B H
S-S5 1S 1 8 LA python A2 = U7 I utide #E
TN RN S BT, BEE 4 Ko o 9T 7 DL 5Bk
SR VAR H AR ST 340 7 18 s B B[] 5 4]

B HKQT 3 5 fill fa 5 56 3 3 JF hik A6, H A&
GNSS i 5 563 i Z [A] B fE A — @ S IR .
TEAR 25 (0] BE 25 %K B (9 52 i, 23 5903 H 38 HKQT
il 55 800 00 9 R R Vi R4 B ML 9 3 22 R Y B H
545 7 - ¥4 7 - T 9 RMSE FA ¢ 250 (GE 2).
APk 1) 1) 7 3 Ay 35 o W) 26 B B 0, GNISS
IO 3 4 25 SR WA B OK L  H T ST I 25
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W7 BIF 91X P At 3l A5 14 25 ) 25 5 5 i 7R 3k 7E

% 2 HKQT i 5 &1 %1k RMSE #18X &
Tab.2 RMSE and correlation coefficients for HKQT
station and various tide gauge stations

& HF AT

GNSsuh $#iuh  Big§ RMSE/ #i%t RMSE/ #HlX%
cm EX1 cm EX4

il Jfhk 5.4 0.94 3.0 0.97

HKQT KHi{E 17.1km 6.1 0.93 3.6 0.96
KRB 228 km 7.9 0.86 4.7 0.90

0~2 cm YL N & AT K PRI AR SC e BA%
GNSS ¥ 4B 3 /Y 5 ) 5l o 17 A5 B OF Ak JF DA
HKQT #4647 8 S 081, HKQT 3% H Fl
B VBV AR I B 6 RN 7 BTN
i F 43 Hr HKQT 3 5 8 £ 3 55 5 36 22 (8] i) — 3%
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Tab.3 Accuracy of daily and monthly relative sea
level inversion at each GNSS station

A H Y (YRS
RMSE/cm HI: &% RMSE/cm A% R ¥

GNSS 3 5w vl

HKLM i fa i 10.2 0.78 7.8 0.76
HKPC ] fr1 7 8.2 0.86 5.8 0.86
HKQT  #l] #43 5.4 0.94 3.0 0.97
HKSL &y 22.8 0.36 18.9 0.30
HKSS  KHi{E 8.6 0.86 5.7 0.88
HKWS  KIHiE 13.3 0.69 10.7 0.63
KYC1 5 7 17.6 0.39 14.6 0.28

S, BT A0 56 i 2 ) ) A H P33 RMSE 1y
/NTF 10 em, 13 RMSE ¥J/hT 6 cm, H &
HA R A A C R B R T 0.86, HKLM A
HKWS o i 2 3 57 & J& b, H& HF 3
RMSE # 10.2~13.3 cm, % F¥ %) RMSE X
7.8~10.7 cm MR R B R T 0.6, HHELZT,
BT B A A 22 0 OR 2 AN ST R R Y
HKSL #1 KYC1(HKSL 3} 98 m,KYC1 3} 119 m),
BT 400 50k 2 18] (4 55 H P34 RMSE by 17.6
~22.8 cm, 5 H ¥ RMSE H 14.7~18.9 cm, #H
KEREH 0.28~0.39, X — M4 5 Nikolaidou
A0y 2k — 3, B /E SNR B REER —E R
T, Bl S R B, {5 5 IR & ) 2
IR S DT S B O BE T B, Ak, B H
5503 RS BE VEAR 48 A 0 HE P 2R B — Bk,
2 W@ 19 9R RN A3 B R B A S L A
1 JE A 1 R 25 A5 B RO . B R R K
ST AR AR AT R, R SOK S R T H R
RUEE ) Fa 443

AT SF- 18] 1 4T SF- 349 3 - 18 AR Ak R T
RSN R TR VI € Dl 1 B2 o N o M
57 SR P 7 BAL A 2 1 [ U 3 8 B 2 IR A a3
MR EE, H O AR ARL B BRIy
A3 F ST T AR b R B AR S o, AR SCR]
]l Hector B4 M4 § 1.1 rhiE LY AR1 FiAY,
3 3 A K AR 8K A7 T 3k e P 349 36 S T AR HE AT
il B R T S T AR AR S SR AN 4 PR .

WFFE 45 B W, HKQT #1 HKSS 3 i A %F
WP LT A R A5 1,32 mm/a
MO0.71 mm/a, 5 &8 U5 5 W ok 1Y 22 5 00k
0.95 mm/afll 0.92 mm/a, HA% 5 4>k &0 % 8
g OF TN B OB B AR Mk Ry — 1,95 ~
—0.26 mm/a, 58T 55 9 25 (YL ol —2.01~
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Tab.4 Comparison of relative sea level change rates between shore-based GNSS stations and tide gauge stations

oxssuh ntpgm OSSR S5 4 A X 02 Al GNISS 3 15 50 10 3 A 08 5 1 25 1
R/ mm e+ a ! R/ mm e a ! HEEME/ mm e a
HKLM 2016—2024 4 —1.03£4.10 —0.84£2.70 —0.19
HKPC 2014—2024 4 —0.26£2.63 0.634+1.97 —0.89
HKQT 2009—2024 4E 1.32£2.09 0.37+1.21 0.95
HKSL 2013—2024 4 —4.85+7.80 8.8843.00 —13.73
HKSS 2013—2024 4E 0.71+2.64 —0.21£2.06 0.92
HKWS 2013—2024 4 —0.82+3.43 —0.21£2.06 —0.61
KYC1 2017—2024 4E —1.95£5.60 0.0643.32 —2.01
—0.89 mm/a, Hri 7ERE AT R B 22 10 2 —
A~k HKSL Fil KYCL, 8 P 1 T 6 R ek SH8[ — i
R E B SR 2 RN S 5 586
., OXEWTWERNEEAZEWTETE D s
ARl R AT SR 5.8t
TR S, 5 EHERR HKSL f1 KYC1 2013 2019 2025 2013 2019 2025 "
B LAY 5 A B AR I 0 W 0 2 A 2% (L @mgﬁmw @mﬁ%mu
1 mm/aZ P L DX 8P $ A 9 I 2 (1R I —
0.036 mm/a, iX—&55KMY, Bl B A ol Ef( 02(5) RN )
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Tab.5 Comparison of the correlation between shore-based GNSS stations and

satellite altimetry and the absolute sea level change rate
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Abstract; This study proposed a novel monitoring scheme that integrates GNSS interferometric reflec-
tometry (GNSS-IR) with GNSS positioning for monitoring coastal absolute sea level changes. Using
over 10 years of observational data from seven coastal stations in Hong Kong as an example, research
on absolute sea level change monitoring in nearshore areas was conducted. The results indicated that
after excluding the stations HKSL and KYC1, which had lower data quality, the GNSS-IR-derived
relative sea level changes from the remaining stations showed good agreement with tide gauge data in
their monthly averages. For most stations, the RMSE was less than 6 cm, the correlation coefficient
was greater than 0.86, and the difference in estimated sea level rise trends was less than 1 mm/a com-
pared to tide gauges (with a regional average difference of only 0.036 mm/a). In absolute sea level
monitoring, after applying the dynamic atmospheric correction (DAC), the difference in regional av-
erage rates between coastal GNSS and satellite altimetry at corresponding points was reduced from
—3.40 mm/a to —0.76 mm/a, indicating highly consistent trends. Compared with 50-year long-term
absolute sea level data from Hong Kong tide gauges, the deviations were mostly less than 1 mm/a,
and all stations fell within reasonable error margins for regional absolute sea level monitoring. The re-
search demonstrates that the fusion of GNSS-IR and GNSS positioning can effectively address tradi-
tional monitoring gaps, providing a scalable new technical approach for monitoring coastal sea level
changes and conducting risk assessments.

Key words: GNSS-IR; GNSS positioning; sea surface height inversion; nearshore; sea level change



