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INTRODUCTION STUDY AREA SEA LEVEL MEASUREMENTS OVER THE HISTORICAL TIME
Nowadays, the study of the global sea level rise is a strong Saint-Nazaire is located on the French Atlantic coast in the mouth area of the macrotidal As a first and primordigl step, this StUd}{ impl.ies the ir_we_ntory_ of existing S€a ==l Figure 2: Spatial dispersion of archives relative
societal concern. The analysis of historical records of water Loire estuary. Since the mid-19t century, with the increase of maritime traffic and the harbor level observations which are scattered in various institutions in France (Figure 2wt B to the tide observatory of Saint-Nazaire
level proves to be an ideal way to provide relevant arguments development, the city has reclaimed from the sea, and the tide observatory equipped with a 2 & Table 1). A ' -
regarding the observed trends. In France, many systematic sea tide gauge has been created (Figure 1). The first identified measurements took place in 1821 for 4.5 months and _ i
level observations have taken place since the mid-1800s. Despite This particular location allows the study of the influence of the Loire River and the correspond to visual observations at a tide staff temporarily located in Saint- |
this rich history, long sea level data sets digitally available are anthropogenic effects on sea level since the 19t century. For instance, Winterwerp et al. Nazaire for offshore sounding reduction purpose (background map, Figure 1).
still scarce (Pouvreau, 2008). Currently, only the time series of - itind i - . . .
Brest (We ( | - )2006 I\/Iy _”y ; Y th (2013) showed that the tidal range was strongly moditied in upstream areas (Nantes) during Since 1863 measurements have been automatically performed with the use of a

rest (Woppelmann et al., ), Marseille and recently the the last century because of river deepening, but the impact in downstream locations such as mechanical float tide gauages. These devices have chanaed and evolved over the
composite one of the Pertuis d’Antioche (Gouriou et al., 2013) span Saint-Nazaire is not vet entirelv quantified . . JAUgEs. . J .

y ya - time allowing measurements up to 2007, despite the observatory relocation (1951,

periods longer than a century and are available to be taken into

account in studies dealing with long term sea-level evolution. In this Figure 1) and some important gaps occurring between 1920 and 13950.

context, an important work of “data archaeology” is undertaken to Since 2007, the Saint-Nazaire observatory has been part of the French RONIM Table 1: Inventory of available data and characteristics of sea level datasets
rescue the numerous existing analog historical data that is part ey Pt ot « View Molew (1865 - 1650) network operated by SHOM, and the old mechanical tide gauge has been beriog Effective | | iment | Sampling [ Unitof | Time [ L [ Hitorical
of the French scientific and cultural heritage. “Bresr superseded by a radar tide gauge (operated by “Grand Port Maritime” of Nantes- duration _ strategy | length | system archive
0./::;\52'% A _ S— — — — Saint Nazaire) 1821 4.5 months Tide staff diurnal-15 min | Foot-Inch AST ledgers SHD (Rochefort)
The present StUdy fOCUSES on the measurements Carried out at DANTIOCHE  Jy | : : | e 1821((;:31::5%6111 . . 1863-1894 31 years Float t!de gauge 15 m!n metr!c AST ledgers SHOM (Brest)
. . Lo AL - _ N e o (Bouguet de I Grye) _ _ _ 1894-1900 6 years Float tide gauge 15 min metric MST ledgers SHOM (Brest)
the sea level observatory of Saint-Nazaire. SN, = e e ki The precious analog dataset are handwritten ledgers and/or tidal charts 1900-1920 | 21years | Floattide gauge | (15 min) metric MST | ledgers/tidal charts | SHOM (Brest)
' e : Covering periods ranging between 2 Weeks and 1 month EXCEpt the Older ones 1925 4 months Float tide gauge | Diurnal-15 min metric uT ledgers SHD (Rochefort)
i ' ] 1932-1933 3 months Float tide gauge (15 min) metric uT tidal charts
(1821), ledgers correspond to transcripts extracted by observers from tidal charts 1932 7 months | Float tide gauge | (15 min) etric UT tidal charts
AIMS with a 15-minutes to 1-hour time step. 1936-1937 | 23 months | Float tide gauge (15 min) metric UT tidal charts GPM Nantes Saint-
..... 1941 1 year Float tide gauge (15 min) metric uT tidal charts Nazaire (Port
: . 1943-1944 16 months | Float tid 15 mi tri uT tidal chart Authority, Nantes)
* Rescue historical sea level data. In total, the covered period is up to 190-year-long, including at least 1550.1986 | 57 years | ot tce gavge §15 2::; verrc | ur i hars
J |mpI'OV€ our knOW|edge on trends In sea level CompOnentS ! _ ! 1986-2007 21 years | Float tide gauge (5 min) metric uT digital tidal charts
on the Atlantic coast on |arge Scale and on the coast 125 yeaI‘S Of CO”U”UOUS Sea |eve| measurements. 2007-... 7 years ... | Radar tide gauge (5 min) metric Ut digital tidal charts SHOM (Brest)
vulnerability at more local scale.
« Study the influence of the Loire river and of large-scale
engineering works on water level measurements. - - = 1821: First sea level observations 1863: Tide observatory, « Vieux Mole » location 19:51: New location RONIM Network: 2C!)O7
Figure 1. Locations of the Tide Observatory of St-Nazaire and man-induced evolution of - " . . < . sz N I=edler e
h 5| No D oat tide gauge e & X & PORT| Float tide gauge :
the coastline since the 19" century = O DATA FORIR 2 & , _gauge
B Analog datasets (ledgers, tidal charts) < Analog datasets (tidal charts) Digital datasets
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d I h ,
T ey [ entiiton ey DIGITIZATION [ ONG TERM SEA LEVEL EVOLUTION -- DATA QUALITY CONTROL T'IDAL RANGE EVOLUTION
L e bE ST - ““”'-. oL TR T MAREGRA PR ), g ’

By digitizing this huge amount of sea level data (about 60 -
yrs up to now), the ST Nazaire time serie becomes long Observers CHAZAL ; EVAIN
enough to assess the local long-term sea level evolution
and increase the knowledge at the Northern Europe’s

By assuming that vertical offsets occurring between high
and low water are limited due to the considered short

N | period, it is possible to study fairly reliably the evolution
08— v V SV‘ M z V'V V \ of the tidal range in Saint Nazaire (Figure 7).
06 - StNazaire / Brest

In order to make the inventoried datasets available for studying
the sea level evolution, the existing ledgers and tidal charts
have to be digitized (Figure 3).

O C
| = g
Handwritten ledgers have been manually digitized: about scale (Figure 5). However, this is not yet feasible without =5
_ _ LREEE / i 500.000 hourly values have been processed. During this first rigorously controlling the data quality. O G " |t - | - . - . . = 420
> ezt RS SN d O LR time-demanding work, verification procedures have been 1860 1870 1880 1890 1900 11910 1920 £ 400 -
(NUNIEAU freeware) set up to identify errors related to transcription and/or Flg_ure 6. Yearly correlation coeff|C|er_1ts betwee_n Saint Naze_;ure sea I_ev_el time gsgo_ i Wkl bl _
N G mistakes made by observers (occuring mostly during the o \ ; fﬁer'fngggr;hl(;zsi;g;m « nearby » stations (red [ine: correlation coefficient for Sao0 | INGAT TR l
g | li YN 3 ” extraction of sea level from tidal chart to ledgers). 7000 - Newlyn (source: PSMISL) * w f gz‘z
§3oo ’\ i rm i Tidal charts fare seml-”automatlca:ly digitized by usmg_ the %500 75 st (source: Sonel) W‘WMMWW—%OO The comparison of St-Nazaire, Brest and Pertuis d'Antioche time series 1860 Figl1J8I§06 . I\hggonthlylgrzﬁ)ean }[Siygal ralé)tsgoe eVC1)9|8l3ti0nzooo
; H MW WWV N.UNHIEAU =9 tW"’.“e (U mlang et da N ZOOS)I. NUNIEAU. S 4 = “‘W WWWWMW 4000 proves to be a good method of checking the quality of the newly digitized
o H - | i pal Signal processing 1ool based on color recognition, E 000 - 500 tide gauge records. On this purpose, yearly correlation coefficients
developed by the CETE Méditerranée (called now, CEREMA) E WMWM have been calculated from monthly mean sea levels (Figure 6) Tidal range tends to slightly increase over the studied
Figure 3: Schematic view of the adopted procedure to digitize the data and free to access. % 3500 1 SAINT NAZAIRE MWWWWW I o _ _ | period (2.5 cm/100 yrs, linear trend Figure 7) but this is
o v Preliminary results assess the high quality of the measurements: most out of proportion with upstream observations. The
g Newey oiGiFiz60 DATA 1 70 DIGITIZE of the time the dataset is characterized by correlation values similar to influence of the lunar 18.6 year nodal cycle is clearly
DATA CONSISTENCY  Pertis WWW}WW{ 0 f I\I‘MM’ 'W"‘OOO th_?ﬁ%ObtflﬂeddPOHtthe recc:lelpt RQNI:|M pel‘lé))d (on average, 0.92 and 0.91 visible on the evolution of the tidal range since 1863. It
7500 - (Gouriou et al) | - 3500 with brest and Fertuls, rea fine on Figure o). IS noticeable that these long-term oscillations appear
A crucial point (_)f this study iIs to make_these data consis_tent over time in T— 7000 - verseite. uakiubbltid ||N1'|H“WWMWWW Periods showing bad correlation (grey areas, Figure 6) will be to increase in amplitude (red smoothed line Figure 7)
terms of vertical reference and time systems, which both evolved N . source: PSSl carefully examined to identify the reasons for this relative bad quality with larger fluctuations.
during the studied period. Benchmark IGN NGF OKS69 1820 1840 1860 1880 1900 1020 1940 1060 1980 2000 (vertical offset due to the use of a wrong gauge zero, variable This observation could be due to the man-induced
As reported in Table 1, the used time system is different depending on Figure 5: Monthly mean sea level for the Saint-Nazaire time accuracy linked with observers, ...) and to correct it if possible, or changes on the area. To verify this potential origin,
the considered period: from Apparent Solar Time (AST) for oldest — | serie (new dataset in light red), and comparison with others reject the data. For this work, the use of tide predictions will be very further analyses are necessary (signal filtering, relations
datasets to Mean Solar Time (MST) to the current Universal Time (UT). . long time series from « nearby » stations (Figure 1) useful as well. between this evolution and engineering works, ...).
In order to get a time continuity, all the data are converted into the UT & ©
system: it consists in the application of the “equation of time” and a -3 = §
. | . . s
r:oo(:;(tai(;)trl]o;ncllaact;sreecénmcthhe longitude difference between the current 0.25m (?) § PERSPECTlVES / EXPECTED OUTCOMES RFFF/-?IF/,VCES" - -
| - | | Gauge zero: 1863 - (1898) = This presentation overviews the current status of the study in progress. Plenty of work is still needed (keep T nToahe (e e S o 61202 g, uetion of & two-century long sea level record for the Periuis
Reducing the reconstructed time serie to a common vertical reference digitizing tidal charts, rigorous data-quality check, ...) to get a consistent sea level time series as complete NUNIEAU. http://wikhydro.developpement-durable.qouv.friindex.php/Nunieau
level Is quite ch_allenging because it implies knowing precisely _the different Gauge zero, Chart Datum: (1898 ) - 1996 as possible. Nevertheless, it is already noticeable that promising results will be achieved. This type of work ggl;\ilvr:aaﬁdl\é.,IaZ(r)nOeEBr.z;l'uroigrf%rét%?;; d_l?hgwseiss?;i?err?ggégga;phiques en France : outils, méthodes et tendances des composantes
levels used as tide gauge zero and/or chart datum over the time (Figure I 2 highlights how precious historical data are because they are irreplaceable archives making their rescue Ulimann A Pons F. Moron V.. 2005, Toal Ki Helps ’DigitizZpTideGauge Records. Eos Trans. AGU, 86(38),
4). To get this information, it is necessary to look through lots of diverse Chart Datum: 1996 - ... essential. Atmospheric pressure data, also available in paper form (1863-1920), could be processed by following Winterwerp J.C., Wang ZB., 2013. Man-induced regime shifts in small estuaries — I : theory. Ocean Dynamics 63, 1279-1292.
and scattered documents (metadata linked to measurements, leveling the same procedure: a probable better characterization of long-term sea level trend will be reached. e e g gg7 o mon B 2006. Brest sealevel record: & fime series construction back to the early eighteenth
::igcr)trtdsétczjbrzeir;/?;Zgi(sest’olit(tee:s;).r.e.)c.jiIIf;tc:JSItr?cl)artlc\)/Ieo:)éresz?'/ict)c;lgi;lnceerfncuecnI: LR 1674 (PSMSL Once the final time-serie has been rendered coherent, it will be made available in existing national
o . : coh h b vzed: in th #_H _ databanks and websites: REFMAR for high-frequency data (hourly) and SONEL for the corresponding mean ACKNOWLEDGMENTS
Information, sometimes inco .erent, .ave to e. analyzed: In the Figure 4: Evolution of the used reference |evel / Chart sea levels (daily, monthly and yearly). This study is funded by the French Ministry of Ecology and Sustainable
present state of the research, information concerning the gauge zero datum over the time For further information about this study and his progress, please regularly consult: Development (MEDDE/DGPR), and the SHOM. The authors are grateful to the

between 1890 and 1914 remain rather uncertain. http://refmar.shom.fr/en/applications maregraphigues/programmes-projets/construction-analyse-series-coherentes-niveau-mer/port-de-saint-nazaire GPM Nantes Saint-Nazaire for permitting the access to their historical archives.
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