
The sea level at PortThe sea level at Port--auxaux--Français, Kerguelen Island, from 1949 to the presentFrançais, Kerguelen Island, from 1949 to the present
Laurent TestutLaurent Testut(1), Guy Wöppelmann, Guy Wöppelmann(2), Bernard Simon, Bernard Simon(3), Philippe Téchiné, Philippe Téchiné(1)

(1) LEGOS, 18 Av. Edouard Belin 31401 Toulouse Cedex e-mail: Laurent.Testut@cnes.fr
(2) CLDG Universite de La Rochelle, Av. Michel Crepeau, 17042 La Rochelle, France

(3) EPSHOM, 13 rue du Chatellier, 29275 Brest, France

References

- Brémond E (1951) Mission hydrographique de Madagascar 1949– 582 1950. Ann Hydrogr 104–105 583
- Church JA, Gregory JM, Huybrechts P, Kuhn M, Lambeck K, Nhuan MT, Qin Q, Woodworth PL (2001) 
Changes in sea level. 591 In: Houghton JT et al (eds) Climate change 2001: the scientific basis. Cambridge 
University Press, Cambridge, pp 639–693 593
- Church JA, White N, Coleman R, Lambeck K, Mitrovica JX (2004) Estimates of the regional distribution 
of sea level rise over the 1950–2000 period. J Climate 17:2609–2625
- Douglas BC, Peltier WR (2002) The puzzle of global sea level rise. Phys Today 55(3):34–41 598
- Gille ST (2002) Warming of the southern ocean since 1950s. Sciences 295:1275–1277 600
- Guichard H (1964) Les travaux géographiques exécutés par l’IGN aux îles Kerguelen (campagne 1961–
1963). Bull Géod 28 602
- Hunter J, Coleman R, Pugh D (2003) The sea level at Port Arthur, Tasmania, from 1841 to the present. 
Geophys Res Lett 30 (7):1401, 54 613
- Miller L, Douglas BC (2004) Mass and volume contributions to twentieth-century global sea level rise. 
Nature 428:406–409
- Woodworth PL, Pugh DT, Meredith MP, Blackman DL (2005) Sea level changes at Port Stanley, 
Falkland Islands. J Geophys Res 110:C06013. DOI 10.1029/2004JC002648

Historic observationsHistoric observations

We know that all throughout the twentieth century, there were expeditions to Kerguelen Island for many different purposes: exploration of the 
archipelago, local fisheries and establishment of human colonies. However, extensive scientific work really began at Kerguelen when a 
permanent base was established at Port-aux-Français in 1950. The first well-documented sea level observations at Kerguelen come from the 
French National Hydrographical and Oceanographic Service (hereafter SHOM). The first important hydrographic survey by SHOM took 
place at Kerguelen at the end of 1949 remained at Port-aux-Français from 23 November 1949 until 31 January 1950. During this period, a tide 
pole was installed and referenced to a South African penny embedded on the rock (Fig. 1). This penny is still the fundamental benchmark for 
Kerguelen and defines the hydrographic data or zero level (3.07 m below this benchmark). The sea level measured at that time is considered 
as the first reliable MSL estimate at Port-aux-Français (referred to as SHM0 in Table 1). At the beginning of the 1960s, a significant 
campaign was undertaken by the French National Geographic Institute (hereafter IGN), and remained at Kerguelen for a number of years 
(1961–1965) in order to establish the first complete and precise map of the island (Guichard 1966). One of the essential objectives of this 
campaign was to accurately estimate the MSL to establish the height reference for the island. IGN operated a new tide pole only a few metres 
from the original one and install a float gauge. Then from April to December 1962, tide pole readings were compared to simultaneous float 
gauge records. The mean difference of these two records is <1 cm. This second estimate of the MSL is conseidered as the reference for our 
study. After this record, there was a 30-year data gap at Port-aux-Français. The scientific interest to measure in situ sea level in that region 
was rekindled with the World Ocean Circulation Experiment (WOCE) and the emergence of ambitious satellite altimetry programs during the 
1980s. The particular interest on in situ tidal measurements at islands and in the deep ocean led to a valuable collaboration between Christian 
Le Provost’s team at Grenoble and the Proudman Oceanographic Laboratory of Liverpool, where the latter had long-standing experience in 
bottom pressure record (BPR) deployment. These common efforts to study the Southern Ocean using BPR technology found their expression 
as national networks by the creation of the Antarctic Circumpolar Levels from Altimetry and Islands Measurements network (see Spencer et 
al. 1993) for the UK and the Réseau d’Observation Subantarctique et Antarctique du niveau de la MEr (ROSAME) network for France.

This Figure provides the height of Mean Sea Level from all available data sets. A 
simple trend estimate of sea level (relative to land atKerguelen) from historical data 
provided only by the SHOM data set (i.e., daily means ofSHM1, SHM2, SHM4, 
SHM5, SHM6, SHM7 and SHM8) leads to a relative sea level trend of 0.5±0.2 
mm/year. This pre-liminary estimate is dubious partly because of the lack of
information on the early data sets SHM1/2. Merging theSHOM data set and ROSAME 
annual means leads to a revised relative sea level trend estimate of 0.3±0.2 mm/year. 
Because of the low confidence in some of the SHM data sets and because of the high
annual and interannual variabilities observed at Kerguelen, we have chosen to compute
the sea level trend from the two most accurate and representative MSL data sources. 
The first one is the MSL (120.2 cm), established in 1962, which is used to define the
zero data for Kerguelen (from a year of tide pole readings with tide gauge
comparisons). The other reliable value is the MSL (centred in 1999), derived from 11 
years of data available from the ROSAME Kerguelen tide gauge (124.3 cm). The
relative sea level trend for this 38-year period is 1.1 mm/year. As expected, the main 
source of uncertainty is linked to high interannual sea level variability. This oceanic
variability prevents us from giving an accurate estimation of sea level trend derived
from ‘short’ individual tide gauge records. If we assume an error of one standard 
deviation of interannual variability (1.9 cm) in sea level difference, the uncertainty on 
the sea level trend for the same 38-year period is about 0.7 mm year−1. 

For more information see the related paper:
Testut L., G. Wöppelmann, B. Simon, P. Téchiné, 2005: The Seal Level at Port-aux-Français, 
Kerguelen Island, from 1950 to the present. Ocean Dynamics. DOI 10.1007/s10236-005-0056-8 

Photo of the first tide pole installed at Port-au-Françaisby 
the SHOM in December 1949

Relative sea level trend at Port-aux-Français, Kerguelen Island, since 1949. The sea level is expressed
in centimetres above the reference. The eight crosses, named SHM0–SHM8, correspond to the MSL 
computed over the period indicated in Table 1. The bold square IGN1 indicates the MSL measured in 
1962 in order to establish the zero data for Kerguelen. This level is the reference for the estimate of the
sea level trend. The grey rectangular box illustrates theuncertainty of the MSL estimate at this time. 
The width of the box shows the duration of the observation, and its height provides an estimate of the
uncertainty based on annual and interannual variabilities (annual=±4 cm; interannual=±1.9 cm). The
black curve on the right represents the annual means of theROSAME permanent tide gauge for the
1994–2004 period. The two dash–dotted lines indicate the upper and lower estimates of the rate of
global average sea level rise (Church et al. 2001). Thecentral black line is our estimate of the relative 
sea level trend at Kerguelen
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