Local Sea Level Derived from Reflected GNSS Signals
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1. MOTIVATION S 3. DATA ANALYSIS
* Sea-level rise is an indicator of global climate change, e.g., through | ’ M M A RY * Dataset: 7 months of 1 Hz sampled GNSS data (September 16, 2010 - April 16, 2011)

— melting of large masses of ice in polar and subpolar regions, from both reflected and direct signals:
— thermal expansion of sea water, By receiving GNSS signals that are reflected off the sea surface, @ The GNSS-derived sea-level results from our analysis of 7 months of — UG (AR 1S el C1 O S{eei A gl (el L
— changes in atmospheric and ocean circulation. together with directly received GNSS signals (using standard data show a high degree of agreement with the stilling well gauge - f(’)’;:fngrs n’f;;n"ab?s; ‘l’)‘/’ggg;i:’a”;fz;:e"f’n’; ’;’(‘)’Z’;ﬁv Zf;eo’;’r?;g;‘j’q’} [ e 2t

* Sea-level variations have a large impact on populations in coastal regions and on geodetic-type receivers), It Is possible to monitor the sea level observations. The root-mean-square agreement Is less than 8.7 cm P i o : ’
island, e.g., especially during extreme weather conditions - - - - : PR : P 115 @ LIPETIEHEE SV 6 e UL el
> conetnl son level needs to b - ' using regular single difference geodetic processing. This is done  and the correlation coefficients are larger than 0.90 (see 4.RESULTYS). > o — . R

t t t _ . . : ®* Processing with an in-house single difference software in :
s at the Onsala Space Observatory (OSO), at the west coast of Furthermore, an ocean tide analysis of the GNSS-derived sea leve oS ;
- UEETeel) sce [EYE! [5 memaie w7iin eosstEl fel grnges, e, MEEmE e thie lne Sweden, with a GNSS-based tide gauge consisting of one zenith-  permits detection of several major tidal components, which show gooc solution setup:
where they are established, thus measurements are affected by land surface motion. : . : : . . . : . — 20 minutes of data,
looking antenna (receiving the direct signals), one nadir-looking agreement with the corresponding results from one year of stilling wel - . .
» To measure sea-level change due to ocean water volume and other o _ _ — Global Positioning System (GPS) L, carrier phase delay observations,
oceanographic changes, all types of land motion need to be known. antenna (receiving the signals that are reflected off the sea surface),  gauge observations. L
+ Land surface motion can be monitored by Global Navigation Satellite Systems (GNSS): and two receivers (cqnnected to one antenn_a eac_h), see We find that the _GNSS-based tide gauge gives valuable results for — application of elevation and azimuth mask,
> We develop a new concept to measure both land - 2.CONCEPT. The resulting sea level from the single difference sea level monitoring (see 5.CONCLUSIONS) and we are currently — horizontal baseline fixed to measured values (zero).
surface motion an.d coastal sea level variations: processing (see 3.DATA ANALYSIS) i1s compared with independent  evaluating our new and improved GNSS-TG installation. Future plans e Least-squares solution with estimation of:
S8 R SRR L B TR (BNES-1E) data from two stilling well gauges about 18 km south and 33 km north  are to improve the processing techniques and to include multi-GNSS — vertical baseline Av between the antennas (for each 20 minute interval),
» We operate the GNSS-TG prototype since 2010 at of OSO. observations (see G.OUTLOOK). — phase ambiguity differences (when necessary),
the Onsala Space Observatory (0SO), see Figure 1. _ : lock bias di f f
- | | | | | | | | receiver clock bias differences (each epoch).
Ouraim is to: _ | | | | | | | | | | | | | | | | | | | | | | * Vertical baseline is converted to local sea level by: Av=2h+d, see Figure 2.
— measure absolute and relative sea-level changes, 20—5' """"""" S o oy R o e A AR A o A 55 T o A A A o T
— monitor the local sea level on different time scales _
includinginreal-time, OO_ ______________ _______________ ............... ____________ ______________________________ _______________ _______________ ............... _______________ _______________ _______________ _____________ ................ ............... ______________ _______________ _______________ _
— improve regional tide models, 30 | ' | ' ' | ' | | ' ' | ' j | | : | | : | 4. RESULTS
— develop applications using reflected GNSS signals.
—~ B0 * Comparison with independent sea- ol

Figure 1 — The prototype installation of the GNSS- % Ievﬁl BOSEETIENE ';m;] LWOS St'!',nﬁ ;

based tide gauge at the Onsala Space Observatory — 40 Kvﬂe gau?es, O?erate 4 Y Led V;'e ' " E

on the west coast of Sweden. This installation allows 9 | SLE0r0 OEI:;ZI ag H g © Ogga 3

to measures both coastal sea-level variations and 3 20 nSt'tu,te ( ) i Eanenloug (S0, =

land surface motion. - and Ringhals (RIN) about 33 km north & s 1§ Eibgin  EASS
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2. CONCEPT — —40 0.91 (GOT-RIN) and Root-Mean- )

* The GNSS-based tide gauge consists of two standard geodetic-type GNSS receivers _60 Square (RMS) differences of 8.7 cm Figure 4 — A zoom-in to the time
connected to one antenna each (see Figure 1): ;Oégo'ng)(’):':lISm (050-GOT), and series in Figure 3. Error bars for the
— one zenith-looking Right-Hand Circular Polarized (RHCP), —80+ ; ; | | | | | | ; 5 5 ; 5 5 | | ; ; | | | 5 @ (GO, GNSS solutions (10 times the formgl
— one nadir-looking Left-Hand Circular Polarized (LHCP). 1 g * Gaps in the GNSS time series are |error) are shown in . A mean Is

- S T e S - —100K ﬁ 1 ﬁ ﬁ 1 S SR SR S S AR S S B | B SR S S S e attributed to power failure, the |removed from each time series.

e " an.tenr;a r?cfel»;/e; tffe:(h -5|gr]:a S |rec:"y, W zereas the antenna Go’[henburg e OSO (GNSS) o Rlnghals | | | | | | | | | | | | | | receivers’ capability of keeping lock on
receives the signals reflected off the sea surface, see Figure 2. ' ' ' ' ' ' ' ' : : e Comparisons with tidal combonents
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* The reflected signals experience an additional path delay. 2010 2011 conditions, and processing restrictions. rom one year ( ) of stilling W?

» The LHCP antenna can be regarded as a virtual antenna located below the sea Time (DoY) * An ocean tide analysis of the GNSS- gauge data show good agreement In
TS, G (e 2 _ , amplitude and phase, see Figure 5.
face, g derived sea level determined several

. : - _ _ — ior tidal ts significantly, * The tidal components were compared
:_/Y—Ir;na:]cz oo in‘l’le; Chs:ftes'cthhaen pstho‘:iiilzz’] o Hhe esterizee Sigell chriges, G ds Figure 3 — Local sea level in cm from the GNSS-based tide gauge at the Onsala Space Observatory (OSO), centre blue, the stilling well gauge at Gothenburg rengJOI:A e S 4 Regional Tide Model (RTM):

A sl ' (approximately 33 km north of OSO), top , and the stilling well gauge at Ringhals (approximately 18 km south of OSO), bottom , both operated by e ¢ — reasonable agreement

* Since the height of the LHCP antenna over the sea surface is directly proportional to the SMHI. To improve visibility, the Gothenburg and Ringhals sea-level observations are presented with an offset of plus and minus 50 cm, respectively. The M, 0, M,  for diurnal and semi-
iz S8 suiiEee Welght el e Wy antznms s eirzdly preperiors @ e ke times series span 7 months of data from September 16, 2010 to April 16, 2011. N o s  diurnal components,
surface height, the installation monitors: E E E . — the  model  shows
— sea surface heigh.t, " 20 i T o T \6 limitations for long-
— land surface motion, ) —osoaNss) | | 1o .~ period signals (not
— sea level independent Ofland motion. 5 CONCLUS'ONS 6 OUTLOOK _60-60 —40 -2'0H (o )20 (40 )60- _3(:'3'0 20 -1'0H (o )1'0 2030 10 -5 - (f) | 5 10 shown herE’).

Figure 2 — GNSS signals are received m * The GNSS-derived sea level from the Onsala Space Observatory (OSO) resembles well the * We have recently completed a new and improved GNSS-TG installation at OSO. The Figure 5 — Tidal components for M,, O,, and M, from Ringhals, !

dlrect_ly, with a Right-Hand Circular e ] d independently observed sea level from the two stilling well gauges at Gothenburg (GOT) improvements are: Gothenburg, , OSO (GNSS), blue, and OSO (RTM), dotted

Polarized (RHCP) antenna, and after T and Ringhals (RIN), 33 km north and 18 km south of OSO, respectively: — a larger open water surface resulting in more observations,

rLef]Eteﬁlon 9 Og_ thel Seg Isurfacde, EVI—IItgPa e — the RMS agreements are 7.2 cm (0SO-GOT), 8.7 cm (OSO-RIN), and 7.8 cm (GOT-RIN), — possibility of controlled antenna height changes in steps of 25 cm (range of 2-4 m),
€l-Han ircular Polarized ( _ ) h — the correlation coefficients are larger than 0.90. — independent sea-level measurements from a co-located pressure sensor gauge. FOR ADDITIONAL INFORMATION SEE:

antenna. The reflected signals b

experience an additional path delay a\ E\/E / | ®* From ocean tide analysis, several major tidal components are determined significantly and * For the future, we are improving the data processing scheme by: > Lt‘)f_gren J.S., Haas R., Schern.eck H.-G., _Bos MS (2011) Three_ months of local sea level

a+b=c. The LHCP antenna appears as Ny show good agreement with results derived from one year of stilling well gauge data. — implementing double difference processing, derived from reflected GNSS signals, Radio Sci., 46, RSOC05, doi:10.1029/ 2011RS004693.

a virtual antenna below the sea C AN h * Aregional tide model shows good agreement for diurnal and semi-diurnal components. — better handling of phase centre variations, cycle slips, and phase ambiguities, » Lofgren J.S., Haas R., Johansson J.M. (2011) Monitoring coastal sea level using reflected

surface at the same distance h as the — inclusion of multi-GNSS observations, e.g., GLONASS, Galileo, and COMPASS. GNSS signals, J. Adv. Space Res., 47 (2), 213-220, doi:10.1016/ j.asr.2010.08.015.
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