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Synopsis

A review is conducted on the status of sea level monitoring in the British Overseas Territories (BOTs), showing where measurements have been made in the last two decades by various groups, and thereby indicating where investments in future recording are needed. Sea level has risen in every territory since the early 1990s, and is predicted to increase by approximately 0.25-1.0 m by the end of the 21st century, depending on emission scenario. As a result, it is maintained that sea level monitoring is needed in all BOTs, both for local coastal applications and as British contributions to the worldwide sea level monitoring programme.    

Introduction

This article is concerned with sea level monitoring in the British Overseas Territories (BOTs). These are the 14 remaining parts of the former British empire that once covered a quarter of the globe (Cannon 2009; Wikipedia 2014). Most of the territories are small islands in the North and South Atlantic, with more distant outposts in the Indian and Pacific Oceans and Antarctica (Table 1 and Fig 1). 

The BOTs present a fascinating selection of different coastal types. Thanks to their geographical spread and relative isolation, they together have more biodiversity than the UK itself. Some of them are UNESCO World Heritage Sites. All coastal communities, including those of the BOTs, have a practical need for access to sea level data from modern tide gauges. These data provide engineers with the information on extreme sea levels that they need to design coastal defences and infrastructure such as quaysides and promenades. Environmentalists also need to know the frequency and magnitude of high sea levels during storms that result in beach erosion and the flooding of sensitive natural habitats. Everyone with an interest in the coast needs access to the best possible advice from sea level scientists as to the likely magnitudes and rates of change of sea level in the future.

Long-term sea level rise represents a threat to many sections of BOT coastlines, including the sandy beaches of the Caribbean (used by both turtles and tourists), the corals of the Chagos Archipelago (British Indian Ocean Territory), and the coastal infrastructure of harbours such as at Gibraltar, Stanley (Falkland Islands) and St. Helena. The understanding of sea level change and its impacts, within the overall context of climate change, has recently been reviewed by the Intergovernmental Panel on Climate Change (IPCC) Working Groups I and II (IPCC 2013, 2014a,b). Chapters 3 and 13 in IPCC (2013) cover past and future sea level change, while chapters 5 (coastal systems) and 29 (small islands) in IPCC (2014ab) are the most relevant regarding sea level impacts at locations such as the BOTs.

Sea Level Monitoring in the BOTs

An understanding of sea level change, and an appreciation of its impacts, will never be as complete as possible without having the reliable data with which to confront the ocean and climate computer models upon which the IPCC depends. That implies having a means to monitor sea level on a long term basis.

Fig 1 shows that the BOTs (particularly the islands) provide ideal platforms for monitoring sea level (and other physical, chemical and biological parameters) within vast ocean areas and so, if they were all instrumented with tide gauges and associated equipment, would contribute significantly to the global sea level monitoring objectives of the Global Sea Level Observing System (GLOSS) of the Intergovernmental Oceanographic Commission (IOC 2012).  These worldwide in situ measurements of sea level would complement those provided on a quasi-global synoptic basis by satellite radar altimetry (Pugh & Woodworth 2014), see below. The same equipment would provide all the sea level data needed by engineers etc. for local purposes.

In fact, some BOTs have a long history of environmental monitoring (Kenworthy & Walker 1997), and sea level has been measured for different purposes. Short-term measurements, primarily for determining tidal characteristics, were made at many locations in the 19th century (Herschel 1849). The records of the Permanent Service for Mean Sea Level (PSMSL), the global data centre for long-term sea level information, show that extended recordings of mean sea level (MSL) were made in Bermuda as early as 1833-1854, and in the Falklands in 1842 by the polar explorer James Clark Ross (Woodworth et al. 2010). Details of the availability of MSL information at each site can be obtained from the PSMSL web site (www.psmsl.org).

However, in spite of the several good arguments for instrumenting all the territories, and although some have had a long history of sea level recording, Table 1 shows that the current status of sea level monitoring in the BOTs is not as complete as one would like. Of the 16 BOT locations in Table 1 only seven have sea level records provided by UK groups while three others are provided via US agencies. The remaining six have no long records at all, and for these the nearest PSMSL long-term record in a neighbouring country are shown in Table 1. Some of these records are shown in Fig 2 in black (the Caribbean records are similar and are not all shown). 

Table 1 and Fig 2 refer to two other locations. Newlyn is included in this paper as a representative of the 44-gauge network in the UK itself that is maintained by NOC on behalf of the Environment Agency. Vernadsky, a Ukrainian base on the west coast of the Antarctic Peninsula, was formerly a British Antarctic Survey base called Faraday. That base has a venerable tide gauge that was installed originally as part of the International Geophysical Year in 1957-8. It is still in operation and provides the longest sea level record in Antarctica. It is now maintained in a collaboration between NOC and the National Antarctic Scientific Center of the Ukraine.

Fig 2 shows that some of the BOT tide gauge records have large gaps which are partly a consequence of the difficulty of access for maintenance visits (e.g. no airfields at some South Atlantic islands or at Pitcairn, or long flights by military aircraft for Diego Garcia), although at some locations maintenance is provided by excellent local contacts. The construction of a new airport at St. Helena should help with access to the gauge there. However, in other BOTs there are only one or two, non-ideal locations for a tide gauge, and even these are hard to maintain. For example, the only feasible location at Tristan da Cunha is in an enclosed small harbour exposed to harsh wave conditions and tide gauges have tended not to operate there for long without damage. Moreover, those sections of the record that have been acquired successfully include large signals due to very local wave setup that have nothing to do with the sea level outside the harbour that one would wish to measure. 

Table 2 provides a list of data centres which hold tide gauge information from the BOT locations in Table 1. The tide gauge technology differs between agencies. For example, UK groups tend to use pressure and radar systems (Fig 3), while US groups have in the past mostly used acoustic systems (IOC 2006). In all cases, sea levels are recorded at ‘higher-frequency’ (typically averaged over 1, 6 or 15 minutes) with these values filtered to provide hourly values, which are optimum for most tidal and oceanographic studies, and then combined into monthly and annual means as archived by the PSMSL.

Applications of Tide Gauge Data

As mentioned above, the arguments for providing sea level monitoring at any coastal location, including those of the BOTs, are often constructed from one of two perspectives. One perspective involves ‘practical applications’, whereby continuous monitoring of levels is required for particular local purposes. The second perspective involves ‘scientific applications’ that have a local, regional or even global context, that complement the sea level information provided by the irregular sampling of the global ocean by altimetry.

Many examples of both types of applications are available (IOC 2006; Pugh & Woodworth 2014) which are summarised below. However, a point to stress is that one perspective need not exclude the other, and that any proposal for funding for a new installation would be better constructed around both sets of applications. For example, inexpensive tide gauges are sometimes purchased by harbour authorities to provide an instantaneous display of the state of the tide, but the data are never shared and are anyway not of sufficient quality for other applications such as science. However, if there is already a good site for a tide gauge, then discussion with other sea level stakeholders might result in a better quality instrument being purchased capable of providing data for all applications, including science.

Practical Applications

These applications include the use of tide gauge data to determine ‘tidal constants’ from which predictions of high and low water levels and times can be computed. This sort of analysis has been undertaken for many years by NOC, UK Hydrographic Office, NOAA and other groups. Such tidal information is published routinely in diaries and newspapers, and can be accessed for many of the BOTS at www.ntslf.org/tides. Tide tables are employed at many BOTS by port authorities, fishermen and other coastal users.

More sophisticated use of ‘delayed-mode’ tide gauge data (i.e. data which have been subjected to quality control by a data centre and eventually made available to users) include the determination of statistics of non-tidal variability due to storm surges, and the calculation of extreme levels for flood risk studies (e.g. the calculation of the ‘return periods’ at which particular levels may be exceeded). The latter are obviously of great importance to coastal engineers for the design of coastal defences and infrastructure. Local land survey datums are often defined in terms of ‘Mean Sea Level’, which requires an extended period of measurement by a tide gauge, with MSL datum transferred throughout a territory by geodetic methods.

One ‘real-time’ application of tide gauge data is within storm surge monitoring, either for instantaneous display of sea level or for onward transmission of the data to centres where surge levels are compared to those predicted by numerical models. Similarly, gauges can form an important component of a tsunami warning system.  The Caribbean is often subject to tropical storms and hurricanes, and less often to tsunamis, and has recently benefitted from investment in sensors for such real-time ‘multi-hazard’ sea level monitoring (see www.ioc-tsunami.org). This includes at the Cayman and British Virgin Islands where information from neighbouring countries is relied on (Table 1). Some of these data can be inspected in real time via the IOC Sea Level Monitoring Facility at the Flanders Marine Institute (www.ioc-sealevelmonitoring.org). Unfortunately, some of these instruments are simple pressure sensors which are subject to instrumental drift and so are not suitable for long-term mean sea level studies.

Scientific Applications

Data from the South Atlantic network have been used in many scientific studies of sea level variability in a region of the southern hemisphere which has been under-sampled historically. Some examples at the high and low frequency ends of the variability spectrum include the impact of distant North Atlantic swell on Ascension and St. Helena (Vassie et al. 2004), the identification of 5-day waves in the atmosphere and ocean (Woodworth et al. 1995; Mathers & Woodworth 2004), and investigations of long-term sea level trends at individual islands (Woodworth et al. 2005, 2010, 2012). Data from Stanley and the Antarctic bases have been used in several studies of coherence of sea level around Antarctica and changes in the transport of the Antarctic Circumpolar Current (ACC) (Hibbert et al. 2010; Hughes et al. 2003; Meredith et al. 2004; Woodworth et al. 2006). The South Atlantic has also provided a test bed for the development of advanced tide gauge technology (Woodworth et al. 1996). In the North Atlantic, data from Bermuda have been used in many studies of sea level variations in the sub-tropical gyre and along the North American Atlantic coastline (Sturges & Hong 1995; Thompson & Mitchum 2014; Woodworth et al. 2014). Several papers have used Gibraltar and nearby Spanish and North African data in studies of exchange flows between the Atlantic and Mediterranean (Garrett et al. 1989).  In the Indian Ocean, long-term changes in sea level in the Chagos Archipelago have been investigated using data from the tide gauge in Diego Garcia (Dunne et al. 2012).  Altogether, these individual papers add up to a body of work that is comparable in size to that concerning sea level variability in the UK itself.

These examples largely refer to studies at particular locations. However, the scientific value of sea level data is most apparent when used in combination in a network (as for meteorological data). The GLOSS programme of IOC is the mechanism by which international coordination takes place for network construction. Data from the tide gauges are then contributed to the PSMSL and other data centres, from which they are accessed by scientists for studies that eventually contribute to the IPCC scientific assessments. They also have a combined role in the validation of altimeter data (Mitchum 2000) which also eventually feeds into the IPCC. Data from tide gauges in the BOTs, made available via the PSMSL and other sea level centres, contribute to many regional and global studies in this way.

Comparisons to Satellite Altimetry

For Fig 2 the period of approximately two decades since the early 1990s is used. This period saw the establishment of modern recording at BOTs in the South Atlantic and Antarctica, and coincided with what is sometimes called the ‘era of satellite altimetry’ that commenced with launch of TOPEX/Poseidon in August 1992. 

Fig 2 shows in red altimeter sea level obtained from the ‘reference series’ of the TOPEX/Poseidon, Jason-1 and Ocean Surface Topography Mission/Jason-2 missions spanning 1992-2013. (Rothera is not accompanied by an altimeter time series as its latitude is at the limit of the reference series and there is ice cover for half of the year. The altimeter data loss due to ice is less at Vernadsky.) The data are averaged within a ±2° latitude/longitude box around each tide gauge and then filtered to provide a quasi-monthly sampling similar to that of the monthly MSL from the tide gauges as archived by the PSMSL. In this case, a version of the reference series data set provided by Brian Beckley of the Goddard Space Flight Center is used, which is uncorrected for air pressure effects and so is more directly comparable to the sea levels measured by the tide gauges. 

Altimetry cannot measure exactly at the coast, where the tide gauge is, due to the footprints of its radar and radiometer measurements overlapping with the land. Therefore, the magnitude of any correlation between the sea levels observed by the two methods depends on the variability in the open ocean being similar to that at the gauge itself (Vinogradov & Ponte 2011). This similarity does not apply for all locations or even all islands (Williams & Hughes 2013). However, for most of the BOTs, close agreement can be seen in Fig 2 between the two techniques in describing the variability of sea level on seasonal and interannual timescales. Small differences in the seasonal cycle observed by each technique are seen at Gibraltar where the narrow strait means that the tide gauge and altimeter sample ocean areas with slightly different seasonal cycles (Menemenlis et al. 2007).

However, there are sometimes differences in the long-term trends measured by the two techniques. This is to be expected as there are differences between the types of sea level observed. Altimetry measures ‘geocentric sea level’, which is a measurement of a height with respect to the centre of the Earth (or in practice to a reference ellipsoid), while tide gauges measure ‘relative sea level’, which is a height with respect to the land on which they are located (Pugh & Woodworth 2014). If geocentric land movements, as can measured with a Global Navigation Satellite System (GNSS) receiver, are zero, then the two sets of long-term trends should in principle be the same. However, in many cases, vertical land movement is ~1 mm/yr or more due to a number of natural and anthropogenic geophysical processes, including in particular Glacial Isostatic Adjustment (Tamisiea & Mitrovica 2011). In that case, differences in trends can occur.

Vertical land movement, arising from whatever combination of geophysical processes, needs to be measured at each tide gauge site, and the GLOSS programme has a requirement for a GNSS receiver to be installed alongside each tide gauge in its ‘core network’ (IOC 2012). About half of the BOT gauges have been equipped with GNSS so far. For example, Fig 4 shows a GNSS (or Global Positioning System, GPS) installation near to the tide gauge at King Edward Point, South Georgia (Teferle et al. 2014). The Système d'Observation du Niveau des Eaux Littorales (SONEL) web site (www.sonel.org) contains time series of GNSS measurements at other BOT sites and at many other tide gauges worldwide.

In spite of the complications to do with vertical land movements, an important point to make with regard to the BOTS is that trends in the last two decades have been positive at every site using either technique (Table 3, with the possible exception of Vernadsky). Although sea level has actually fallen in this period in some areas, primarily in the eastern Pacific (IPCC 2013; Pugh & Woodworth 2014), the BOTS are all located in the majority part of the ocean where it has risen. It is intentional that the uncertainties in each of the trends in Table 3 is not shown, which are from very short records of only two decades, with gaps in the case of some of the gauge records; they are shown here simply to demonstrate that they have been generally positive. For discussions of trends with longer tide gauge data sets where available, see the various publications mentioned above. Similar publications are available concerning UK sea level trends (Woodworth et al. 2009). 

Future Sea Level and the BOTs

Fig 13.20 of IPCC (2013) shows that the sea level rise in the Caribbean, South Atlantic and Western Indian Ocean by the end of the 21st century could be comparable to the global mean of 26-98 cm, depending upon emission scenario (with the possible exception of the Antarctic stations). This rise will have many impacts (IPCC 2014a,b) and needs to be monitored.

However, if altimetry can provide similar long-term information for the BOTs as tide gauges, why invest in tide gauges at all? The point is that the two sea level measurement techniques provide highly complementary sets of information and both are needed. Gauges provide the higher frequency data needed to monitor sea level continuously at a particular site, near to where people live or close to environmentally sensitive coastal ecosystems. In addition, they can be used in ‘multi-purpose’ applications such as tsunami warning. On the other hand, altimeters provide lower frequency sampling at any one point but more spatially complete information, giving a synoptic overview of how sea level is changing in the wider region. The combined analysis of data sets, one source of data being possibly more important than the other in any particular study, provides the authoritative sea level information required.

There are three further general points to be made in support of the installation of tide gauges. One is that, with regard to long-term trends such as those of Table 3, some people will not accept information from space provided by ‘experts’. If possible, they need the reassurance of knowing that sea level is rising from local measurements made by their nearest tide gauge. A second point is that space missions cost 100s of millions of dollars (exactly how much is never clear) compared to the 10s of thousands of dollars needed for the establishment of a modern tide gauge (possibly 50 thousand dollars if one also includes a GNSS receiver to monitor land movements, as required by GLOSS standards), so their cost is trivial within that of an overall monitoring system. A third is that, although a number of altimeter missions are assured over the next decade (Benveniste 2011), their high cost means that their availability cannot be guaranteed over the next century when sea level is expected to change significantly. The preservation of a relatively low-cost global tide gauge network is therefore essential in providing continuity of monitoring. However, without national obligations being met (in this case by the BOTs) with regard to an agreed international programme (in this case GLOSS), there is no programme.

Many of the BOTS are located in parts of the ocean that have much less sea level sampling than, say, Europe or North America. Consequently, their enhanced monitoring of sea level will be scientifically interesting and novel in many ways. The use of BOT tide gauges to monitor fluctuations in the ACC, which is one the largest ocean currents has already been referred to (Hibbert et al. 2010). Further enhanced monitoring in the BOTs will enable oceanographers to understand better the circulation of other remote parts of the ocean. For example, there are plans for a monitoring system of the meridional overturning circulation in the South Atlantic based on a set of mooring across 34.5°S (NOAA 2014), similar to that now operational in the North Atlantic (McCarthy et al. 2014). This could be complemented by state-of-the-art sea level measurements in South America, Africa and at the BOT islands in the southern parts of the South Atlantic. Further north, sea level data from Ascension and St. Helena already add value to US-French-Brazil monitoring of the tropical Atlantic (Woodworth et al. 2012; PMEL 2015). 

Conclusions

How can all (or least most) of the BOTs be provided with the sea level monitoring equipment needed to meet local requirements and fulfil obligations by the UK to a long-term international monitoring programme (i.e. GLOSS)? The difficulty in answering this question stems from the fractured way funding is organised in the UK (and BOTs). The Environment Agency funds the monitoring by NOC in the UK itself. The Natural Environment Research Council (NERC), of which NOC is a component, funds the South Atlantic network as part of its science programme (in a subset called ‘National Capability’). Our understanding is that otherwise the lead UK department for international environment observing programmes is the Department for Food, Environment and Rural Affairs (Defra) but they do so only following commitments as a result of signing international Conventions, and IOC programmes such as GLOSS do not come into this category. The Foreign and Commonwealth Office has responsibility for the BOTs themselves. It does not fund infrastructure such as that discussed here but nevertheless could do more to encourage the individual BOTs to be better represented in international programmes. To our knowledge, the only BOT to have invested in its own tide gauge has been the Government of Gibraltar a decade ago, although several of the BOTs (or their consultants) have taken the opportunity of making use of NOC-provided data. 

Sea level monitoring is rather better recognised by France regarding its Overseas Departments and Territories. Following the Sumatra tsunami in 2004, both the UK and France commissioned reports on tsunami risk (Kerridge 2005; French Government 2008). However, while the French report was geographically wide-ranging and resulted in major investment in multi-hazard sea level infrastructure in the Mediterranean and in the territories in the Caribbean and Indian and Pacific Oceans, the UK report was focused on the UK itself and there was no suggestion of corresponding investment in the BOTs. These French investments, although initially concerned with tsunami risk, will eventually benefit all sea level applications. They were accompanied by an instruction from the Sécrétariat Général à la Mer (directly responsible to the Prime Minister) to extend the remit of the Service Hydrographique et Océanographique de la Marine (SHOM) beyond its traditional hydrographic applications so as to include the coordination of sea level observations in all departments and territories (French Government 2010). There was no corresponding initiative by the UK.

In our opinion, the UK Government should take a similar lead in coordination between UK Departments and BOT Administrations to ensure that the necessary sea level monitoring investments take place within its own overseas territories. 
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Figure Captions

1. Map of the locations of the British Overseas Territories mentioned in Table 1 (red dots) and two additional stations (blue dots).
2. Records of monthly mean sea level (MSL) at each site from tide gauges (black) and altimetry (red). Tide gauge names are shown in blue for sites in the BOTs themselves and black for sites in neighbouring countries (see Table 1). (a) Sites in the South Atlantic, (b) North Atlantic and (c) Other areas. Some sites in the Caribbean in Table 1 are not included in these figures as their records are similar. For St. Helena, Tristan and Diego Garcia, the datums of separate sections of MSL data remain to be confirmed and are here estimated only. For some sites there are additional data available at the PSMSL subject to particular warning flags. Later data for all sites may be obtained from the centres shown in Table 2.
3. Examples of modern radar gauges at BOTs: (a) An OTT Radar Level Sensor (RLS) at St. Helena at the end of a cantilevered arm. (b) A Waterlog DAA 3611i gauge at Stanley on a shorter arm. (c) An OTT Kalesto gauge installation at Gibraltar. In this case the radar gauge transmits horizontally inside an aluminium tube, with the beam reflected off the 45° end of the tube (painted yellow on its outside) downwards to the sea surface. All photographs courtesy of NOC.
4. (a) The tide gauge installation at King Edward Point, South Georgia comprising deep and ‘half-tide’ pressure sensors, a tide board and a tide gauge benchmark, (b) a GNSS receiver (called KRSA) approximately 150 m from the tide gauge. The tide gauge, GNSS receiver and an additional receiver on nearby Brown Mountain together form the ‘KEP Geodetic Observatory’, a collaboration between NOC and the University of Luxembourg. Photographs courtesy of Professor Norman Teferle (Univ. Luxembourg).



Table Captions

1. The BOT locations shown in Fig 1, giving the main or nearest tide gauge, as represented in the PSMSL database, together with the authority responsible for operating the gauge.
2. Data centres holding tide gauge data from BOT locations, types of data held and web site names.
3. Trends in sea level as shown by the altimeter and tide gauge data in Fig 2.




Table 1

	Station Number in Fig 1
	British Overseas Territory
	Nearest tide gauge (*)
	Location (**)
	Operator (***)

	1
	Anguilla
	Lime Tree Bay, St. Croix, US Virgin Islands
	N (200 km)
	NOAA

	2
	Bermuda
	Bermuda, St. George’s
	B
	NOAA

	3
	British Antarctic Territory
	Rothera
	B
	NOC/BAS

	4
	British Indian Ocean Territory
	Diego Garcia
	B
	UHSLC

	5
	British Virgin Islands
	Charlotte Amalie, US Virgin Islands
	N (30 km)
	NOAA

	6
	Cayman Islands
	Casilda, Cuba
	N (300 km)
	CNTS

	7
	Falkland Islands
	Stanley
	B
	NOC

	8
	Gibraltar
	Gibraltar
	B
	NOC

	9
	Montserrat
	Guadaloupe
	N (100 km)
	Météo-France

	10
	Pitcairn Group of Islands
	Rikitea, French Polynesia
	N (700 km)
	UHSLC/SHOM

	11
	St. Helena, Ascension and Tristan da Cunha
	St. Helena
	B
	NOC

	12
	
	Ascension
	B
	NOC

	13
	
	Tristan da Cunha
	B
	NOC

	14
	South Georgia and the South Sandwich Islands
	King Edward Point, South Georgia
	B
	NOC/BAS

	15
	Turks and Caicos Islands
	Gibara, Cuba
	N (450 km)
	CNTS

	16
	Sovereign Bases Areas on Cyprus (Akrotiri and Dhelalia)
	Hadera, Israel
	N (300 km)
	IOLR

	
	
	
	
	

	
	Additional tide gauges
	
	
	

	17
	UK
	Newlyn
	UK
	NOC/EA

	18
	British Antarctic Territory
	Vernadsky/Faraday
	B
	NOC/NASC



(*) The ‘nearest tide gauge’ is the nearest gauge having an extended record in the PSMSL.
(**) B: Gauge is located in the British Overseas Territory, N: Gauge is in a neighbouring country at the approximate distance shown
(***) NOAA: National Oceanic and Atmospheric Administration (USA), NOC: National Oceanography Centre (UK), BAS: British Antarctic Survey (UK), UHSLC: University of Hawaii Sea Level Center (USA), CNTS: Cuban National Tidal Service, SHOM: Service Hydrographique et Océanographique de la Marine (France), IOLR: Israel Oceanographic and Limnological Research, EA: Environment Agency (UK), NASC: National Antarctic Scientific Center (Ukraine).



Table 2

	Tide Gauge Data Source
	Data Type
	Web Site

	NOC (South Atlantic, Antarctic and Gibraltar data)
	Higher-frequency (e.g. 1 or 15-minute values) delayed-mode
	www.ntslf.org 

	NOC (UK data)
	Higher-frequency (15-minute) delayed mode
	www.bodc.ac.uk 

	NOAA
	Higher-frequency (6-minute) delayed mode
	tidesandcurrents.noaa.gov

	UHSLC
	Higher-frequency (mostly hourly) ‘research quality’ and ‘fast delivery’ delayed-mode
	uhslc.soest.hawaii.edu

	PSMSL
	Monthly and annual mean values
	www.psmsl.org 

	Flanders Marine Institute (VLIZ)
	Higher-frequency (e.g. 1 minute) near-real time
	www.ioc-sealevelmonitoring.org







Table 3

	Station Number
	Altimeter Trend in mm/yr (*)
	Tide Gauge Trend in mm/yr (*)

	1
	2.8
	2.9

	2
	2.0
	3.1

	3
	-
	-

	4
	4.7
	2.2

	5
	2.8
	2.7

	6
	2.4
	3.5

	7
	2.7
	1.3

	8
	3.9
	-

	9
	2.8
	1.1

	10
	1.5
	2.6

	11
	2.4
	1.2

	12
	3.1
	3.4

	13
	3.2
	-

	14
	2.7
	-

	15
	1.9
	1.7

	16
	4.9
	5.8

	17
	2.2
	3.9

	18
	3.7
	-0.3



(*) Trends are calculated from the separate red and black data shown in Fig 2. Trends are not shown for altimetry at Rothera (station 3, see text) or for gauges with small amounts of data.
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