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[bookmark: _Toc39240556]Abstract
Global warming has significant effects, particularly on dune backed embayed beaches, and Tenby South Sands, Pembrokeshire is one such beach. At medium-and short timescales, beach level change was assessed and between 1996 and 2019 beach levels mostly fell, confirmed by both t tests and regression modelling. Morphostat assessments using 1996-2013 data and more recent 2019 data, highlighted southern erosion, central stability (albeit with falling beach levels) and upper tidal accretion with lower tidal erosion in the north. However, overall beach erosion outweighed accretion and the profile was allocated a red decrease status. Short-term results using 2008-2010 monthly data and the 2019 survey, showed variable profile change confirmed by t tests and regression models with almost negligible correlation. However, Morphostat assessments using beach profiles averaged to represent each beach sector did show that, with the exception of the northern upper tidal area, beach levels in 2019 fell outside the 2008-2010 envelope and when all 13 profiles were assessed all but one were allocated an overall red status. Strategically, beach management, based upon medium term results would trigger further investigation, including assessments of external influences as well as additional profile data collection over shorter or project timescales. Depending on the trigger level framework, these investigations would prompt an agreed action. 
This research has demonstrated the efficacy of the Morphostat programme for coastal zone management in providing a strategic assessment of beach health. Categorising whether a beach falls within or outside survey trends enables not only high-level strategic decision making, but implementation at project level to assess beach change and inform design, or as a monitoring tool during and after construction.    
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[bookmark: _Toc39240560]Chapter 1 Introduction
Global sea-level rise as a result of climate change is a major threat to the coastal environment and is expected to accelerate (Papadopoulos and Tsimplis 2006). Large parts of Great Britain’s coasts already experience several problems, including sediment starvation and erosion (de la Vega-Leinert and Nicholls 2008). Carmarthen Bay, West Wales, is a large embayment and Tenby South Sands, Pembrokeshire, (ordnance Survey Reference: 212200, 198500) is located on its western fringe (Thomas 2012). A classic embayment backed by dunes and developed between two erosion resistant headlands that structurally control the evolution of the bay (Short and Masselink, 1999, Thomas et al., 2010). A dearth of worldwide macro tidal embayed beach studies existed prior Thomas et al’s (2012) work within the present study area. Their works established beach rotation influenced by several forcing variables, at multiple temporal scales (for example Thomas et al, 2010, 2011b, 2011d, 2015 and 2016). They established links between offshore island and spit diminution and teleconnection and wave variations (Thomas et al 2011a and 2011c). 
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[bookmark: _Toc38022316][bookmark: _Hlk38430578]Figure 1. 1: a) Carmarthen Bay and b) Tenby South Sands Study Area.

To fill important research gaps and inform future management strategies, it was important that their work was assessed and updated. Previously, short-term data analysis was completed in November 2010 and the medium-term data was last collected in Spring 2013. Consequently, the main aims of this study are to:
· Evaluate existing embayed literature at a local and international level. 
· Examine shoreline evolution at medium and short timescales to identify spatial change (based upon beach level variation).
· Propose beach management strategies based upon a statistically derived methodology.
To achieve research aims the following objectives were established:
· Collect data using dGPS technology at the predetermined beach profile locations set out in previous research. 
· Analyse intertidal shoreface dynamics as expressed by cross shore profile variability for both medium and short timescales.
· Quantitatively analyse data using the “Winstat” statistical programme to assess profile variability 
· Assess the extent of profile variability using “Morphostat” semi-automated programme and set results for medium and short timescale against a predetermined framework.
Ordinarily the results of the assessments would be set against the variables that influence these changes, such as, wind, waves, their directional components and teleconnection patterns, as well as physical influences, such as, bathymetry and offshore islands that affect refraction and diffraction patterns inter alia. However, this project only analyses the physical changes and does not attribute causation, which would be the subject of continued research at this littoral. 

[bookmark: _Toc39240561]Chapter 2 Literature Review
[bookmark: _Toc39240562]2.1 Introduction 

There is a growing realisation that many of the world’s coastlines are under threat due to the impacts of climate change. Assessments of acceptable risk based on ongoing costs to defend, requires that suitable choices are made to reduce difficult and costly decisions for the future (Phillips et al, 2018). Seasonal changes in beach profiles constitute an important aspect of the adaptability of the coastal environment which is paramount for urban beaches (Benavente et al., 2014). Studies carried out on southern California beaches in the late 1940’s and the early work of Shepard (1950) discovered that seasonal beaches generally transport sand towards the beach during the spring and summer causing a steeper gradient on the beach face and a well-developed berm at the end of the summer, with a wider dry beach (Benavente et al., 2014). Assessment of the current condition of a coastline provides vital information in deciding whether to step in and mange physically or to refrain from intervention (Phillips et al., 2018).
[bookmark: _Hlk36798056]Monitoring beach changes through varying temporal periods is a common and effective way of measuring erosion and accretion rates (Taveira-Pinto et al, 2009) and the ability of a beach to shift between these two different morphodynamic states shows the health of that particular beach (Benavente et al., 2000, Benavente et al., 2002). These changes are often depicted conceptually, however, generic models for coastal monitoring are difficult to achieve outside a local environment (see for example, Taveira-Pinto et al., 2009; Thomas et al., 2015; Griffiths et al., 2018 inter alia). Healthy beaches can adapt to changes in energy conditions, meaning its absence could be an indicator of erosion trends (Benavente et al., 2000, Benavente et al., 2002). 
[bookmark: _Toc39240563]2.2 Embayed beaches and beach rotation
In nature, many coastline settings are in the lee of natural or artiﬁcial headlands that control beach evolution and feature curved shoreline geometry, best described as a zeta log spiral or parabolic curve (Thomas et al., 2016). Over 50% of the world’s coastlines are representative of this morphology (Short and Masselink, 1999). Headland impact complexities often mean that embayed beaches receive less attention than unconstrained beaches (Klein et al., 2002; Thomas et al., 2011a).
 Beach rotation is a phenomenon in embayed beaches that are generally exposed to variable directional wave climate. A shift in incident wave direction would result in a shoreline realignment as a response but may not necessarily result in an overall change in sediment budget (Klein et al., 2002; Thomas et al., 2011b). This process is shown schematically in Figure 2.1. Incident wave approach the beach at an angle to the shore, resulting in updrift erosion and down drift accretion Figure 2.1a and vice versa when wave directional processes are reversed. (Figure 2.1b). 
[image: ]
[bookmark: _Toc37921773]Figure 2. 1: A simple model of rotation, a) waves from one direction create erosion updrift and accretion downdrift and b) a reversal in wave direction reverses this process. Reproduced from Harley et al. (2011).

Figure 2.1 A simple model of beach rotation, a) waves from one direction create erosion updrift and accretion downdrift and b) a reversal in wave direction reverses this process. Based upon Short and Masselink (1999) and reproduced from Harley et al. (2011)
Often short term beach rotation processes generally follow erosive events that realignment of the beach shoreline and this is more often than not as a result of a shift in incident wave direction (Klein et al., 2002).Incident waves are not the only mechanism that may influence rotation for example, Anthony and Dolique (2004) and Dolique and Anthony (2005) showed that the migration of a mudbank was the cause on rotation in Cayenne, French Guiana. In the present area of study Thomas et al. (2011c) showed that the diminution of sediment within a sandbank caused the beach to rotate at historic timescales. But also showed that variations in wave directional components influences by teleconnection patterns also influenced rotation at short (Thomas et al., 2011b) and medium (Thomas et al., 2011d) timescales. But waves are the main cause of erosion, impacting the headlands then dispersing and filling the nearby bays (Boashash, 2015), eroded sediment is deposited along the beach and will eventually relocate back to its original location when a new shift in wave direction occurs. 
Most beach research has been centred within mesotidal or microtidal environments, and as a result, tidal effects associated with macrotidal environments have received comparatively little attention in the literature (Masselink and Turner, 1999). But there has been a notable resurgence within the region study since the seminal works carried out on Pendine Beach, Carmarthenshire.by Jago and Hardisty (1984) and the Carmarthen bay work by Barber and Thomas (1989). With more recent studies carried out at historic, medium and short temporal period by Thomas et al. (2012 and 2015), Griffiths et al. (2018) and within the present study littoral for example Thomas et al. (2015) and (2016). 
[bookmark: _Toc39240564]2.3 The importance of the beach profile 

Evolution of cross-shore beach morphology in the medium- to long-term time scale entails large scale coastal topographical changes that are important for long term planning and management of the coastal zone (Karunarathna et al., 2011). The beach profile is important in that it can be viewed as a natural mechanism that causes waves to break and dissipate energy (Komar, 1998, Thomas et al., 2010). Therefore, the simplest expression of a beach is its cross-sectional profile, which reveals heights, width, slope and volume (m3/m2) of the beach through time or longshore (Short, 1999). Nevertheless, they can be complex morphological features mainly due to the existence of bars and troughs but in overall form they tend to be steepest at the shoreline, with the slope decreasing in the offshore direction (Komar and Dougal 1994). Exposure to energetic wave conditions is responsible for driving sediment transport and can lead to a rapid profile response and influence its cross-shore shape (Komar, 1998). Because most beaches are characterised by a concave-upward intertidal and subtidal profile. the shoreface is wider at low tide than at high tide, especially over larger tidal ranges (Masselink and Turner, 1999). Most sandy beach shoreline profiles worldwide tend to progressively advance or retreat over the longer term (decades), and this pattern is a product of multiple factors, which may be of natural or anthropic origin (Jaramillo et al., 2020). In addition to this, beaches usually suffer from specific alterations over a shorter time scale, which are reflected by a representative sediment deficit or surplus (Mentaschi et al., 2018) 
Ideally, management operations require knowledge of tidal elevations and extent of wave run-up under normal conditions and during storms. If data from a local tide gauge is available astronomical tidal characteristics can be established (i.e. Highest Astronomical Tide, High Water Mark Ordinary Spring Tide, etc.) (Thomas 2012). These can be related to an Ordnance Survey benchmark and used to establish beach profile positions (SNH, 2000).
[bookmark: _Toc39240565]2.4 Beach Profiling methods and technologies

The conceptional description and mathematical expression of beach profiles is fundamental in modern coastal geomorphology and morphodynamics (Huang et al., 2010). Beach profile data can be used to quantitatively establish beach response to storm events, beach recovery rates, long-term volume changes, areas of potential flood or erosion risk and the potential envelope of cross shore elevations (Rogers et al., 2010). Collected data may be used to establish direct sediment movement measurements and beach profile change over both time and sample frequency (Komar, 1998; Pilkey et al., 2002). 
Emery (1961) devised a simple method to measure cross shore profiles comprising two graduated boards and a length of rope. Differences in board height in conjunction with the horizon provide profile measurements. Short and Trembanis (2004) utilised the method to establish one of the longest records (circa 46 yrs.) of monthly profile data at Narabeen Beach, Australia. Although since 2004 data has been collected using RTK-GPS, an Argus coastal imaging station (Harley et al., 2011) and Airborne scanning laser technology (Middleton et al., 2013; Turner et al., 2016). Andrade and Ferreira (2006) justified the use of a water level, comprising flexible tube filled with water and two graduated poles for data collection accuracy equal to the Emery method.
The use of a surveyor’s dumpy or quickset level and tape is a more traditional and accurate (vertical accuracy 10mm) method of performing beach profile surveys (Rogers et al., 2010; 1996; Sorensen, 2006), but horizontal accuracy may be as much as 3m depending on profile length (Parson, 1997). The introduction of an Electronic Distance Measure (EDM) or total station, instead of a level dramatically improves horizontal accuracy to 5mm ± 3ppm x distance (Huang et al., 2002). Its measurement in 3-dimensional space employs sophisticated angle components, laser beam emitting and mirror reflecting procedures, to determine target position via its azimuth (Huang et al., 2002). Both methods required a minimum team of two (Rogers et al., 2010., Komar, 1998) and for repetitive surveys, it is important to establish a permanent benchmark, reduced to a datum that will survive any significant erosion (Sorensen, 2006). The introduction of robotic total stations that survey to similar accuracy can now be deployed and used by one man.
Global Positioning Systems (GPS) are now extensively used for field data collection (Huang et al., 2002; Pilkey et al., 2002;), early systems being suitable for measurements to the low tide mark which provided an accuracy of 150mm vertically and 5 to 10 m horizontally (Parson, 1997). However, the introduction of real time kinematics (RTK) and radio waves to correct readings between base station and rover, improves root mean square accuracy to 20 mm ±1ppm vertically and 10mm ± 1ppm horizontally (Thomas et al., 2010; Thomas et al., 2018; Huang et al., 2002). Further improvement in point accuracy was achieved by taking multiple observations; however, this is time consuming. Early equipment RTK typically involved two GPS receivers (a base station and a rover unit) lots of batteries and cables, two radios, a tripod and a pole, together with a backpack to carry all equipment (Thomas 2012). 
Survey control is essential in order to repeat the accuracy of subsequent surveys. Here, a range of methodologies from local coordinate systems using existing features as a baseline (Huang et al., 2002) using the services online positioning user service to determine exact positions in relationship to a national co-ordinate system (Camann and Wells 2008). Thomas (2007) employed a base station set up on a tri-pod, orientated to Ordnance Datum using GPS resection (line lengths and sub-tended angles), control point coordinates were observed 200 times to ensure accuracy, and referenced to the British coordinate system using RTK network technology. 
The growing availability of internet and telephone networks enabled development of a differential Global Navigation Satellite System (Thomas 2012). Consequently, RTK networks were developed to allow accurate surveys without a base station, saving valuable time in set up and use and similar to the use of robotic total station technology the surveys cab be conducted with just one operative  see Thomas et al. (2015) and (2018) for practical applications. 

[bookmark: _Toc39240566]2.5 Evaluating change 

[bookmark: _Hlk36748105]The prediction of shoreline variability along sandy coastlines is a valuable skill for a broad range of coastal engineering applications (Jaramillo et al., 2020).  In terms of beach profile analysis, Fenster et al. (1993) argued that analysts often compromise between accuracy with complex models and robustness of simpler ones.  According to Thomas et al. (2018), statistical methodologies abound in the study of coastal morphological change. Reeve et al. (2012) professed the use of multivariate statistics to identify principle components representing major changes along a beach profile. Douglas and Crowel (2000) argued that analysis begins with finding associations between variables and regression analysis is the basic tool.  These basic tools (linear regression) were successfully used by Phillips and Williams, 2007 and Phillips (2008) to model shoreline change on the Penarth, South Wales, coastline, the R2 value  or coefficient of determination was used to assess the accuracy of the model. In the present area of study Thomas et al, (2010) and (2016) successfully applied linear regression to theoretical profiles spaced evenly alongshore, to determine planform changes and estimate beach equilibrium (i.e. zero longshore drift). This methodology was also successfully applied by Thomas et al. (2014) at Ginst Spit, Laugharne, West Wales and Griffiths et al. (2018) at Port Eynon on the south Gower peninsula. Using a method like that developed by Short and Trembanis (2004), Thomas et al. (2011a and 2011b) successfully applied cross-correlation analysis establishing time lag relationships between profiles within short and medium temporal periods. This methodology was also successfully applied to beach profiles at Pendine and Cefn Sidan Sands within Carmarthenshire Bay and Mumbles to Kenfig Sands in Swansea bay.   
[bookmark: _Toc39240567]2.6 Shoreline Management Plan 
Motyka and Brampton (1993) identified 11 main sediment cells from which England and Wales have based their shoreline management plans. A sediment cell has been defined as ‘a length of coastline which is relatively self-contained as far as the movement of sand or shingle is concerned and where interruption such as movement should not have significant effects on adjacent sediment cells’ (MAFF, 1995:1). 
Shoreline management plans, aimed at a strategic level sets out a coastal defence approach for a stated coastal length, using the knowledge of both human and natural activities, essentially; defence and coastal processes; built environment and land use; the natural environment, particularly in the UK when considering the special areas of conservation (SAC) and special protected areas (SPAs) (Williams and Micallef, 2011). The risk management strategies include the following: (information gathered from SMP guidance, 2016)
· Avoiding development in vulnerable areas – planning control the land use
· Damage prevention work through managing beach, cliffs, dunes, saltmarshes
· Implementing secondary defence systems such as tidal defence
· Providing early warnings to reduce the consequences of risks (flood warning system operated by the Environment Agency)
· Developing flood and coastal defence schemes or changing buildings to lower the risk of flood damage
The most suitable measures will be based upon the severity of the situation including, technical, economic, social and environmental circumstances (SMP guidance, 2016). 
To enable efficient beach management, a reliable data source including baseline data of the beach system, cliff and dune environments and the beach sediment and erosion processes. Data collection on beach processes are used to recognise trends, their implications and origins, and provide a foundation to design beach management plans, subsequent evaluation and a strategic change in design (Williams and Micallef, 2011). 
The Welsh Assembly Government has defined a policy of Integrated Coastal Zone Management which encourages organisations that have an interest in the coastline of Wales to come together and formulate policies and plans that will lead to vibrant, economically, successful and sustainable communities around the coastline of Wales (SMPs 2012). 
Second generation Shoreline Management Plans (SMP) consider how a designated area of coastline is to be handled over epochs, e.g. 25 years, 50 years, and 100 years to address common arising issues such as flooding and/or erosion (Phillips et al., 2018). Changes in climate change affect the decisions made when analysing SMPs, which considers the socio-economic use, e.g. coastal tourism, etc. (EA, 2015). There are four policies under which management options are assessed under: (information gathered from Phillips et al., 2018)
· Managed realignment – An area of the coastline that will be neglected for a period of time and socio-economic assets will be moved or lost to the sea.
· Hold the line – This section of coastline will be defended or modify the types of coastal defence by constructing artificial defences to uphold the shoreline position. 
· Advance the line – Constructing new coastal defences on the seaward side of the current shoreline or coastal defence system. 
· No active intervention – Defence against flooding and erosion at particular locations on the coast will have no planned investment. This also covers the areas where coastal defences exist. 
Despite the management options, the rise in conflict between human activities and natural processes result in difficulties. Simm et al. 1996, stated that a coastline’s present-day status is fundamental in deciding whether to actively manage or refrain from intervention. 
However, before assigning management options, thorough examinations of the impacts of these decisions need to be conducted, these include detailed studies of hydrographical, geomorphological and the external forces such as waves, tides and their directional components as well as physical and economic studies in terms of indices. Regional studies have been performed in the former, by Thomas et al. (2010, 2011a, 2015 and 2016 respectively), Griffiths et al. (2018), Phillips and Williams (2007) and Phillips (2008) inter-alia. In the later, by Denner et al. (2015) who studied aspects of physical vulnerability and produced indices to evaluate the risk.  Kantamaneni et al. (2018) extended this by developing an integrated physical and socio-economic vulnerability index.   
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[bookmark: _Toc39240569]3.1 Introduction

The Bristol Channel is an inlet of the Atlantic Ocean located on the southwest of the British Isles (Thomas 2012: Figure 3.1A). The outer Bristol Channel lies at its western end from where it merges into the Celtic sea (Rangel et al., 2016: Figure 3.1B). There are several large embayment’s that fringe the margins of the Bristol Channel one of which is Carmarthen Bay (Thomas et al., 2015: Figure 3.1C). The studied littoral is located at the southwestern extremity of this wide (> 30km) but shallow (< 30m) embayment. The coastline that fringe Carmarthen Bay range from sea cliffs, sedimentary embayment’s and estuaries (Williams, 1996) and most coastal communities along this fringe rely on tourism which is a major contributor to their economy. 
[image: ]
[bookmark: _Toc37923283]Figure 3. 1: Study area location A) UK, B) Bristol Channel and C) Carmarthen Bay showing studies littoral highlighted with black border, reproduced from Thomas et al., (2012)
However, coastal landscapes are degraded by economic pursuits of a modern society (Clark, 1998) and unconsolidated beach sediments in this respect are most at risk (Bird, 2000). South Sands, Tenby, Pembrokeshire, (Grid Reference SN 212200, 198500; Figure 3.2) falls specifically into this category and has recently suffered near-shore and dune erosion.

[image: ]
[bookmark: _Toc37923284]Figure 3. 2: Tenby South Sands, study area




[bookmark: _Toc39240570]3.2 Geological setting
Tenby and its surrounding environment were formed by intense folding during the Variscan Orogony (Hunter and Easterbrook, 2004), defined in SW Pembrokeshire, by the Ritec and Benton faults (Hillier and Williams, 2007)). These thrusts dominate the structure of south Pembrokeshire, as high-level, thin-skinned Variscan features, and the trace of the Ritec Thrust subsequently influenced the erosion of Milford Haven (Howells, 2007). The Ritec fault formed a shallow valley that extends through the River Cleddau and continues as far as Skomer Island on the North West approaches to Milford Haven (Toghill, 2000). The area of high ground upon which Tenby and Giltar Point is situated is composed of Limestone outcrops laid down during the Carboniferous period with an elevation above ordnance datum of between 30m and 90 m (Halcrow, 2010).  Carboniferous Limestone and to a lesser extent Old Red Sandstone laid down during the Devonian period at a lower level is overlain by sand and shingle. The northern most limit of the Old Red Sandstone follows the trace of the Ritec Fault (Figure 3.3).  
[image: ]
[bookmark: _Toc37923285]Figure 3. 3: Geological Map of Pembrokeshire, Source John (2019)


[bookmark: _Toc39240571]3.3 Geomorphological Setting
The Ritec River is aligned along the fault line, close to the southwest of the Carboniferous Limestone promontory on which Tenby town is formed (Posford, 1998; Toghill, 2000). The river once outflowed through an estuary but was closed to tidal influence following construction of a road and railway embankments between Penally and Tenby in the mid to late 1800’s (Thomas et al., 2011). The River Ritec substantially trained and the flows diverted to a culvert which outflows below the lowest astronomical tide level (Thomas et al., 2010; Thomas et al., 2011). This resulted in the development of a bar across the estuary mouth, and the subsequent development of the present-day configuration of South Sands, Tenby (Posford Duvivier, 1993; Halcrow, 2010). 
The area between the two Carboniferous Limestone promontories of Gilter and Tenby, South Sands, is backed by a 50m to 300m wide dune barrier (Owen, 1973; BGS, 1994; Hillier and Williams, 2006; Halcrow 2010),  that overlays shingle that is periodically exposed during storms and high spring tides (Gibbard, 2005;Thomas et al., 2012). A classic embayment, with a shallow concave profile, wide sandy inter-tidal zone, and a ridge and runnel structure (Carter, 1988; SMP, 2000; Brown et al., 1999: Thomas et al., 2012). The distance between headlands, is approximately two kilometres, tides are semi-diurnal and macro-tidal. The relationship between respective tidal contours is given in Table 3.1.
[bookmark: _Toc37937115]Table 3. 1: Tide levels in relation to Ordnance Datum, reproduced from Thomas (2012)
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The littoral presents varying level of human occupation, Tenby to the north is heavily urbanised and important to the regional economy, To the south headland, Marshes and dunes are ecologically important conservation areas (Thomas, 2012).  Inland of the dune system lies golf links, a MOD firing range and Penally Cors, a Site of Special Scientific Interest (SSSI) enclosing an area of around 11 hectares (Thomas et al., 2010). Coastal sand dunes, perceived as areas worthy of sustainable development, they provide cost effective natural means of coastal defence, and are habitats for communities of highly specialised animal, and plant species (Carter, 1988). As a consequence, South Sands foreshore, dune system, cliffs and hinterland is designated SSSI status (except for the MOD shooting range), enclosing an area of approximately 110 hectares (Thomas et al., 2010) Figure 3.4.
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[bookmark: _Toc37923286]Figure 3. 4: Limits of the Sites of Special Scientific Interest. Source, Thomas (2012)









[bookmark: _Toc39240572]3.4 Anthropogenic Influences

It has been argued that Ritec Estuary closure in the mid 1800’s was a catalyst for the recent evolution of the bay (section 3.3). However, Thomas et al. (2012) suggested that changes in wind direction, wave heights and their directional components influenced by variations in the North Atlantic Oscillation (Large scale teleconnection patterns that dictate weather conditions over the UK) also had influence.  There is a record of recent erosion in the southern section of the beach (near Gilter Headland), and Thomas et al. (2010) maintained that this has been exasperated by attempts to stabilise the shoreline by constructing concrete groynes and installing gabion walling that subsequently failed. More recently concern has been raised about the aesthetic quality of the beach close to Tenby
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Figure 3. 5: Photographs of South Sands taken from the Tenby Headland looking south a) April 2013, and b) April 2020, Supplied by Dr Tony Thomas.




[bookmark: _Toc39240573]Chapter 4 Methodology

[bookmark: _Toc39240574]4.1 introduction

The review of literature (Chapter 2) identified that extensive research had been carried out with respect to headland embayed beaches in the general sense, but also within the current area of study (South Sands, Tenby Pembrokeshire). Within this environment, Thomas et al. (2010, 2011 and 2012)   studied morphodynamical variability using both beach profile data at medium (6 monthly) and short (monthly) temporal scales but also planform variability at historic timescales. In an embayed beach environment (Swansea, southwest Wales) Thomas et al. (2018) utilised medium timescale profile data introducing to develop the “Morphostat” programme.  Even though originally designed as a monitoring tool for a proposed tidal lagoon, Thomas et al. (1018) suggested that “Morphostat” may be applied to any tidal range, tidal ladder conﬁguration and disparate profile length. Despite extensive research being conducted at South Sands Tenby, three key areas have been identified to enhance current knowledge of the morphological change at Tenby South Sands, namely: 

· [bookmark: _Hlk35755213]Utilising additional more recent data and build upon Thomas et al.’s medium and short-term work on morphological change and proposed possible management outcomes.
· Utilise “Morphostat” statistical approach to maximise scale proﬁle length and identify or otherwise areas of concern based upon tidal ladder configuration at medium timescales.
· Utilise “Morphostat” statistical approach to maximise proﬁle length and identify or otherwise areas of concern based upon tidal ladder configuration at short timescales.





[bookmark: _Toc39240575]4.2 Beach profiling programme

Beach profile surveys have long provided a source of information on beach morphology (Short and Trembanis, 2004; Sorensen, 2006). They provide accurate information used to characterise beach height, width and volume fluctuation, and are essential in order to observe beach response to changing wave/tide conditions (Ruggiero et al., 2003; Short and Trembanis, 2004). A standard method of monitoring that provides consistent data, and is reduced to a datum, is important (Reeve et al., 2004). Two separate programmes have been designed to characterise beach profile variations along visually active profiles, as opposed to the total active profile. The first was surveyed annually between 1997 and 2013, with the second at monthly intervals between November 2008 and April 2010.  
[bookmark: _Toc39240576]4.3 Medium Scale profile analysis
Between 1997 and 2013, the Shoreline Management Partnership through Carmarthenshire County Council provided annual and some at 6 monthly survey data. These data extend along the visually active beach profile and South Sands morphological variation was characterised by three cross shore profiles (≈ 250 m). Spaced 580 m apart, the profiles represented the south (T09), central (T10) and northern sectors (T11; Figure 4.1; see also Thomas et al., 2015). The data used in this work was supplied and checked for anomalies with thanks by Thomas et al. (2015). They also truncated each profile to a standard length based upon the shortest profile. It is important to note that this work makes no attempt to reduce the length of each profile and the intention is to maximise profile length to enable a better understanding of the temporal variability of each profile. Early data were gathered using a total station technology set up over the control marker located at the shoreward origin of the profile, but a GPS base station set up using the resection method that utilises several markers to establish its position and a GPS rover to guide the surveyor along the pre-defined bearing in order to record points at regular intervals and at any changes in surface type, was used for more recent data collection (from around 2006). In all 66 beach profiles are presented for analysis.
[image: ]
[bookmark: _Toc37921784]Figure 4. 1:Profile locations for short (white line) and medium (red line) timescale analyses.












[bookmark: _Toc39240577]4.4 Short term profile analysis

A programme of beach profiling was established in the study area. In order to produce monthly beach profile characteristics, 25 surveys conducted between October 2008 and November 2010, by Dr Tony Thomas and these data have been made available for analysis.  Surveys of morphological variations of shore normal profiles. Each profile extended from the dune system or rock outcrop (close out), to the low water mark on the day of the survey (≈ 300 m). A single manned surveying technique was utilised to accurately map 13 transects (TR01-TR13, Figure 4.1; see also Thomas et al., 2015), spaced 150m apart and represent short- term cross-shore profile variability. In order to align with the medium scale analysis these profile data were subsequently considered in representative beach sectors, once again referred to as south (TR01-TR05), central (TR05-TR09) and north (TR09-TR13). 
In addition, an updated survey was carried out along all profiles during the winter of 2019, a single manned surveying technique was also used. Here, horizontal and vertical control was achieved using GNSS with data derived directly from the OS Net. Equipment comprised a Geomax Zenith 25 receiver, capable of acquiring data horizontally at ±10 mm 1 ppm (rms) and vertically at 20 mm ±1 ppm (rms), and a Panasonic touchpad tablet containing X-Pad surveying software was used to acquire data. The Zenith receiver, housing a SIM card and employing Q-lock satellite tracking technology was mounted on top of a 2 m pole, for further methodologic and practical details see Thomas et al. (2015 and 2018), respectively.
[bookmark: _Toc39240578]4.5 Evaluation of topographic data

The Regional Morphology Analysis Programme (RMAP) will be utilised to evaluate medium-term and short-term profile change and determine beach level variation (see Morang et al., 2009). The disparate data will be transformed to reflect a standard spacing and downloaded in a csv or txt format. These data will be input into the Morphostat programme, a semi-automated set of tools designed to identify changes inside and outside-recorded historic variation and to maximise baseline data use. Essentially, the beach profile envelope is utilised to develop a statistical approach using the following steps (Reproduced from Thomas et al., 2015):
1. Individual profile data was interpolated at 5m or 10m intervals within the RMP software and downloaded in an excel format. Once checked and adjusted, these data were input directly into the “Morphostat” programme. 
2. Within Morphostat, Average, maximum, minimum and standard deviation (SD) are calculated for each transect. 
3. Morphostat also determines the confidence intervals, 95%ile (+/- 1.96 SD) and 99%ile (+/- 2.33 SD) on either side of average.
4. Identified Confidence Intervals are colour coded (Green, Amber, Red) within Morphostat for ease of reference, as shown in Table 4.1.

[bookmark: _Toc37937239]Table 4. 1: Zones for beach change confidence intervals, reproduced from Thomas et al. (2018).
	Profile Number
	Green
	Amber
	Red

	
	<95%ile
	>95%ile but
< 99%ile
	>99%ile



5. Data related to tidal contours input, to provide an overview of change along each profile within the different zones and these zones were tabulated in Table 2.1 and graphically illustrated here, in Figure 4.2. 
[image: ]
[bookmark: _Toc37921785]Figure 4. 2: A definition sketch showing the morphological zones from which comparative beach levels used for characterising profile change within the Morphostat programme were computed.


6. Within each tidal contour the programme calculates the percentage beach levels within each confidence interval.  
7. Each tidal contour zone is allocated a Green, Amber or Red, with the Green being applied to any tidal ladder zone based on the 'profile stability' for the transect (see point 8 below).  Where Green status was not achieved, a Red or Amber (increasing or decreasing) is applied depending on whichever had the greatest number of recordings. If the percentage of Reds and Amber are equal, Red status is allocated. However, the researcher may change this status depending on other circumstances.
8. To assess the profile as a whole and to take into consideration each transects natural variability, the 'profile stability' or 'green percentage trigger' value is determined. This percentage is based on a comparison of the last set of survey data (2013 medium timescale and November 2010 short timescale) against the confidence intervals for each profile developed from each of the overall data sets (1998- 2012 and Nov 2008-Oct 2010). As such, the 'green percentage trigger' is the actual percentage of levels in the 2013 and Oct 2010 data sets that were classified as green for that profile (see figure 4.3 for further clarification).

[image: ]
[bookmark: _Toc37921786]Figure 4. 3: Illustration detailing how the percentage of green values allocated to trigger exceedance was determined, a) initial analysis from which the value of 74.43% was calculated and b) trigger value revised for subsequent analysis.
[bookmark: _Toc39240579]4.6 Statistical Analysis

Many statistical methods, the so-called parametric methods, assume that the distribution of data within a given variable conforms to certain prerequisites. It is usually necessary to show that the distribution does not differ significantly from a normal distribution Finch (2006). According to Wheater and Cook (2000), variables measured on continuous scales are often normally distributed. As data in this research was measured on continuous scales, standard parametric tests were used to support the assumption that given data is normally distributed.
[bookmark: _Toc39240580][bookmark: _Toc300644030][bookmark: ChapterHeading] 4.6.1 Kolmogorov-Smirnov test

Data will be directly input to the WinSTAT® statistical analysis programme and Kolmogorov-Smirnov test performed to test normal distribution. The test calculates the maximum distance between the cumulative frequency curve of data and the best fit normal curve, and then determines the significance (p) of this distance. A low p-value (p<0.05) would indicate significant results and therefore it is concluded that the data is not normally distributed. With a high p-value (p>0.05) the difference between the two curves is not significant, suggesting data are normally distributed. 
[bookmark: _Toc39240581]4.6.2 Paired t tests
Profile data was collected at the interval level (set spacing) and each survey measured the same thing but under different circumstances, then dependent (or correlated) t tests are most appropriate (Fitch 2013).  In this test, a pair of variables is analysed, and for each case, the difference of the two variables is computed. These differences are assumed to have a normal distribution. Then, the mean and standard deviation of these differences over the entire sample are computed. The t-test determines to what extent the differences are significant and the equations used for the determination of these tests are given in Appendix D (Fitch 2013). 
[bookmark: _Toc39240582]4.6.3 Linear Regression 

Attempts to model relationships between a given dependent variable ( in this research = cumulative beach level change) to a single independent variable ( in this research = temporal period or survey numbers). R is the correlation coefficient and ahigh value indicates a good fitand R2 is the percentage of variance in the dependent variable which can be explained by the given equation. 






[bookmark: _Toc39240583]4.7 Summary

The literature review (Chapter 2) discussed embayed beach research at local, regional and international scales, and evaluated beach monitoring techniques and coastal zone management. The physical background (Chapter 3) contextualised this research in geological, morphological and human geographical frameworks, andthe research framework set out in this chapter was partially determined by the abundance of coastal location research with a need to review and update previous findings. There is also a need to categorise beach change as being within or outside defined temporal trends. Consequently, results of medium and short term temporal scale monitoring will be discussed and evaluated in Chapter 5.


[bookmark: _Toc39240584]Chapter 5 Results and Discussion

Beaches change continually over event timescales and in response to tidal, diurnal, seasonal, medium-term and short-term cycles (Thomas et al., 2011a). Often, shorelines adjust to a time-arranged profile that may be relatively constant over time (Woodroffe, 2002; Thomas 2012). A literature review (Chapter 2) identified that a beaches cross shore profile is important since this natural mechanism causes waves to break and dissipate their energy (Komar, 1998: Thomas et al., 2010). 
[bookmark: _Toc39240585]5.1 Medium Timescale data analysis

Results of medium-term changes based on the monitoring programme (Section 4.3) begins with a qualitative assessment of profile variation, and a quantitative assessment using statistical approaches described in Sections 4.5 and 4.6 respectively.  In line with previous research (e.g. Thomas et al., 2015, inter-alia), data represents southern (T09), central (T10) and northern (T11) beach sectors.

[bookmark: _Toc39240586]5.1.1 Qualitative assessment 

Assessment of variations in morphological formation used three shore normal profiles that characterised the active beach profile (dune system to low water, ≈250 m). From these data two-dimensional profile plots that detail individual survey results, cross shore profile envelopes based upon 95%ile and 99%ile confidence intervals (determined within “Morphostat”) and comparative plots detailing profiles used for statistical analysis. 
Between 1996 and 2013, the southern profile (T09) has varied significantly along its entire length. The Autumn 2019 survey revealed that in the intervening period from 2013 to 2019 the back shore had eroded beyond the control point location. Therefore, future surveys will have to establish a new control point set back behind the dune system (Figure 5.1a). All previous survey data needed to be transformed and adjusted to enable comparison using the procedure adopted by Thomas et al (2015).

The beach generally maintained its concave shape, indicative of two beach states: a dissipative/intermediate around and below MSL and intermediate/reflective above but varied significantly along its entire length (Figure 5.1a inset). Figure 5.1a shows T09 beach profile data successively offset by 0.5m, from this data, it can be seen that there has been a significant change in the upper profile when S2013 and A2019 profiles are compared the dune system has been reduced in level around the position of the control marker and this sediment appears to have been deposited on the beach below the mean high water mark and a bank has developed at the profile extremity. There appears to be a pattern near shore erosion, and a gradual migration of sediment offshore throughout the record.  Descriptive statistics (see Appendix A Sheet A), show that the maximum standard deviation occurred, at the shoreward boundary (0.81m and 0.96m respectively). Standard deviations also increase towards the seaward boundary of this profile with values ranging between 0.36m and 0.41m. The least standard deviation(s) were observed around MSL (0 m) where the minimum value of 0.17m existed. 
The photograph given in Figure 5.1b provides an indication of the southern beach morphology and Figure 5.1c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. This Figure shows that levels fell below the 99%ile at the land ward extremity and around MSL but remained close to the lower 95%ile values in between these boundaries. The profile also dipped below the 99%ile values at the seaward extremity of the profile.
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[bookmark: _Toc38032598]Figure 5. 1:a) T09 (south sector) profiles 1996-2019 inset and successively offset by 0.5m, b) photograph from Control Marker and c) Profile envelop with autumn 2019 profile (red dotted line).


Similar to profile 09 profile T10 maintained a concave shape but beach levels showed less variation throughout the period of assessment (Figure 5.2a inset). Figure 5.2a also shows T10 beach profile data successively offset by 0.5m, from this data, in contrast to T09, beach levels have either remained stable or increased when comparisons are made between profiles S2013 and A2019.  In the past a bar and trough morphology existed as is clearly visible toward the seaward extremity on profiles S96, A01 and S05 with the bar migrating shoreward/seaward or reducing in elevation between surveys.
[bookmark: _Hlk37834553]Descriptive statistics (see Appendix A Sheet B), show that the maximum standard deviation occurred, 20m seaward of the control marker (0.61m). Standard deviations decrease in the offshore direction to their minimum value 120m from the landward control marker and then a gradual increase to the end of the profile where the standard deviations reached a maximum of 0.22m.  The photograph given in Figure 5.2b provides an indication of the central beach morphology and Figure 5.2c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. This Figure shows that the beach profile remained within the boundaries of the 95%ile values along its entire length. Located near the lower boundary near control marker position, rising toward the upper boundary near the mean highwater mark, possibly benefitting from the reduction seen near the control marker. The profile dips back toward the lower boundary towards mean low water neap tide and rising to the upper boundary again before dipping toward the seaward extremity of the profile.
Similar to previous, profile T11 also maintained a concave shape. Beach levels showed a significant variation throughout the period of assessment (Figure 5.3a inset). Figure 5.3a shows T11 beach profile data successively offset by 0.5m, from this data, similarities between T10 and T11 can be seen, but T11 beach levels appeared to increase at a consistent rate between control marker and approximately MHW. This northern accretion, central profile stability and southern profile erosion, finds agreement with Thomas et al., (2011d) beach rotation work and illustrated in figure 2.1 of chapter 2.

[bookmark: _Hlk36643725] Descriptive statistics (see Appendix A Sheet C), show that the maximum standard deviation occurred at the same interval as T10 (20m) with a figure of 1.14m. Again, showing a similar trend to T10 the standard deviation decreases in the offshore direction to their minimum value at chainage 90m (0.18m SD) from the landward control marker then showing a gradual increase to the end of the profile where the standard deviations increase back up to 0.29m. The photograph given in Figure 5.3b provides an indication of the central beach morphology and Figure 5.3c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. As seen in the Figure, the beach profile stayed within boundaries of the 95%ile but then dropped below the 99%ile at around 85m from the control marker. The profile remained under the 99%ile to the seaward extremity. 
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[bookmark: _Toc38032599]Figure 5. 2: a) T10 profiles (central sector) 1996-2019 inset and successively offset by 0.5m, b) photograph taken from the control point c) confidence intervals (solid lines) and Autumn 2019 profile (red dotted line).

	a)[image: ]
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[bookmark: _Toc38032600]Figure 5. 3: a) T11 profiles 1996-2019 inset and successively offset by 0.5m, b) photograph taken from the control point c) confidence intervals (solid lines) and Autumn 2019 profile (red dotted line).
[bookmark: _Toc39240587]5.1.2 Quantitative assessment
[bookmark: _Hlk37532373]This research utilises a Shoreline Management Partnership (SMP) dataset consisting of 22 surveys representing 17 years of data (1996–2013), as well as an Autumn 2019 survey undertaken to provide a more recent assessment of change. Data are quantitatively assessed, using “t tests” using comparisons between surveys 1(Apr-96) and 22 (Apr-13), i.e. the “start and end” of both original SMP dataset and more recent data. However, for “t tests” to be used to compare differences, datasets were truncated to correspond to Autumn 2019. 
5.1.2.1 Normal Distribution
Therefore, prior to conducting analysis, the assumption of normally distributed data was examined by conducting Kolmogorov-Smirnov tests. The results of tests carried out using Winstat statistical programme show that P values for each profile were > 0.05, ranging between 0.21 and 0.86 and therefore, we conclude that the data is normally distributed and suitable for parametric tests While indicative, the D value given here is the maximum distance measured between the curve of the actual distribution and the best-fit normal distribution (Table 5.1).
[bookmark: _Toc37937099][bookmark: _Toc38462609]Table 5. 1: Kolmogorov-Smirnov test results.
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5.1.2.2 Student t tests

Table 5.1 results showed that all data conformed to the requirements of a normal distribution and t tests would be most appropriate and the results are given in Table 5.2. In this Table the calculated t statistic (tcalc) is compared with the tabulated t-values (ttab), according to the degrees of freedom (df) in a test for significance. 
In Profile T09, tcalc > ttab in all three cases the null hypothesis was rejected and there was a significant difference in beach level between first and last surveys at the 99% confidence level and the negative sign for tcalc indicated that beach levels had fallen between surveys. 
In Profile T10, tcalc > ttab in all three cases the null hypothesis was rejected and there was a significant difference in beach level between first and last surveys at the 99% confidence level. However, the negative values indicative of falling beach levels observed in the assessment for periods 1996-2013 and 1996-2019, was permeated by a positive value indicative of a period of increasing beach level between 2013 and 2019. 
In Profile T11, tcalc > ttab in the 2013-2019 assessment the null hypothesis was rejected and there was a significant difference in beach level between first and last surveys at the 99% confidence level and the negative value was indicative of a fall in beach level. Conversely, tcalc < ttab in the 1996-2013 (p = 0.778) and 1996-2019 (p = 0.414) assessment the null hypothesis was accepted and there was no significant difference in beach level between first and last surveys. However, the negative values indicative of falling beach levels were observed between 1996-2013 and 2013-2019 surveys. A positive value between 1996 and 2013 was indicative of increasing beach level. 
The mean difference between survey assessments is of most interest as this between 1996 and 2019 beach levels fell in each sector, most notably in the southern sector where more than a meter was lost.
[bookmark: _Toc37937100][bookmark: _Toc38462610]Table 5. 2: Results of paired t tests.
[image: ]
5.1.2.3 Regression analysis

Regression models constructed using table 5.3 cumulative data showed that a statistically high negative correlation and a marked relationship existed when T09 profile was analysed (Figure 5.4a). The regression model demonstrated that between 1996 and 2019, a linear trend given by the equation y = -0.0381x+ 0.0972 explained well over half of the overall inter-survey beach level change (R2 = 69%)  and suggested that the beach level loss highlighted by Thomas et al, (2015) continued on the southern side of the beach (T09). 
A negative relationship also existed in the regression model constructed around profile T10 data (Figure 5.4b)  this was given by the equation y = -0.00101x – 0.0458 and coefficient of determination (R2) that explained around half the data variation( R2 = 44%). Results show that the linear trend of beach level loss was associated with the centrally placed profile and once again this correlates with Thomas et al’s (2015) work but with less significance and suggesting a decrease in the sediment loss between their 2013 data set and the present study.
a negligible negative correlation existed at profile T11 with the regression model explaining virtually none of the data variation (R2 =1%). The regression line gradient indicated a decreasing beach level trend (Figure 5.4c).  Table 5.3 showed a general lowering beach levels occurred between Spring 1996 and Spring 2005, followed by increase until Autumn 2019. Therefore, the analysis was repeated, but this time truncated to align with these temporal periods. A high negative correlation existed, indicating beach level loss between Spring 1996 and Spring 2005, given by the regression equation y = 0.0123x + 0.0679 and an R 2 value that explained 37% the variation in beach level through time. In contrast, between Spring 2005 and Autumn 2019 a positive correlation was indicative of rising beach levels given by the regression equation y = 0.0288x – 0.5436 and R2 that explained 32% of the variation in beach level through time. 
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                                                 c)


[bookmark: _Toc38032601][bookmark: _Hlk37526540]Figure 5. 4: Regression analysis results for Inter-survey cumulative average beach level change, a) T09, b) T10 and c) T11.







[bookmark: _Toc39240588]5.1.3 Morphostat Assessment

Intertidal and overall profile change is assessed here, using appropriate quantiﬁable trigger levels established from the historic survey dataset and these assessments are given for each profile in Appendix C. From this, any change to proﬁle levels that exceed those identiﬁed through analysis of 1996–2013 data (i.e. the historic baseline) are considered to have fallen outside normal natural variation for that proﬁle. Results are reported by means of a traﬃc light system of red, amber and green, changes will act as a trigger for further action and the associated action required will be is set out at the end of this chapter.
5.1.3.1 Transect T 09

[bookmark: _Hlk37527984]Table 5.3 shows the results from the Morphostat assessment described in Chapter 4 (section 4.5). Appendix C contains morphostat assessments used to establish the green percentage exceedance value of 71.43%. In this Table, the tidal ladder zone MHW to MHWN 100% of the levels remained within green status. For the upper tidal ladder zones (Origin to MHW), there was a resultant higher percentage in the ‘Red decrease’ section (ranged between 66.67% and 100%) and so these zones were allocated a status of ‘Red decrease’. Similarly, in the zones MHWN – MSL and MSL - MLWN several Amber and Red decreasing values were recorded (alongside some values that remained within the green exceedance limits, but the percentage was lower than the given exceedance level of 71.43%). A greater percentage of values exceeded the red threshold than the Amber as such, a Red decreasing status was allocated to these zones. Between MLWM and MLW, equal amber and red values were recorded, and an amber decreasing status was allocated to this zone (by the researcher).
 Only 28% of values remained Green which was well below the allocated exceedance value of 71.43%. Twenty percent were allocated Amber decrease status but most beach levels fell into Red decrease status (52%) and as such, the overall profile was allocated a Red decreasing status.  
On further examination of the shape of the historic beach proﬁle change (Figure 5.1a) and the conﬁdence intervals (Figure 5.1c) it is evident that 2019 beach levels have fallen significantly between 2013 and 2019 particularly, at the dune/ beach interface. The results find agreement with the research conducted by Thomas et al., (2011 and 2015 respectively). In their research the southern beach levels fell significantly in the first decade of the 21st century and this trend has continued into the 2nd decade.
5.1.3.2 Transect T10

[bookmark: _Hlk37596878]Table 5.4 shows the results from the Morphostat assessment and Appendix C contains morphostat assessments used to establish the green percentage exceedance value of 93.33%.  In this Table, it can be seen that 100% of beach levels remained within green exceedance level. Consequently the 'overall proﬁle was allocated Green status. On further examination of the shape of the historic beach proﬁle change (Figure 5.2a) and the conﬁdence intervals (Figure 5.2c) it is evident that 2019 beach levels were close to the upper exceedance limit between  the control marker and  mean high water, was close to the average levels near MSL and fell towards the minimum exceedance levels below. Rising again towards the upper exceedance limit at the profile’s seaward extremity.  These results also found agreement Thomas et al’s. (2011) subaerial rotational work but not with their separated subaerial and intertidal work (e.g. Thomas et al., 2015) they suggested that the profile was located near the pivot point from which the beach rotated.



[bookmark: _Toc37937101][bookmark: _Toc38462611]Table 5. 3: Autumn 2019 colour coded results taken from Morphostat for T09.
[image: ]

[bookmark: _Toc37937102][bookmark: _Toc38462612]Table 5. 4:Autumn 2019 colour coded results taken from Morphostat for T10.
[image: ]

5.1.3.3 Transect T11

Table 5.5 shows the results from the Morphostat assessment and Appendix C contains morphostat assessments used to establish the green percentage exceedance value of 85.19%.  The tidal ladders between HAT and MHW, exceeded the allocated exceedance limit and was allocated a Green status. In the zones between MHW and MLW, there was a resultant percentage in the ‘Red decrease’ section and so these zones were allocated a status of ‘Red Decrease’. Overall, the percentage of levels that remained within the green exceedance limit was just 26.92%, with the remaining values being, amber 3.85% and red 69.23%. Consequently, the proﬁle was allocated a status of Red decrease. 
On further examination of the shape of the historic beach proﬁle change (Figure 5.2a) and the conﬁdence intervals (Figure 5.2c) it is evident that 2019 beach levels remained close to and above the upper exceedance limits near the control point marker and gradually dipped below the lower exceedance limits around MHWN to the extremity of the profile. 
[bookmark: _Toc37937103][bookmark: _Toc38462613]Table 5. 5: Autumn 2019 colour coded results taken from Morphostat for T11.
[image: ]

[bookmark: _Toc39240589]5.2 Short Timescale data analysis

Similar to the previous section 5.1, this section begins with a qualitative assessment of profile variation, followed by a quantitative assessment.  Each beach sector is represented by averaging the beach levels of the profile contained within each sector. Namely, southern sector (TR01-TR05), central sector (TR05-TR09) and northern sector (TR09-TR13).

[bookmark: _Toc39240590]5.2.1 Qualitative analysis

Figure 5.5a shows the South sector beach profile data successively offset by 0.5m, the Autumn 2019 survey showed that since 2010, back shore/dune system had eroded beyond the control point locations and new markers will have to be established for future surveys.
The shape of southern beach profile is a relatively consistent concave shape, until the seaward extremity where levels show significant variation consistent with sand bank migration. The beach profile data collected in Dec 2019 highlight significant shoreward migration of this sand bank (Figure 5.5a Inset). Descriptive statistics (see Appendix B, Sheet A), show that the maximum and minimum standard deviation ranged between 0.498m and 0.019. 
The photograph given in Figure 5.5b provides an indication of the southern beach morphology and Figure 5.5c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. This Figure shows that levels fell below the 99%ile at the land ward extremity and around MSL but remained close to the lower 95%ile values in between these boundaries. The profile also increased above the 99%ile values at the seaward extremity of the profile.
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[bookmark: _Toc38032602]Figure 5. 5: a) South sector profiles 2008-2019 inset and successively offset by 0.5m, b) photograph taken from the South sector c) confidence intervals (solid lines) and Autumn 2019 profile (red dotted line).
Central sector beach levels showed less variation throughout the assessment period (Figure 5.6a inset). The beach profile also showed back shore/dune erosion in 2019, also, beach levels have either remained stable or increased when comparisons are made between profiles 2008-2010 and A2019. Descriptive statistics (see Appendix B, Sheet B), show that the maximum standard deviation occurred, the profile origin (0.4929m). Standard deviations varied in the offshore direction, decreasing to a minimum value of 0.038m close to the profile extremity. 
The photograph given in Figure 5.6b provides an indication of the central beach morphology, and Figure 5.6c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. This figure shows that 2019 beach levels fell below the 99%ile value at the control point and remained below for around 220m seaward of the control marker, then rises above the 95%ile values, before falling between the upper and lower 95%ile values at extremity of the profile.  
Similar to previous, the North sector also maintained a concave shape The North sector beach profile data successively offset by 0.5m, from this data (Figure 5.7a).  Beach levels appeared to increase at a consistent rate between control marker and approximately MHW. The maximum standard deviation (0.348) occurred 280m seaward of the control marker, the minimum value of 0.038 was located towards the profile extremity. The subaerial accretion, central profile stability and southern erosion highlights beach rotation and concurs with th Thomas et al. (2011b) beach rotation work and illustrated in figure 2.1 of chapter 2. 
The photograph given in Figure 5.7b provides an indication of the northern beach morphology and Figure 5.7c shows the 95%ile and 99%ile values above and below the average beach level alongside the A2019 profile. As seen in the Figure, the beach profile stayed within boundaries of the 95%ile but then dropped below the 99%ile at around 75m from the control marker. The profile entered the boundary at 200m then exited above the 99%ile and almost immediately dropped back between the boundaries at the seaward extremity.
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[bookmark: _Toc38032603]Figure 5. 6: a) Central sector profiles 2008-2019 inset and successively offset by 0.5m, b) photograph taken from the Central sector c) confidence intervals (solid lines) and Autumn 2019 profile (red dotted line).
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[bookmark: _Toc38032604]Figure 5. 7: a) North sector profiles 2008-2019 inset and successively offset by 0.5m, b) photograph take from the North sector c) confidence intervals (solid lines) and Autumn 2019 profile (red dotted line).

[bookmark: _Toc39240591]5.2.2 Quantitative assessment
Profile data collected at monthly intervals between November 2008 and November 2010 and a more recent survey conducted in December 2019, These data are quantitatively assessed, using “t tests” by comparisons between surveys 1(Nov-2008) and 24 (Nov-2010), i.e. the “start and end” of original dataset and more recent data. However, for “t tests” to be used to compare differences dataset was truncated to correspond to the Autumn 2019 dataset. 

[bookmark: _Hlk37527890]5.2.2.1 Normal Distribution
Similar to section 5.1.2.1, Prior to conducting the analysis, the assumption of normally distributed data was examined by conducting Kolmogorov-Smirnov tests, The results of tests carried out using Winstat statistical programme show that P values for each profile were > 0.05, ranging between 0.26 and 0.74 and therefore, we conclude that the data is normally distributed and suitable for parametric tests. While indicative, the D value given here is the maximum distance measured between the curve of the actual distribution and the best-fit normal distribution (Table 5.7).
[bookmark: _Toc37937104][bookmark: _Toc38462614]Table 5. 6: Kolmogorov-Smirnov test results.
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5.2.2.2 Student t tests

Table 5.7 results showed that all data conformed to the requirements of a normal distribution and t tests would be most appropriate and the results are given in Table 5.8. In this table, the calculated t statistic (tcalc) is compared with the tabulated t-values (ttab), according to the degrees of freedom (df) in a test for significance. 
In the southern sector, tcalc < ttab in all three cases the null hypothesis was accepted and there was no significant difference in beach level between first and last surveys at the 99% confidence level but negative signs for tcalc indicate falling beach levels. 
In the central sector, tcalc > ttab in all three cases the null hypothesis was rejected and there was a significant difference in beach level between first and last surveys at the 99% confidence level and negative values are indicative of falling beach levels.
In the northern sector, tcalc < ttab in all three cases the null hypothesis was accepted and there was no significant difference in beach level between first and last surveys at the 99% confidence level A positive sign for tcalc between Nov 2008 and Nov 2010 was indicative of increasing beach level and negative signs indicate falling beach levels in the remining assessments. 
Once again it is the mean difference between survey assessments that is of most interest, as this highlights that between Nov 2008 and Dec 2019 beach levels fell in each sector, most notably in the southern sector where level fell by almost half a metre.
[bookmark: _Toc37937105][bookmark: _Toc38462615]Table 5. 7: Results of Paired t tests.
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5.2.2.3 Regression analysis

Regression models constructed using table 5.9 cumulative data showed that a negligible negative correlation and almost non-existent relationship existed when the southern sector profile was analysed (Figure 5.4a). The regression model demonstrated that between Nov 2008 and Dec 2019, a linear trend given by the equation y = -0.0.0017x- 0.0008 explained just 3% of overall inter-survey beach level change. 
A negative relationship also existed in the regression model constructed around the centrally placed profile data (Figure 5.4b)  this was given by the equation y = -0.0045x + 0.0128 and coefficient of determination (R2) that explained around a third of the data variation( R2 = 30%). a negligible negative correlation existed in the north sector with the regression model explaining virtually none of the data variation (R2 =<1%). However, the regression line gradient indicated a decreasing beach level trend (Figure 5.4c).  
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[bookmark: _Toc38032605]Figure 5. 8: Regression analysis results for Inter-survey cumulative average beach level change, a) south, b) central and c) north sectors.
[bookmark: _Toc39240592]5.2.3 Morphostat Assessment

5.2.3.1 Southern sector

Table 5.8 shows the results from the Morphostat assessment described in Chapter 4 (section 4.5). Green percentage exceedance allocation for this sector was 87.67% (Appendix C). In this table, the tidal ladder zone Origin – HAT showed no measures due to the sand dune eroding back beyond the control point and dropping below the 5m ordinance datum level. Tidal ladder zones HAT-MLW were all allocated a status of ‘Red decrease’ with percentage exceedance ranging between 41.18% and 100%. Overall, only 22.22% of beach level remained where allocated a Green status, well below the allocated value of 87.67%. Almost 2%% were allocated Amber decrease status, whereas almost 70% was allocated to the status of ‘Red Decrease’. On further examination of the shape of the historic beach proﬁle change (Figure 5.5a) and the conﬁdence intervals (Figure 5.5c) the decrease in beach level is evident between 2008-10 and 2019, most notable at dune/ beach interface. The results find agreement with both Thomas et al., (2012) and the results given in section5.1.3.1.
[bookmark: _Toc37937106][bookmark: _Toc38462616]Table 5. 8: Dec 2019 colour coded results taken from Morphostat for the southern (TR01-TR05) sector
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[bookmark: _Hlk37532212]5.2.3.2 Central sector
Table 5.9 shows the results from the Morphostat assessment and Appendix C contains morphostat assessments used to establish the green percentage exceedance value of 93.10%.  As shown in the table, majority of the beach levels have a ‘Red Decrease’ status, from Origin-MLWN ranging between 75% and 100%, resulting in a status of ‘Red Decrease’ for the central sector profiles. Tidal ladder MLWN-MLW was awarded a status of red increase, despite the highest percentage of 37.5% in green, it did not reach the allocated exceedance value of 93.10%. A status of green was given to the MLW-MLWS tidal ladder where 100% of the levels were maintained. On further examination of the shape of the historic beach proﬁle change (Figure 5.6a) and the conﬁdence intervals (Figure 5.6c) similar to the southern sector, the decrease in beach level is evident between 2008-10 and 2019, most notable at the dune/ beach interface. The status of red increase shown at MLWN-MLW, can be seen in Figure 5.6c where the 2019 profile rises above the 99% and 95%ile, and then drops within the boundary showing a status of green at MLW-MLWS. These results differ somewhat from Thomas et al’s., (2011b and 2012) beach rotation work but can be explained. They used beach volumes (m3m-1) which enabled them to remove the cross-shore sediment component.   


[bookmark: _Toc37937107][bookmark: _Toc38462617]Table 5. 9: Dec 2019 colour coded results taken from Morphostat for the central (TR05-TR09) sector.
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5.2.3.3 North sector

Table 5.10 shows the results from the Morphostat assessment and Appendix C contains morphostat assessments used to establish the green percentage exceedance value of 98.25%.  The first tidal ladder zone in this Figure (Origin-HAT), showed a red status of increase (50%), which may suggest that longshore drift southern toward north. In tidal ladder zones HAT-MHW and MLW-MLLWS, the percentage that remained within green status was 100% ,above the exceedance limit of 98.25%. In the tidal zones between MHW and MLWN, have a status of ‘Red Decrease’ with percentages varying between 40%-100%. The tidal ladder MLWN-MLW, shows a percentage of 58.82% in the ‘Red Increase’, and was also allocated this status. Overall, the percentage of levels that remained within the green exceedance limit was just 29.82%, with the remaining values being, amber 7.02% and red 63.16%. Consequently, the proﬁle was allocated a status of Red decrease. On further examination of the shape of the historic beach proﬁle change (Figure 5.7a) and the conﬁdence intervals (Figure 5.7c) it is evident that 2019 beach levels were within the exceedance limits near the control point marker and then dropped below the limits at MHW, but then re-entered the boundary around the extremity of the profile.
[bookmark: _Toc37937108][bookmark: _Toc38462618]Table 5. 10: Dec 2019 colour coded results taken from Morphostat for the northern (TR09-TR13) sector.
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In a final step Morphostat assessments were conducted on all short term profiles (Tables shown in Appendix E) and the results are given in Table 5.11. The table shows that 11 of the assessed profile were allocated a red decrease status, with just one being allocated green (TR08) and two allcated red increase (TR12 and TR 13 respectively). 
[bookmark: _Toc38462619]Table 5. 11: Morphostat results for all short term profiles
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[bookmark: _Toc39240593]5.3 Summary
In the medium-term evaluation of 23 years of beach profile data there was overall trend of beach level loss in each of the assessed areas. This loss was more pronounced more within south sector, where 2019 data showed that the dune frontage has been significantly affected. Centrally, beach levels were more stable with the 2019 levels largely remaining within the 1996-2013 profile envelope. However, the northern profile changes are of most interest, beach levels within the upper intertidal increased, as sediments built against the northern headland. In contrast, intertidal beach levels fell increasingly towards the profile extremity as headland influence diminished. Quantitatively, dependent t tests confirmed that beach levels had changed significantly since surveys began in 1996. Knowledge of temporal changes enabled three regression models to be developed and these can be used to predict morphological change by beach sector. 
[bookmark: _Hlk38175530]Morphostat allocated colour codes to each of the profiles and results assessed against the trigger level framework shown in Table 5.11. Centrally, changes remained within the boundaries of historic change (i.e. green status) and no further action would be required. However, southern and northern sector were allocated “Red Decrease” status. In this case the profile response is at a magnitude outside baseline variation and would trigger further action.

[bookmark: _Toc38462620]Table 5. 12: Trigger Level Framework, produced for a dune backed embayed beach, based upon Thomas et al. (2018).
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Evaluation of 24 monthly profile surveys collected between 2008 and 2010 and a more recent survey conducted in 2019 also showed a trend of beach level loss. The evaluation showed no cyclic or seasonal behavioural patterns throughout the assessment period. Paired t tests subsequently applied to the first and last surveys showed with 95% confidence, no discernible beach level change in all three averaged sectors. Regression provided confirmation but low correlation meant models are not suitable for predicting future changes. Morphostat allocated a “Red Decrease” status to each of the three sectors. The profile response is at a magnitude outside baseline variation and would trigger further action. This highlighted that based upon short term data beach levels had continued to fall and that further action should be taken. When individual profiles were assessed all, but one would require further action to be taken and that all but one profile was allocated red status when all thirteen profiles were assessed. 



















[bookmark: _Toc39240594]Chapter 7 Conclusions 

Many of the world’s coastlines are eroding, influenced by global warming, and dune backed embayed beaches can be most at risk. Tenby South Sands, Pembrokeshire is one such case. By utilising a series of medium-term and short-term beach profiles, beach level change was assessed. In the medium term between 1996 and 2019 beach levels have mostly fallen and this was confirmed by t tests and regression analyses. Morphostat assessment conducted on 2019 data using the 1996-2013 historic data envelope, suggested that southern erosion continued, centrally the beach remained stable and northern beach varied between accretion on the landward and erosion of the seaward side of the profile but was allocated a red decrease status. Unsurprisingly, short-term results using 2008-2010 monthly data and the 2019 survey results, showed variable profile change confirmed by t tests and regression models. These suggested that little change had occurred or there was almost negligible correlation. However, beach profiles averaged to represent each beach sector did show that, with the exception of the northern upper tidal area, that beach levels fell outside the 2008-2010 envelope and when individual profiles were assessed all but one fell into the red status overall.  
Strategically, beach management, based upon medium term results would trigger further research investigation including assessments of external influences, as well as additional data collection over shorter timescales. In this respect, short-term data highlighted the need for further investigation and: 
· possible stabilisation works to the southern dune system and upper foreshore;
· recycling of large pebble and gravel accumulations for aesthetic reasons on the northern shores; 
· [bookmark: _GoBack]deposition in proposed stabilisation.
Research showed the efficacy of the Morphostat programme for strategic assessment of beach health, but it can also be used at a project level either to assess beach change and inform design or monitor during and after construction.    
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1.  Survey data and descriptive statistics Profile T09 
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2. [bookmark: _Hlk36894861]Survey data and descriptive statistics Profile T10 
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3. Survey data and descriptive statistics Profile T11
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1. [image: ]Survey data and descriptive statistics AVERAGE TR01-TR05  
2. [image: ]Survey data and descriptive statistics AVERAGE TR05-TR09
3. Survey data and descriptive statistics AVERAGE TR09-TR13  [image: ]
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Colour-coded results for the relevant tidal contour zones of each of the assessed transects, i.e. initial assessment and the percentage that remained Green was then used for subsequent analysis.  
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[bookmark: _Toc39240604]Dependent t tests
The t statistic for paired t tests was determined from:
	
	d¯=
	∑d
	.................................................(equation 4.1)

	
	
	n
	


Where d is the difference between each pair of data points. 

The standard error of the mean difference (SEd) was then found by:
	
	SEd = √
	∑d2-
	(∑d)2
	.............(equation 4.2)

	
	
	
	n
	

	
	
	n(n-1)
	


The t statistic was determined from:
	
	tcalc =
	d¯
	...............................................(equation 4.3)

	
	
	SEd
	


Finally, the calculated t statistic (tcalc) for both independent and paired t tests was compared with tabulated t values (ttab) according to the degrees of freedom (df) in a test for significance. If tcalc < ttab the null hypothesis was accepted and there was no significant difference but if tcalc > ttab the null hypothesis was rejected and there was a significant difference.


[bookmark: _Toc39240605]Linear Regression models

y = (c + mx) + ε)

where y is the independent variable; c is a constant; m1, m2 and mn regression coefficients; and x1, x2, and xn are dependant variables; and ε is the error beteween model and actual results  (Field, 2005: 157). Variables c and m are calculated from the following:

	m =
	∑xy
	-∑x∑y
	

	
	
	n
	

	
	∑x2
	-(∑x)2
	

	
	
	n
	



	c =
	y
	-m
	x
	

	
	n
	
	n
	




Proportional dataset variability is explained by the statistical model determined from the coefficient of determination, which is simply the square of the sample Pearson correlation moment coefficients. Pearson’s product moment correlation coefficient (r) is determined from: 

	Correlation Coeficient (rcalc) =
	n∑xy - ∑x∑y
	

	
	√(n∑x2 – (∑x)2)( n∑y2 – (∑y)2)
	





The significance of the regression line is given by the following formulae:.

	SStotal =
	∑y2
	– (∑y)2
	

	
	
	n
	




	SSregression =
	∑xy 
	-(∑x∑y)2
	

	
	
	n
	

	
	∑x2 
	-(∑x)2
	

	
	
	n
	




SSresidual =      SStotal – SS regression

Finally, the calculated F values are compared with a table of critical values according to degrees of freedom (df). If Fcalc < Ftab, the null  hypothesis is accepted and it is concluded that an insignifcent amount of variation in y is accounted for by the variation in x. However, if Fcalc > Ftab, the null  hypothesis was rejected and it is concluded that a highly significant amount of the variation in y is accounted for by the variation in x.





 Inter-survey cumulative beach level changes Profiles T09, T10 and T11
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 Inter-survey cumulative beach level changes for south, central and north sectors.
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  Kolmogorov - Smirnov  

 N  D  P  

T09 -   S96  25  0.168416783  0.477423401  

T09 -   S13   25  0.121083597  0.857028375  
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T11 - S96  26  0.178586166  0.378243019  

T11 - S13  26  0.197275614  0.263715971  

T11 - A19  26  0.174689989  0.405631591  
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From      To      N      Mean Difference  Std. Deviation  t  calc      Degrees of Freedom  P      t  tab  

95%  99%  

T09 -   S96  T09 -   A19  25  - 1.098  0.699  - 7.856  24  0.000  2.064  2.797  

T09 -   S96  T09 -   S13   25  - 0.680  0.457  - 7.429  24  0.000  2.064  2.797  

T09 -   S13   T09 -   A19  25  - 0.418  0.733  - 2.849  24  0.009  2.064  2.797  

          

T10 - S96  T10 - A19  29  - 0.101  0.136  - 4.000  28  0.000  2.048  2.763  

T10 - S96  T10 - S13  29  - 0.322  0.329  - 5.271  28  0.000  2.048  2.763  

T10 - S13  T10 - A19  29  0.221  0.317  3.758  28  0.001  2.048  2.763  

          

T11 - S96  T11 - A19  26  - 0.193  1.185  - 0.831  25  0.414  2.060  2.787  

T11 - S96  T11 - S13  26  0.057  1.026  0.285  25  0.778  2.060  2.787  

T11 - S13  T11 - A19  26  - 0.251  0.205  - 6.223  25  0.000  2.060  2.787  
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   Kolmogorov - Smirnov  

  N  D  P  

South  Nov - 08  63  0.126148164  0.268640771  

 Nov - 10  63  0.102671192  0.520057732  

 Dec - 19  63  0.121495726  0.310197587  

Central  Nov - 08  58  0.092052367  0.709486625  

 Nov - 10  58  0.089594204  0.740415305  

 Dec - 19  58  0.093000398  0.697427720  

North  Nov - 08  56  0.096258015  0.677181253  

 Nov - 10  56  0.095637770  0.684986466  

 Dec - 19  56  0.132672717  0.277763157  
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 From  To  N  Mean Difference  Std.  Deviation  T calc  Degrees of  Freedom  P  t  tab  

95%  99%  

South  Nov - 08  Nov - 10  63  0.049  0.255  - 1.532  62  0.131  2.000  2.660  

 Nov - 08  Dec - 19  63  0.139  0.462  - 2.384  62  0.020  2.000  2.660  

 Nov - 10  Dec - 19  63  0.089  0.551  - 1.291  62  0.201  2.000  2.660  

Central  Nov - 08  Nov - 10  58  0.089  0.154  - 4.370  57  0.000  2.000  2.660  

 Nov - 08  Dec - 19  58  0.259  0.400  - 4.944  57  0.000  2.000  2.660  

 Nov - 10  Dec - 19  58  0.170  0.358  - 3.632  57  0.000  2.000  2.660  

North  Nov - 08  Nov - 10  56  0.000  0.205  0.033  55  0.974  2.060  2.787  

 Nov - 08  Dec - 19  56  0.034  0.413  - 0.612  55  0.543  2.060  2.787  

   Nov - 10  Dec - 19  56  0.035  0.403  - 0.642  55  0.523  2.060  2.787  
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Profile TR01-TR05 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 
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0 -1.5

2 0 1 0 15 18

11.76% 0.00% 47.06% 0.00% 41.18% 100.00%

-1.5 -2.6

2 0 8 0 7 17

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

4 0 14 1 44 63

Profile T201 Autumn 2016

Overall profile Status:

6.35% 0.00% 22.22% 1.59% 69.84% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

No Levels were measured in this tidal ladder

To

HAT To MHWS

Status is Red Decrease

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

87.67%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR05-TR09 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

7.66 5

0 0 0 0 1 1

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

5 3.9

0 0 0 0 2 2

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 4 4

0.00% 0.00% 0.00% 25.00% 75.00% 100.00%

2.9 1.8

0 0 0 1 3 4

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 14 14

0.00% 0.00% 0.00% 6.67% 93.33% 100.00%

0 -1.5

0 0 0 1 14 15

31.25% 6.25% 37.50% 25.00% 0.00% 100.00%

-1.5 -2.6

5 1 6 4 0 16

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 2 0 0 2

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

5 1 8 6 38 58

Profile T201 Autumn 2016

Overall profile Status:

8.62% 1.72% 13.79% 10.34% 65.52% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Status is Red Decrease

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

93.10%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Increase

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR09-TR13 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

50.00% 0.00% 50.00% 0.00% 0.00% 100.00%

7.66 5

2 0 2 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 40.00% 20.00% 40.00% 100.00%

2.9 1.8

0 0 2 1 2 5

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 9 9

0.00% 0.00% 0.00% 23.08% 76.92% 100.00%

0 -1.5

0 0 0 3 10 13

58.82% 0.00% 23.53% 0.00% 17.65% 100.00%

-1.5 -2.6

10 0 4 0 3 17

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 2 0 0 2

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

12 0 17 4 24 57

Profile T201 Autumn 2016

Overall profile Status:

21.05% 0.00% 29.82% 7.02% 42.11% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Red Increase

To

HAT To MHWS

Status is Green

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

98.25%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Increase

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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From To TR01 TR02 TR03 TR04 TR05 TR06 TR07 TR08 TR09 TR10 TR11 TR12 TR13

Origin HAT

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑

HAT MHWS

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

MHWS MHW

↓ ↓ ↓ ↓ ↓ ↓ ↓

MHW MHWN

↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

MHWN MSL

↑ ↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

MSL MLWN

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

MLWN MLW

↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↑

MLW MLWS

↓

MLWS LAT

↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑

0 150 300 450 600 750 900 1050 1300 1450 1600 1750 1900

Overall

Distance from 

south (m)

Tidal Ladder Transect 
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1 2

Change within acceptable 

limit

Response is within defined 

envelope of baseline variation

no further action required.  Assess future monitoring programme. 

Temporary or isolated 

change

Response above or below 

baseline variation and may be of 

concern  

Could be of concern if trend 

continues, increase monitoring 

regime.i.e increase survey 

frequency, additional transects. 

Work with natural processes, promotion of 

ongoing dune restoration,  

 sediment entrapment  and dune growth. 

Excessive, persistent 

and/or reported change

Response is at a magnitude 

outside baseline variation

Further action will be required, 

increase monitoring regime.i.e 

increase survey frequency, 

additional transects.analyse 

supporting data. 

Undertake remedial works Stabilisation, 

Morphological modifcation

Category Definition

Action level
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Easting Northing Distance  S96 S97 S99 A99 S00 A00 S01 A01 S02  A02 S03 A03 S04 A04 S05 A06  S07 S08 S09 S10  S12  S13  A19 STDEV MIN MAX

212210.95 198869.14 0 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.71 9.68 9.68 9.68 9.68 5.80 0.814236 5.8 9.71

212220.40 198866 10 7.23 7.26 7.37 7.32 7.29 7.37 7.46 7.31 7.4 7.48 7.45 7.39 7.47 7.39 7.33 7.39 7.35 7.12 5.69 5.26 5.63 4.69 4.49 0.961142 4.486252 7.48

212230.00 198862.9 20 4.72 4.9 4.82 4.8 4.9 4.83 4.56 4.33 4.55 4.38 4.31 4.64 4.55 4.71 4.82 4.62 4.39 4.42 4.35 4.23 4.25 4.09 3.89 0.273325 3.88813 4.9

212239.80 198859.8 30 4.47 4.46 4.23 4.33 4.34 4.33 4.24 4.05 4.21 4.13 3.97 4.2 4.11 4.29 4.32 4.14 4.06 3.73 3.67 3.62 3.87 3.24 3.38 0.332167 3.24 4.47

212249.00 198856.6 40 4.03 4.47 3.94 4.02 4.02 3.98 3.98 3.77 3.87 3.87 3.79 3.78 3.67 3.87 3.81 3.7 3.74 2.88 3 3.06 3.22 2.84 2.93 0.444416 2.84 4.47

212258.40 198853.5 50 3.27 3.61 3.43 3.44 3.41 3.34 3.28 3.21 3.18 3.17 3.19 3.18 3.07 3.26 3.13 3 3.08 2.11 2.21 2.41 2.49 2.49 2.46 0.427922 2.11 3.61

212267.80 198850.4 60 2.67 2.75 2.86 2.87 2.71 2.75 2.52 2.81 2.43 2.51 2.57 2.57 2.61 2.65 2.49 2.38 2.22 1.75 1.58 1.58 1.72 2.21 2.00 0.408427 1.58 2.87

212277.40 198847.3 70 2.32 1.94 2.28 1.97 1.84 2.24 1.6 2.35 1.66 1.91 2.15 2.06 2.22 2.05 2.24 2.03 1.66 1.56 1.35 1.29 1.35 1.94 1.59 0.329397 1.29 2.35

212287.00 198844.2 80 2.02 1.76 1.71 1.58 1.56 1.91 1.38 1.79 1.54 1.58 1.72 1.66 1.85 1.78 2.02 1.7 1.39 1.2 1.21 1.15 1.15 1.67 1.26 0.267732 1.15 2.02

212296.40 198841 90 1.87 1.68 1.49 1.49 1.47 1.74 1.32 1.47 1.48 1.45 1.57 1.46 1.69 1.69 2.01 1.64 1.24 1.18 1.07 1.03 1.08 1.41 1.01 0.268371 1.008246 2.01

212305.90 198837.9 100 1.75 1.6 1.39 1.4 1.39 1.58 1.27 1.25 1.36 1.31 1.42 1.33 1.56 1.59 2.01 1.58 1.13 0.91 0.88 0.91 0.95 1.15 0.74 0.309716 0.738151 2.01

212315.40 198834.8 110 1.52 1.43 1.19 1.19 1.33 1.29 1.18 1.03 1.13 1.17 1.15 1.16 1.29 1.4 1.5 1.27 1 0.64 0.7 0.76 0.81 0.95 0.55 0.2724 0.547822 1.52

212324.90 198831.7 120 1.31 1.23 0.98 1.02 1.14 1 0.97 0.79 0.95 1.02 1 1 1.06 1.2 0.9 0.82 0.82 0.36 0.62 0.62 0.67 0.75 0.24 0.260997 0.244768 1.31

212334.40 198828.5 130 1.13 1.04 0.8 0.86 0.87 0.69 0.73 0.52 0.78 0.71 0.84 0.83 0.85 0.97 0.5 0.48 0.65 0.21 0.54 0.44 0.53 0.57 0.09 0.249956 0.085591 1.13

212343.90 198825.4 140 0.94 0.86 0.65 0.69 0.48 0.39 0.44 0.39 0.55 0.44 0.67 0.66 0.64 0.73 0.27 0.25 0.47 0.1 0.43 0.27 0.4 0.41 -0.08 0.235615 -0.07859 0.94

212353.40 198822.3 150 0.72 0.69 0.51 0.54 0.32 0.24 0.36 0.32 0.35 0.34 0.5 0.5 0.42 0.5 0.24 0.17 0.33 0.12 0.31 0.11 0.26 0.25 -0.22 0.2019 -0.21764 0.72

212362.90 198819.2 160 0.5 0.46 0.37 0.39 0.17 0.17 0.29 0.29 0.25 0.24 0.32 0.35 0.22 0.26 0.21 0.1 0.2 0.01 0.09 -0.02 0.09 0.06 -0.30 0.174852 -0.29924 0.5

212372.40 198816 170 0.35 0.27 0.21 0.19 0.11 0.12 0.25 0.24 0.15 0.15 0.14 0.19 0.1 0.1 0.15 0.03 0.09 -0.09 -0.19 -0.15 -0.09 -0.12 -0.40 0.175658 -0.3959 0.35

212381.90 198812.9 180 0.21 0.12 0.08 0.08 0.04 0.07 0.18 0.15 0.08 0.06 0 0.08 -0.01 0.03 0.09 -0.03 0.06 -0.32 -0.44 -0.36 -0.36 -0.32 -0.54 0.219434 -0.53529 0.21

212391.40 198809.8 190 0.06 0.01 -0.04 0.02 -0.02 0.02 0.09 0.01 0.01 -0.03 -0.09 -0.02 -0.09 -0.05 0.02 -0.09 0.08 -0.52 -0.68 -0.59 -0.65 -0.53 -0.71 0.279054 -0.70962 0.09

212400.90 198806.7 200 -0.08 -0.09 -0.08 -0.05 -0.11 -0.03 -0.08 -0.15 -0.13 -0.13 -0.18 -0.13 -0.18 -0.17 -0.06 -0.18 -0.12 -0.78 -0.83 -0.83 -0.81 -0.73 -0.88 0.3154 -0.87583 -0.03

212410.40 198803.6 210 -0.23 -0.18 -0.15 -0.14 -0.2 -0.08 -0.28 -0.3 -0.3 -0.27 -0.3 -0.28 -0.28 -0.37 -0.19 -0.27 -0.4 -0.93 -1.02 -1.1 -1.13 -0.97 -1.09 0.364471 -1.13 -0.08

212420.00 198800.4 220 -0.44 -0.43 -0.27 -0.33 -0.35 -0.28 -0.48 -0.43 -0.51 -0.48 -0.41 -0.42 -0.41 -0.57 -0.42 -0.49 -0.68 -1.11 -1.26 -1.3 -1.32 -1.21 -1.37 0.382921 -1.365 -0.27

212429.40 198797.3 230 -0.59 -0.65 -0.53 -0.61 -0.53 -0.55 -0.7 -0.72 -0.75 -0.73 -0.6 -0.64 -0.7 -0.76 -0.65 -0.75 -0.96 -1.63 -1.51 -1.67 -1.54 -1.27 -1.69 0.411914 -1.6873 -0.53

212438.90 198794.2 240 -0.79 -0.83 -0.86 -0.88 -0.85 -0.9 -0.96 -1.04 -1.03 -1.01 -0.84 -0.94 -0.99 -0.99 -0.93 -1.05 -1.22 -1.72 -1.77 -1.78 -1.57 -1.98

212448.40 198791.1 250 -1.12 -0.95 -1.31 -1.14 -1.37 -1.27 -1.29 -1.37 -1.33 -1.3 -1.12 -1.2 -1.24 -1.25 -1.21 -1.35 -1.66 -2.02 -2.07 -1.95

212457.85 198788 260 -1.36 -1.32 -1.62 -1.57 -1.27 -1.64 -1.71 -1.65 -1.62 -1.58 -1.43 -1.45 -1.49 -1.51 -1.49 -1.64 -1.96 -2.28 -2.23 -2.26

212467.37 198784.83 270 -1.56 -1.64 -1.89 -1.91 -1.96 -1.95 -2.11 -1.94 -1.83 -1.78 -1.71 -1.85 -1.75 -1.76 -1.78 -1.78 -1.79 -2.54 -2.52 -2.56

212476.87 198781.71 280 -1.73 -1.77 -2.2 -2.19 -2.12 -2.24 -2.2 -2.16 -2.03 -2.08 -1.95 -1.99 -2.02 -2.04 -2.06 -2.02 -1.99 -2.8

212486.37 198778.59 290 -2 -1.97 -2.54 -2.42 -2.41 -2.54 -2.44 -2.34 -2.27 -2.31 -2.19 -2.13 -2.3 -2.32 -2.34 -2.27 -2.19 -3.09

212495.86 198775.47 300 -2.27 -2.19 -2.5 -2.6

212505.36 198772.34 310 -2.51 -2.45 -2.72 -2.82

Average beach level 2.060833 2.0375 1.95625 1.949167 1.912083 1.95125 1.84458 1.84125 1.83125 1.832917 1.870417 1.885833 1.8925 1.9275 1.935417 1.8 1.729583 1.359583 1.310417 1.266667 1.34375 1.385417 0.965393

Cumulative beach level -0.02333 -0.10458 -0.11167 -0.14875 -0.10958 -0.21625 -0.21958 -0.22958 -0.22792 -0.19042 -0.175 -0.16833 -0.13333 -0.12542 -0.26083 -0.33125 -0.70125 -0.75042 -0.79417 -0.71708 -0.67542 -1.09544

inter-survey beach level change -0.02333 -0.08125 -0.00708 -0.03708 0.039167 -0.10667 -0.00333 -0.01 0.001667 0.0375 0.015417 0.006667 0.035 0.007917 -0.13542 -0.07042 -0.37 -0.04917 -0.04375 0.077083 0.041667 -0.42002


image52.emf
Easting Northing Distance S96 S97 S99 A99 S00 A00 S01 A01 S02 A02 S03 A03 S04 A04 S05 A06 S07 S08 S09 S10 S12  S13 A19 STDEV MIN MAX

212521.94199376.1 0 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 13.38 0 13.38 13.38

212529.40199369.6 10 10.05 10.23 10.45 9.89 10.06 10.06 10.12 10.12 10 10.08 9.91 10.19 9.83 10.02 10.14 10.2 10.19 10.35 10.15 10.06 10.2 10.37 10.12 0.148185 9.83 10.45

212537.00199362.9 20 8.17 7.55 8.18 7.99 8.11 8.07 8.1 8.17 7.76 7.54 6.99 6.91 6.6 6.85 7.14 7.39 7.29 7.29 6.57 6.67 6.77 6.47 8.10 0.609234 6.47 8.18

212544.50199356.3 30 5.26 5.32 4.62 4.74 4.71 4.69 4.68 4.44 4.68 4.56 4.6 4.92 4.5 4.72 4.54 4.59 4.37 4.7 4.64 4.49 4.4 4.42 4.68 0.236096 4.37 5.32

212552.00199349.7 40 4.12 4.21 3.8 4.06 4.07 3.99 3.92 3.8 3.92 3.82 3.75 3.94 3.12 3.9 3.67 3.52 3.65 3.99 4.05 3.88 3.95 3.66 3.92 0.23119 3.12 4.21

212559.50199343.1 50 3.13 3.38 3.4 3.44 3.4 3.38 3.02 3.2 3.08 3.18 2.99 3.22 2.63 3.08 3.05 2.93 3.37 3.4 3.37 3.12 3.53 3.02 3.02 0.213956 2.63 3.53

212567.00199336.5 60 2.58 2.48 2.91 2.76 2.69 2.71 2.53 2.66 2.28 2.63 2.47 2.52 2.26 2.72 2.44 2.46 3.29 2.86 2.41 2.4 2.87 2.51 2.53 0.230695 2.26 3.29

212574.50199329.9 70 2.28 2.18 2.39 2.16 2.05 2.19 2.12 2.18 2.02 2.21 2.1 2.19 1.97 2.39 2.12 2.13 2.76 2.39 1.97 2.01 2.22 2.1 2.12 0.174199 1.97 2.76

212582.00199323.3 80 2 1.89 1.92 1.73 1.63 1.78 1.8 1.76 1.79 1.84 1.77 1.85 1.75 2.07 1.9 1.8 2.21 1.99 1.79 1.79 1.84 1.82 1.80 0.124354 1.63 2.21

212589.50199316.7 90 1.75 1.65 1.64 1.47 1.39 1.49 1.58 1.44 1.58 1.6 1.54 1.56 1.52 1.74 1.68 1.57 1.75 1.69 1.59 1.61 1.56 1.58 1.58 0.094224 1.39 1.75

212597.00199310.1 100 1.5 1.43 1.45 1.33 1.23 1.23 1.34 1.19 1.42 1.38 1.31 1.33 1.3 1.48 1.46 1.33 1.47 1.42 1.39 1.44 1.31 1.34 1.34 0.084866 1.19 1.5

212604.50199303.5 110 1.3 1.24 1.25 1.17 1.07 1.06 1.1 0.98 1.23 1.17 1.11 1.11 1.08 1.27 1.24 1.08 1.18 1.16 1.19 1.25 1.07 1.1 1.10 0.083406 0.98 1.3

212612.00199296.9 120 1.1 1.06 1.02 1 0.87 0.88 0.92 0.84 1.02 0.97 0.94 0.95 0.86 1.05 0.99 0.84 0.91 0.94 0.95 1.04 0.85 0.86 0.92 0.077511 0.84 1.1

212619.60199290.3 130 0.91 0.9 0.78 0.82 0.7 0.73 0.74 0.69 0.81 0.77 0.76 0.83 0.66 0.84 0.75 0.61 0.65 0.74 0.7 0.82 0.66 0.63 0.74 0.081722 0.61 0.91

212627.10199283.7 140 0.71 0.75 0.6 0.64 0.55 0.58 0.57 0.53 0.61 0.57 0.58 0.7 0.5 0.64 0.55 0.38 0.42 0.57 0.46 0.58 0.45 0.41 0.57 0.094868 0.38 0.75

212634.70 199277 150 0.52 0.57 0.42 0.46 0.4 0.43 0.41 0.37 0.42 0.38 0.38 0.53 0.32 0.44 0.36 0.18 0.22 0.35 0.25 0.35 0.24 0.2 0.41 0.103509 0.18 0.57

212642.10199270.5 160 0.33 0.38 0.25 0.27 0.24 0.27 0.25 0.2 0.26 0.22 0.2 0.36 0.12 0.25 0.16 -0.02 0.04 0.14 0.05 0.16 0.04 -0.01 0.25 0.11241 -0.02 0.38

212649.60199263.9 170 0.14 0.17 0.11 0.11 0.07 0.12 0.09 0.03 0.09 0.05 0.07 0.18 -0.08 0.06 -0.05 -0.21 -0.15 0 -0.16 -0.01 -0.16 -0.21 0.09 0.12172 -0.21 0.18

212657.10199257.3 180 -0.06 -0.04 -0.04 -0.04 -0.09 -0.05 -0.07 -0.16 -0.1 -0.14 -0.07 -0.01 -0.28 -0.14 -0.26 -0.4 -0.33 -0.18 -0.28 -0.16 -0.37 -0.4 -0.07 0.125867 -0.4 -0.01

212665.00199250.6 190 -0.26 -0.25 -0.21 -0.22 -0.25 -0.22 -0.23 -0.17 -0.3 -0.33 -0.21 -0.21 -0.51 -0.35 -0.47 -0.59 -0.52 -0.38 -0.4 -0.3 -0.58 -0.59 -0.23 0.138939 -0.59 -0.17

212672.10 199244 200 -0.47 -0.45 -0.37 -0.41 -0.42 -0.39 -0.4 -0.18 -0.5 -0.52 -0.42 -0.35 -0.76 -0.57 -0.68 -0.76 -0.69 -0.6 -0.51 -0.52 -0.79 -0.79 -0.40 0.162048 -0.79 -0.18

212679.60199237.4 210 -0.65 -0.63 -0.54 -0.59 -0.59 -0.56 -0.57 -0.44 -0.7 -0.72 -0.63 -0.47 -0.99 -0.8 -0.9 -0.92 -0.85 -0.74 -0.7 -0.78 -0.99 -0.99 -0.57 0.167378 -0.99 -0.44

212687.10199230.8 220 -0.82 -0.82 -0.71 -0.77 -0.74 -0.68 -0.79 -0.88 -0.91 -0.91 -0.83 -0.62 -1.22 -1.02 -1.14 -1.11 -1 -0.88 -0.9 -1.03 -1.19 -1.18 -0.79 0.172364 -1.22 -0.62

212694.60199224.2 230 -1.01 -0.93 -0.89 -0.92 -0.89 -0.79 -1.02 -1.34 -1.12 -1.17 -1.03 -1 -1.41 -1.25 -1.38 -1.31 -1.19 -1.09 -1.1 -1.29 -1.37 -1.37 -1.02 0.186017 -1.41 -0.79

212702.10199217.6 240 -1.15 -1.06 -1.07 -1.05 -1.09 -0.93 -1.24 -1.48 -1.37 -1.43 -1.22 -1.38 -1.57 -1.48 -1.55 -1.5 -1.37 -1.29 -1.32 -1.55 -1.56 -1.55 -1.24 0.195756 -1.57 -0.93

212709.70 199211 250 -1.14 -1.3 -1.25 -1.17 -1.25 -1.07 -1.47 -1.38 -1.61 -1.53 -1.41 -1.86 -1.73 -1.68 -1.72 -1.69 -1.56 -1.5 -1.54 -1.75 -1.74 -1.73 -1.47 0.223908 -1.86 -1.07

212717.20199204.4 260 -1.6 -1.56 -1.41 -1.34 -1.34 -1.24 -1.73 -1.5 -1.75 -1.63 -1.66 -1.92 -1.86 -1.75 -1.87 -1.72 -1.7 -1.76 -1.76 -1.97 -1.92 -1.73

212724.73199197.8 270 -1.91 -1.63 -1.56 -1.52 -1.42 -1.42 -1.97 -1.7 -1.9 -1.74 -1.95 -2.21 -2.03 -1.78 -1.9 -1.98 -1.98 -2.14 -2.12 -1.97

212732.17199191.2 280 -2.08 -1.67 -1.73 -1.72 -1.64 -1.63 -2.03 -1.96 -2.08 -1.88 -2.19 -2.39 -2.6 -2.2 -2.28 -2.29 -2.03

212739.68199184.6 290 -1.94 -1.83 -1.97 -1.94 -2.01 -2.19 -2.22 -2.28 -2.37 -2.47 -2.45 -2.44 -2.19 0.077511

212747.18 199178 300 -2 -2.2 -2.45 -2.52 -2.6 0.609234

212754.68199171.3 310 -2.39 -2.71

Average beach level 2.064231 2.049615 2.057308 2.009615 1.973077 2.013462 1.956923 1.921154 1.913077 1.907692 1.885769 1.952692 1.686538 1.908077 1.823846 1.764615 1.903462 1.95 1.846154 1.833077 1.791923 1.732692 1.957337

Cumulative beach level -0.01462 -0.00692 -0.05462 -0.09115 -0.05077 -0.10731 -0.14308 -0.15115 -0.15654 -0.17846 -0.11154 -0.37769 -0.15615 -0.24038 -0.29962 -0.16077 -0.11423 -0.21808 -0.23115 -0.27231 -0.33154 -0.10689

Inter-survey beach level -0.01462 0.007692 -0.04769 -0.03654 0.040385 -0.05654 -0.03577 -0.00808 -0.00538 -0.02192 0.066923 -0.26615 0.221538 -0.08423 -0.05923 0.138846 0.046538 -0.10385 -0.01308 -0.04115 -0.05923 0.224645
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image54.emf
Distance Nov-08 Dec-08 Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-19STDEV MIN MAX

0 7.2412 7.258 7.2508 7.2488 7.244 7.2206 7.11725 7.224 7.204 7.1992 7.104 7.2072 7.16 7.2624 7.2294 7.254 7.2432 7.234 7.2312 7.2538 7.0648 7.091 7.244 7.244 7.204 4.6812 0.49892 4.6812 7.2624

5 5.3938 5.4844 5.322 5.3436 5.2482 5.3942 6.0586 5.5524 5.5076 5.6324 6.1018 5.6904 5.6078 5.5928 5.4008 5.564 5.1238 5.102 5.1396 5.3484 5.112 5.7342 5.201 5.1664 5.2334 4.36078 0.339309 4.36078 6.1018

10 4.7888 4.7878 4.6904 4.4428 4.5792 4.6604 4.888 4.5594 4.72 4.7306 4.8916 4.7648 4.5034 4.4372 4.4468 4.6026 4.5368 4.5984 4.5952 4.599 4.5952 4.6562 4.707 4.4336 4.5282 4.04054 0.174198 4.04054 4.8916

15 4.3384 4.3418 4.2212 3.8302 4.111 4.1826 4.3066 4.1554 4.2052 4.2764 4.3986 4.3354 4.044 3.9134 3.9716 4.0952 4.1536 4.1726 4.1914 4.2172 4.2166 4.2422 4.2224 4.095 4.1814 3.66538 0.165709 3.66538 4.3986

20 3.8938 3.902 3.766 3.3712 3.6542 3.7126 3.9086 3.7562 3.7814 3.8262 4.006 3.9188 3.6104 3.433 3.511 3.5928 3.7736 3.7536 3.796 3.8474 3.8478 3.868 3.7502 3.7642 3.8452 3.29002 0.176466 3.29002 4.006

25 3.5504 3.5454 3.4232 3.1924 3.3266 3.3438 3.5526 3.4314 3.4698 3.5086 3.646 3.549 3.3146 3.1796 3.2222 3.304 3.4478 3.4352 3.445 3.4846 3.5152 3.4976 3.4032 3.5024 3.5382 3.03482 0.142335 3.03482 3.646

30 3.2058 3.1906 3.0836 3.0116 3.0002 2.9784 3.1912 3.1066 3.1578 3.1906 3.2772 3.1808 3.0268 2.9378 2.9378 3.0248 3.1218 3.1132 3.0964 3.1234 3.1804 3.1244 3.0582 3.2374 3.231 2.77942 0.113576 2.77942 3.2772

35 2.852 2.8692 2.7946 2.7746 2.7188 2.6866 2.9106 2.7946 2.831 2.842 2.8942 2.8014 2.8094 2.7142 2.7296 2.7526 2.8052 2.7654 2.7694 2.7724 2.8262 2.7484 2.7956 2.9598 2.9506 2.54194 0.08647 2.54194 2.9598

40 2.4998 2.5472 2.5064 2.5374 2.4384 2.398 2.625 2.4924 2.509 2.4952 2.5282 2.4234 2.5922 2.4944 2.523 2.4836 2.4876 2.425 2.4452 2.4254 2.47 2.3728 2.532 2.6826 2.6698 2.3042 0.08539 2.3042 2.6826

45 2.2202 2.2412 2.2498 2.2992 2.2228 2.1798 2.3998 2.2606 2.2396 2.211 2.203 2.1342 2.3568 2.2956 2.2834 2.2572 2.21 2.1566 2.1714 2.1742 2.1756 2.1036 2.2622 2.3984 2.3894 2.08614 0.084209 2.08614 2.3998

50 1.9454 1.9408 1.995 2.0654 2.009 1.962 2.1914 2.0282 1.9736 1.9326 1.917 1.8508 2.1204 2.0998 2.043 2.0328 1.9348 1.8906 1.8996 1.9246 1.889 1.842 1.9946 2.116 2.116 1.86788 0.093481 1.842 2.1914

55 1.734 1.7234 1.7758 1.8962 1.7972 1.7592 1.9466 1.8098 1.7954 1.7442 1.7548 1.7266 1.9048 1.9252 1.8202 1.8568 1.7354 1.709 1.713 1.7484 1.7058 1.6744 1.77 1.879 1.9096 1.70256 0.07927 1.6744 1.9466

60 1.5288 1.5094 1.5656 1.7296 1.5924 1.566 1.7362 1.6008 1.6212 1.5612 1.6066 1.6032 1.6894 1.7542 1.6018 1.6818 1.5408 1.5312 1.531 1.5742 1.5328 1.5112 1.5504 1.6578 1.7044 1.53706 0.074353 1.5094 1.7542

65 1.4144 1.3912 1.4352 1.5802 1.4636 1.4428 1.6198 1.4858 1.4884 1.4556 1.4946 1.4942 1.4812 1.5544 1.4612 1.5344 1.4326 1.4218 1.4326 1.441 1.4192 1.3946 1.4562 1.5204 1.562 1.39106 0.060299 1.39106 1.6198

70 1.3012 1.2732 1.3054 1.4286 1.3362 1.3194 1.5016 1.3724 1.357 1.3508 1.3852 1.3846 1.2848 1.3586 1.32 1.3874 1.3254 1.3124 1.3338 1.3108 1.3078 1.2814 1.3622 1.3874 1.4228 1.24488 0.055701 1.24488 1.5016

75 1.1808 1.1672 1.2056 1.277 1.2294 1.2082 1.3912 1.2664 1.258 1.2508 1.276 1.2612 1.191 1.2302 1.2276 1.273 1.2318 1.2108 1.2336 1.2224 1.2204 1.2018 1.2714 1.309 1.334 1.12932 0.053628 1.12932 1.3912

80 1.0608 1.0618 1.104 1.1388 1.124 1.101 1.2906 1.162 1.1596 1.151 1.1638 1.1396 1.098 1.1062 1.136 1.1612 1.1394 1.11 1.1344 1.1346 1.1342 1.1208 1.1822 1.229 1.2458 1.01356 0.057013 1.01356 1.2906

85 0.96 0.9682 0.9874 1.0586 1.0362 1.0106 1.1978 1.0766 1.0722 1.0456 1.0694 1.039 0.996 1.0604 1.0646 1.083 1.069 1.038 1.0634 1.0642 1.057 1.0446 1.124 1.1482 1.158 0.9126 0.061521 0.9126 1.1978

90 0.8604 0.8744 0.8736 0.9748 0.9472 0.918 1.0998 0.9908 0.9828 0.9398 0.974 0.9382 0.8918 1.0164 0.9924 1.0042 0.9972 0.9648 0.9914 0.993 0.9788 0.967 1.063 1.0658 1.069 0.81182 0.06854 0.81182 1.0998

95 0.768 0.7734 0.7796 0.886 0.8616 0.8422 1.0022 0.8824 0.8604 0.8262 0.863 0.852 0.8052 0.9264 0.908 0.9236 0.9178 0.8786 0.9108 0.906 0.8938 0.8698 0.961 0.9614 0.9754 0.72314 0.067878 0.72314 1.0022

100 0.6762 0.673 0.691 0.7978 0.7758 0.7682 0.8982 0.7752 0.7404 0.7154 0.7602 0.7658 0.7208 0.8324 0.8226 0.8426 0.8376 0.7932 0.8302 0.818 0.8078 0.7756 0.8602 0.8582 0.8818 0.63424 0.067863 0.63424 0.8982

105 0.5854 0.5796 0.6262 0.7146 0.6854 0.6706 0.7906 0.6788 0.6634 0.6472 0.6964 0.6804 0.6348 0.7374 0.7376 0.7608 0.7472 0.711 0.738 0.727 0.7168 0.7004 0.7678 0.7848 0.7916 0.55202 0.064801 0.55202 0.7916

110 0.4968 0.4894 0.563 0.6306 0.5944 0.5728 0.6934 0.5846 0.5864 0.5792 0.6228 0.5948 0.5488 0.643 0.6522 0.6784 0.6568 0.6294 0.6456 0.6358 0.6276 0.6232 0.6758 0.7086 0.7004 0.46982 0.062992 0.46982 0.7086

115 0.4472 0.432 0.4906 0.5314 0.4958 0.4888 0.6122 0.5078 0.5102 0.5044 0.54 0.5026 0.4688 0.5472 0.5578 0.5806 0.5672 0.5478 0.5546 0.5548 0.5366 0.5254 0.5918 0.6098 0.5964 0.38348 0.055176 0.38348 0.6122

120 0.3988 0.3772 0.4234 0.4348 0.4002 0.4076 0.533 0.4314 0.4328 0.4286 0.4526 0.4144 0.3882 0.4514 0.464 0.4838 0.4764 0.4656 0.4648 0.4732 0.4454 0.4282 0.5064 0.5094 0.4916 0.29716 0.048867 0.29716 0.533

125 0.3552 0.345 0.3856 0.3552 0.321 0.3278 0.4446 0.3522 0.3472 0.335 0.3612 0.3336 0.3008 0.3502 0.3738 0.397 0.3774 0.3832 0.3732 0.3828 0.3584 0.335 0.4 0.4078 0.3868 0.2124 0.042789 0.2124 0.4446

130 0.3114 0.3108 0.3418 0.2746 0.2406 0.2464 0.3602 0.2736 0.2618 0.2438 0.282 0.2528 0.215 0.251 0.2838 0.3096 0.278 0.2982 0.281 0.291 0.2714 0.241 0.2956 0.3082 0.2826 0.12786 0.044138 0.12786 0.3602

135 0.2446 0.2594 0.2758 0.1892 0.1588 0.1648 0.2778 0.1886 0.183 0.1678 0.213 0.1864 0.1348 0.1736 0.1958 0.2132 0.1788 0.197 0.1898 0.1916 0.1748 0.146 0.2018 0.2212 0.1912 0.04134 0.046901 0.04134 0.2778

140 0.1754 0.2072 0.1952 0.1044 0.077 0.0846 0.187 0.1044 0.1046 0.093 0.1442 0.1192 0.054 0.094 0.106 0.1164 0.0808 0.0986 0.1008 0.0962 0.0788 0.0534 0.109 0.1348 0.102 -0.04516 0.050457 -0.04516 0.2072

145 0.1004 0.1384 0.0872 0.0186 -0.0114 -0.0004 0.1048 0.0306 0.0278 0.0202 0.0594 0.0456 -0.026 0.0064 0.0048 0.031 0.009 0.0104 0.0198 0.0246 -0.0122 -0.0294 0.0234 0.0518 0.0202 -0.13904 0.052269 -0.13904 0.1384

150 0.0222 0.0604 -0.0248 -0.0672 -0.0986 -0.0872 0.029 -0.0464 -0.0526 -0.055 -0.0246 -0.0286 -0.1052 -0.0782 -0.0928 -0.0534 -0.0642 -0.0776 -0.062 -0.0476 -0.102 -0.113 -0.0608 -0.0304 -0.0572 -0.23274 0.054579 -0.23274 0.0604

155 -0.0852 -0.087 -0.1518 -0.156 -0.1714 -0.1608 -0.0522 -0.138 -0.1502 -0.147 -0.1144 -0.122 -0.1772 -0.1586 -0.172 -0.1428 -0.1524 -0.1644 -0.1508 -0.1362 -0.1776 -0.1962 -0.1304 -0.1042 -0.106 -0.32242 0.048639 -0.32242 -0.0522

160 -0.1946 -0.2326 -0.2786 -0.246 -0.2472 -0.2374 -0.1392 -0.2294 -0.2462 -0.237 -0.2046 -0.2152 -0.2514 -0.2384 -0.2526 -0.2324 -0.241 -0.2518 -0.239 -0.2248 -0.2538 -0.2774 -0.202 -0.1762 -0.1592 -0.41192 0.04868 -0.41192 -0.1392

165 -0.3398 -0.3682 -0.3962 -0.3314 -0.3468 -0.3356 -0.2416 -0.3216 -0.3336 -0.3302 -0.2956 -0.3024 -0.3454 -0.3176 -0.343 -0.3296 -0.34 -0.345 -0.3248 -0.3178 -0.3492 -0.3682 -0.2878 -0.2438 -0.238 -0.49822 0.050972 -0.49822 -0.238

170 -0.4776 -0.4992 -0.5034 -0.4174 -0.4438 -0.4296 -0.3382 -0.4128 -0.4204 -0.4236 -0.3872 -0.389 -0.4428 -0.4 -0.434 -0.426 -0.4386 -0.4388 -0.4108 -0.4128 -0.4466 -0.4614 -0.3756 -0.3152 -0.3224 -0.58434 0.056298 -0.58434 -0.3152

175 -0.581 -0.5978 -0.5712 -0.5132 -0.5382 -0.5146 -0.4202 -0.506 -0.5092 -0.5196 -0.4692 -0.4766 -0.5462 -0.494 -0.5286 -0.518 -0.5294 -0.532 -0.4974 -0.513 -0.5028 -0.507 -0.4696 -0.424 -0.4596 -0.67986 0.053216 -0.67986 -0.4202

180 -0.6798 -0.6928 -0.641 -0.6092 -0.633 -0.603 -0.5112 -0.6014 -0.6002 -0.6162 -0.5558 -0.5628 -0.6452 -0.5878 -0.6234 -0.6114 -0.6204 -0.626 -0.5848 -0.6094 -0.5632 -0.5572 -0.5674 -0.5374 -0.5974 -0.77534 0.053213 -0.77534 -0.5112

185 -0.7556 -0.759 -0.7224 -0.7124 -0.7314 -0.712 -0.6162 -0.6914 -0.6944 -0.7112 -0.6524 -0.6516 -0.738 -0.6916 -0.7074 -0.7188 -0.7174 -0.7244 -0.6736 -0.6862 -0.6918 -0.7024 -0.7038 -0.671 -0.721 -0.8843 0.047756 -0.8843 -0.6162

190 -0.8316 -0.8286 -0.8058 -0.8128 -0.8306 -0.8212 -0.7174 -0.7814 -0.7892 -0.806 -0.744 -0.7442 -0.8332 -0.7958 -0.7962 -0.8264 -0.8182 -0.823 -0.7666 -0.7722 -0.8194 -0.8596 -0.844 -0.8094 -0.8438 -0.9933 0.050198 -0.9933 -0.7174

195 -0.9082 -0.9124 -0.8954 -0.9002 -0.9316 -0.9056 -0.8124 -0.8754 -0.8876 -0.8988 -0.8574 -0.8598 -0.9462 -0.8874 -0.9138 -0.9154 -0.9316 -0.923 -0.9084 -0.942 -0.977 -1.0386 -0.9944 -0.9556 -0.9652 -1.11152 0.059618 -1.11152 -0.8124

200 -0.9882 -0.9974 -0.985 -0.9942 -1.0344 -0.9972 -0.907 -0.9732 -0.9874 -0.9898 -0.9644 -0.971 -1.063 -0.9852 -1.0292 -1.007 -1.0442 -1.0278 -1.0494 -1.1068 -1.1388 -1.1992 -1.1352 -1.0844 -1.0826 -1.22976 0.075535 -1.22976 -0.907

205 -1.0914 -1.1082 -1.0806 -1.1074 -1.14 -1.1158 -1.0086 -1.0894 -1.0882 -1.0786 -1.0554 -1.056 -1.19 -1.1268 -1.1478 -1.1236 -1.1654 -1.172 -1.1898 -1.2174 -1.256 -1.2914 -1.2092 -1.1192 -1.1732 -1.35766 0.077902 -1.35766 -1.0086

210 -1.1978 -1.2202 -1.182 -1.2226 -1.2436 -1.2264 -1.126 -1.202 -1.1886 -1.1728 -1.1512 -1.1484 -1.3114 -1.2638 -1.2682 -1.2398 -1.2852 -1.3118 -1.3256 -1.3212 -1.3608 -1.374 -1.2772 -1.1718 -1.2642 -1.48554 0.081838 -1.48554 -1.126

215 -1.3266 -1.3502 -1.3036 -1.3406 -1.3502 -1.3324 -1.2346 -1.2894 -1.2892 -1.2944 -1.2578 -1.2668 -1.404 -1.3798 -1.3974 -1.3722 -1.4044 -1.4128 -1.4142 -1.3898 -1.3916 -1.4038 -1.3388 -1.2914 -1.3632 -1.62268 0.075787 -1.62268 -1.2346

220 -1.4546 -1.4786 -1.4272 -1.4542 -1.4576 -1.4488 -1.3218 -1.3816 -1.394 -1.4154 -1.3692 -1.386 -1.4992 -1.495 -1.5198 -1.5032 -1.5196 -1.5082 -1.4968 -1.4552 -1.4322 -1.4458 -1.4104 -1.4088 -1.4608 -1.75982 0.079552 -1.75982 -1.3218

225 -1.5832 -1.5868 -1.5608 -1.561 -1.5704 -1.5616 -1.4262 -1.5036 -1.516 -1.5282 -1.4756 -1.515 -1.6186 -1.6076 -1.6076 -1.6006 -1.5924 -1.5764 -1.5568 -1.5158 -1.534 -1.5448 -1.5274 -1.5196 -1.5436 -1.87464 0.077517 -1.87464 -1.4262

230 -1.7096 -1.6946 -1.693 -1.6724 -1.6866 -1.667 -1.539 -1.6234 -1.6362 -1.6416 -1.5872 -1.6404 -1.737 -1.7194 -1.6972 -1.6912 -1.665 -1.6498 -1.6204 -1.587 -1.6358 -1.6458 -1.6376 -1.6214 -1.63 -1.98928 0.079552 -1.98928 -1.539

235 -1.7862 -1.7896 -1.8154 -1.7978 -1.804 -1.7658 -1.646 -1.7442 -1.7504 -1.7532 -1.7038 -1.746 -1.847 -1.8256 -1.7792 -1.7528 -1.7466 -1.7444 -1.7148 -1.6918 -1.732 -1.7502 -1.7266 -1.691 -1.7276 -2.07344 0.077309 -2.07344 -1.646

240 -1.8638 -1.8852 -1.9336 -1.9178 -1.9132 -1.8608 -1.7582 -1.868 -1.8678 -1.8656 -1.8158 -1.8506 -1.96 -1.933 -1.8664 -1.8198 -1.8284 -1.8424 -1.8136 -1.7984 -1.8322 -1.8586 -1.8174 -1.7662 -1.829 -2.03195 0.0603 -2.03195 -1.7582

245 -1.9684 -1.9946 -2.034 -2.0058 -1.9932 -1.9398 -1.8676 -1.9922 -1.9918 -1.9794 -1.9386 -1.9566 -1.92125 -2.0306 -1.979 -1.9236 -1.9348 -1.9574 -1.9308 -1.9308 -1.9598 -1.9926 -1.9164 -1.8634 -1.9482 -2.08993 0.049545 -2.08993 -1.8634

250 -2.0724 -2.104 -2.1356 -2.0998 -2.0712 -1.87075 -1.9782 -2.1118 -2.1118 -1.939 -2.0568 -2.0696 -2.03825 -2.1304 -2.0878 -2.0316 -2.0464 -2.074 -2.0502 -2.0606 -2.0842 -2.1254 -2.0174 -1.9638 -2.0666 -1.59405 0.109595 -2.1356 -1.59405

255 -2.188 -2.2236 -2.2512 -2.2142 -2.1656 -1.99925 -1.987 -2.2146 -2.2298 -2.039 -2.193 -2.2314 -1.92367 -2.2444 -2.1868 -2.156 -2.1616 -2.1776 -2.1764 -2.1766 -2.196 -2.2508 -2.1338 -2.086 -2.1846 -1.6325 0.133959 -2.2512 -1.6325

260 -2.15225 -2.149 -2.3686 -2.3148 -2.2716 -1.921 -1.927 -2.16225 -2.17775 -1.94333 -2.3418 -2.1735 -1.579 -1.572 -2.284 -2.2774 -2.277 -2.1345 -2.18825 -2.142 -1.928 -2.3814 -2.254 -2.2114 -2.3046 -1.3386 0.263522 -2.3814 -1.3386

265 -2.2545 -2.25575 -2.4816 -2.3764 -2.4068 -2.02733 -2.01067 -2.24375 -2.273 -2.05733 -2.4704 -2.3155 -1.6515 -1.6555 -2.373 -2.3702 -2.3946 -2.2385 -2.02933 -2.24325 -2.00833 -2.5114 -2.378 -2.3436 -2.4312 -1.3994 0.278997 -2.5114 -1.3994

270 -2.134667 -1.7085 -2.39625 -2.4554 -2.5434 -1.6835 -1.6745 -1.6865 -2.12667 -1.7235 -2.3825 -2.2 -1.719 -1.7385 -2.4664 -2.472 -2.33425 -1.711 -1.723 -1.68 -1.732 -2.6386 -2.5096 -2.4814 -2.561 -1.4602 0.386787 -2.6386 -1.4602

275 -2.263 -1.787 -2.50975 -2.5842 -2.683 -1.796 -1.751 -1.776 -2.262 -1.8145 -2.50725 -2.325 -1.7805 -1.822 -2.5818 -2.6084 -2.45375 -1.806 -1.8175 -1.8145 -1.8315 -2.5765 -2.6668 -2.6258 -2.6978 -1.5162 0.399262 -2.6978 -1.5162

280 -1.851 -1.8685 -1.8855 -2.7162 -2.8192 -1.889 -1.466 -1.871 -1.8785 -1.505 -2.36233 -1.8735 -1.509 -1.907 -2.6992 -2.7402 -2.30667 -1.899 -1.911 -1.9415 -1.511 -2.408 -2.8116 -2.7546 -2.397 -1.5722 0.4526 -2.8192 -1.466

285 -1.9295 -1.953 -1.9765 -2.6635 -2.9494 -1.9265 -1.514 -1.98 -1.9575 -1.566 -2.48333 -1.9465 -1.563 -2.021 -2.65625 -2.8588 -2.413 -1.978 -1.993 -1.995 -1.563 -2.496 -2.9254 -2.6805 -2.47733 -1.6205 0.448763 -2.9494 -1.514

290 -2.01 -2.036 -2.066 -2.7925 -2.89275 -1.491 -1.559 -2.0845 -2.036 -1.625 -2.58867 -2.027 -1.614 -2.116 -2.772 -2.77275 -2.087 -1.548 -1.583 -2.0475 -1.615 -2.57667 -3.0178 -2.492 -2.55067 -1.6688 0.480751 -3.0178 -1.491

295 -2.1025 -2.1065 -2.1415 -2.89875 -2.63167 -1.516 -1.595 -2.1525 -2.102 -1.65 -2.1345 -2.123 -1.644 -2.153 -2.8775 -2.86575 -2.16 -1.65 -1.663 -2.1525 -1.694 -2.64167 -2.92825 -2.548 -2.61333 -1.8228 0.450037 -2.92825 -1.516

300 -1.65 -2.186 -2.2255 -2.2565 -2.69467 -1.546 -1.63 -2.2285 -2.176 -1.691 -2.2295 -2.222 -1.677 -2.217 -2.23 -2.94675 -2.2365 -1.755 -1.746 -2.251 -1.775 -2.719 -2.68 -2.599 -2.68633 -1.9767 0.394763 -2.94675 -1.546

305 -1.798 -2.339 -2.355 -2.395 -2.798 -1.738 -1.78 -2.3615 -2.3285 -1.847 -2.3555 -2.3795 -1.822 -2.3725 -2.331 -2.77 -2.339 -1.889 -1.877 -2.316 -1.901 -2.82967 -2.788 -2.227 -2.4165 -2.132 0.333636 -2.82967 -1.738

310 -1.949 -2.041 -2.476 -2.53 -2.447 -1.929 -1.7965 -2.026 -2.4645 -1.85833 -2.477 -2.047 -1.83187 -2.118 -2.4485 -2.88833 -1.962 -2.025 -2.009 -2.001 -1.943 -2.9185 -2.461 -2.327 -2.561 -2.2874 0.317393 -2.9185 -1.7965

315 -2.148 -2.199 -2.162 -2.629 -2.591 -2.105 -2.179 -2.158 -2.598 -2.19 -2.317 -2.168 -3.009 -2.196 -2.175 -2.21 -2.187 -2.244 -2.632 -2.5085 -2.638 0.246515 -3.009 -2.105

320 -2.341 -2.376 -2.36 -2.7295 -2.7345 -2.35 -2.316 -2.292 -2.355 -2.472 -2.356 -2.76 -2.354 -2.376 -2.334 -2.397 -2.7515 -2.682 -2.715 0.180209 -2.76 -2.292

325 -2.531 -2.564 -2.549 -2.8645 -2.8575 -2.527 -2.481 -2.451 -2.527 -2.619 -2.543 -2.8865 -2.487 -2.528 -2.531 -2.8605 -2.793 -2.8385 0.160824 -2.8865 -2.451

330 -2.724 -2.722 -3.0105 -2.9685 -2.682 -2.649 -2.69 -2.789 -2.713 -3.02 -2.673 -2.682 -2.713 -2.9895 -2.8735 -2.96 0.139951 -3.02 -2.649

335 -2.89 -2.837 -3.074 -2.876 -2.834 -2.871 -3.14 -2.832 -2.902 -3.1155 -2.955 -3.0885 0.119021 -3.14 -2.832

340 -2.964 -3.168 -2.983 -2.952 -2.988 -3.2195 -2.971 -3.032 -3.2005 -3.063 -3.2165 0.110082 -3.2195 -2.952

345 -3.081 -3.2675 -3.292 -3.313 -2.988 -3.315 0.139705 -3.315 -2.988

350 -3.3695 -3.382 -3.468 -3.144 -3.4215 0.125131 -3.468 -3.144

355 -3.473 -3.4735 -3.589 -3.5215 0.054779 -3.589 -3.473

360 -3.5585 -3.54 -3.544 -3.582 0.018993 -3.582 -3.54

365 -3.565 -3.561 -3.632 0.039887 -3.632 -3.561

370 -3.643 -3.643 -3.643

375 -3.74 -3.74 -3.74

380 -3.837 -3.837 -3.837

Average level -0.831793 -0.88138 -0.95597 -1.0971 -1.41452 -0.70061 -0.57017 -0.81823 -0.95392 -0.66171 -0.98399 -0.86933 -0.67813 -0.85841 -1.03531 -1.2934 -0.90625 -0.73041 -0.89511 -0.78809 -0.68043 -1.07628 -1.24189 -1.07818 -1.24532 -0.76858 0.018993

intersurvey average beach level change -0.04959 -0.07459 -0.14113 -0.31743 0.713915 0.130434 -0.24806 -0.13569 0.29221 -0.32228 0.114666 0.191199 -0.18028 -0.1769 -0.25809 0.38715 0.175836 -0.16469 0.107016 0.107658 -0.39585 -0.16561 0.163713 -0.16714 0.476735 0.49892

Cumulative average beach level change -0.04959 -0.12418 -0.2653 -0.58273 0.131186 0.26162 0.013564 -0.12213 0.170082 -0.1522 -0.03753 0.153665 -0.02662 -0.20351 -0.46161 -0.07446 0.101381 -0.06331 0.043701 0.151359 -0.24449 -0.4101 -0.24638 -0.41353 0.06321


image55.emf
Distance (m) Nov-08 Dec-08 Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-19STDEV MIN MAX

0 7.6584 7.6726 7.6716 7.675 7.6558 7.6668 7.6926 7.6424 7.6698 7.6908 7.64425 7.7052 7.5734 7.688 7.6874 7.7004 7.702 7.7212 7.4524 7.09575 7.442 7.4106 7.66 7.692 7.2812 5.2122 0.492935 5.2122 7.7212

5 5.8814 5.7596 5.6594 5.6264 5.5768 5.5764 6.0934 5.9434 5.8882 5.8934 6.6056 5.8084 6.103 5.879 5.7122 5.6446 5.8094 5.434 5.3894 5.9034 5.3906 5.6078 5.4426 5.437 5.234 4.66141 0.354637 4.66141 6.6056

10 4.787 4.6872 4.6296 4.5008 4.6072 4.674 4.6702 4.6446 4.7008 4.7002 5.0404 4.7732 4.715 4.4942 4.533 4.6314 4.5892 4.697 4.6378 4.9714 4.5996 4.5778 4.788 4.413 4.4226 4.110621 0.1780224.110621 5.0404

15 4.4768 4.3314 4.194 3.937 4.2324 4.3322 4.3352 4.3276 4.2864 4.322 4.5686 4.4316 4.1408 3.9956 4.1076 4.2 4.2406 4.3204 4.293 4.36 4.298 4.2906 4.3528 4.1192 4.1082 3.806902 0.1657323.806902 4.5686

20 4.1522 3.979 3.8248 3.5492 3.8954 4.0022 4.0334 4.0108 3.976 3.9804 4.2042 4.033 3.7282 3.5714 3.7172 3.7886 3.9088 3.961 3.97 4.0506 3.998 4.0188 3.9392 3.8448 3.8 3.503183 0.1757233.503183 4.2042

25 3.8124 3.7002 3.5582 3.3598 3.6172 3.6692 3.6794 3.7004 3.652 3.6826 3.8474 3.64 3.4384 3.3484 3.4498 3.499 3.5982 3.6292 3.6504 3.6862 3.6716 3.6618 3.6046 3.6498 3.553 3.230019 0.1402773.230019 3.8474

30 3.4662 3.4202 3.295 3.1648 3.3328 3.3184 3.33 3.3876 3.328 3.3658 3.4754 3.286 3.179 3.1334 3.195 3.2084 3.2802 3.283 3.3046 3.3488 3.3428 3.3034 3.283 3.451 3.3058 2.956855 0.112062.956855 3.4754

35 3.1102 3.1262 3.0624 2.9564 2.9944 2.938 2.9986 3.042 3.0058 3.01 3.0764 2.9372 2.9464 2.9104 2.9564 2.8684 2.941 2.9326 2.9278 3.0018 2.9778 2.9682 3.0226 3.2222 3.0474 2.663637 0.1009332.663637 3.2222

40 2.7718 2.8362 2.836 2.7446 2.6698 2.567 2.678 2.6968 2.6866 2.6524 2.7102 2.5656 2.7266 2.6882 2.708 2.5376 2.6086 2.5974 2.5604 2.6346 2.6214 2.6364 2.7828 2.9904 2.79 2.370399 0.120182.370399 2.9904

45 2.4786 2.5576 2.6088 2.522 2.3898 2.231 2.3794 2.3816 2.4028 2.3334 2.3914 2.2394 2.5292 2.4862 2.4264 2.3068 2.3876 2.3464 2.2832 2.3772 2.3176 2.3192 2.5428 2.714 2.5444 2.122831 0.1308522.122831 2.714

50 2.2052 2.2816 2.3744 2.3076 2.116 1.9154 2.0942 2.0812 2.1248 2.0464 2.1328 2.0146 2.3422 2.302 2.1526 2.078 2.178 2.1262 2.0604 2.1346 2.0352 2.022 2.2996 2.4346 2.3014 1.875243 0.1407251.875243 2.4346

55 2.0002 2.0292 2.1606 2.0948 1.88 1.7568 1.9628 1.9022 1.95 1.9038 1.9888 1.9034 2.1648 2.1398 1.96 1.902 1.9922 1.951 1.9074 1.9464 1.8546 1.856 2.0778 2.1686 2.0988 1.701486 0.1211531.701486 2.1686

60 1.8066 1.7868 1.9546 1.8928 1.659 1.6246 1.8378 1.7626 1.7962 1.7856 1.867 1.7802 1.9878 1.9792 1.787 1.732 1.8222 1.753 1.7564 1.804 1.6844 1.6936 1.8594 1.905 1.8982 1.527729 0.1078871.527729 1.9878

65 1.6492 1.606 1.7808 1.711 1.5876 1.5672 1.739 1.6722 1.681 1.6824 1.7552 1.6642 1.8276 1.851 1.6852 1.6112 1.6806 1.6294 1.6318 1.6666 1.5878 1.5856 1.7172 1.7552 1.7186 1.379084 0.0944581.379084 1.851

70 1.4982 1.4374 1.6094 1.5372 1.526 1.5156 1.6396 1.582 1.5746 1.5762 1.6416 1.5426 1.6718 1.7148 1.5764 1.4938 1.5434 1.506 1.5142 1.5484 1.4886 1.4742 1.5866 1.6198 1.5462 1.23044 0.090808 1.23044 1.7148

75 1.367 1.3136 1.456 1.439 1.462 1.439 1.5378 1.482 1.4624 1.455 1.517 1.4054 1.5236 1.5712 1.4578 1.3904 1.4284 1.3992 1.4076 1.4416 1.3848 1.3752 1.476 1.4886 1.4148 1.095565 0.0891851.095565 1.5712

80 1.2378 1.1944 1.3016 1.3426 1.396 1.352 1.4344 1.376 1.3442 1.3292 1.3882 1.2906 1.3798 1.4228 1.3442 1.29 1.3218 1.3004 1.301 1.3236 1.2784 1.275 1.364 1.3578 1.2868 0.960711 0.0907030.960711 1.4344

85 1.1144 1.0792 1.1622 1.256 1.2894 1.2318 1.3306 1.2612 1.2272 1.205 1.2636 1.1802 1.2572 1.2892 1.2308 1.1896 1.2238 1.1922 1.2034 1.2132 1.1632 1.1624 1.2484 1.235 1.1732 0.837359 0.0923340.837359 1.3306

90 0.9948 0.964 1.03 1.1692 1.1806 1.1076 1.221 1.1438 1.1126 1.0898 1.1438 1.068 1.1406 1.1644 1.119 1.0846 1.1248 1.0792 1.1058 1.108 1.0466 1.0494 1.1378 1.1206 1.0562 0.714008 0.0953420.714008 1.221

95 0.886 0.848 0.904 1.0638 1.055 0.9796 1.0934 1.0156 0.9838 0.9742 1.0182 0.9472 1.0196 1.0376 1 0.9732 1.0108 0.964 0.9976 0.9918 0.9394 0.9282 1.029 1.0106 0.9282 0.59745 0.094229 0.59745 1.0934

100 0.7768 0.7304 0.778 0.9568 0.9254 0.8526 0.9644 0.8894 0.8562 0.8576 0.8942 0.8228 0.8958 0.9102 0.8812 0.86 0.8944 0.8514 0.8854 0.8694 0.8316 0.8088 0.9174 0.897 0.8056 0.480891 0.0931170.480891 0.9644

105 0.663 0.6148 0.6484 0.834 0.7878 0.72 0.8256 0.761 0.73 0.7418 0.7766 0.7022 0.7668 0.7788 0.773 0.7456 0.7724 0.7388 0.7646 0.7502 0.704 0.6908 0.7874 0.7782 0.6856 0.376402 0.0885110.376402 0.834

110 0.5492 0.5006 0.5204 0.7086 0.651 0.5876 0.6904 0.633 0.6026 0.625 0.6572 0.5834 0.6378 0.646 0.6638 0.6344 0.6508 0.626 0.64 0.6312 0.5804 0.572 0.6554 0.6598 0.562 0.271912 0.0842740.271912 0.7086

115 0.4346 0.3872 0.402 0.5702 0.5222 0.4608 0.5618 0.5092 0.4824 0.5048 0.5388 0.4564 0.5104 0.5164 0.5362 0.5176 0.5324 0.5074 0.5018 0.5128 0.4662 0.4492 0.5328 0.5404 0.4512 0.172035 0.0784790.172035 0.5702

120 0.3224 0.275 0.286 0.4312 0.3944 0.3338 0.4352 0.3858 0.3624 0.3832 0.4132 0.3272 0.3842 0.3876 0.4068 0.398 0.4132 0.3854 0.3678 0.3928 0.3528 0.328 0.4076 0.417 0.3452 0.072137 0.0723890.072137 0.4352

125 0.2136 0.167 0.1916 0.3024 0.2732 0.2154 0.3164 0.2718 0.241 0.259 0.2908 0.2126 0.2558 0.2606 0.2902 0.2786 0.2904 0.258 0.2462 0.2758 0.2382 0.2144 0.2804 0.2898 0.2362 -0.02491 0.065703-0.02491 0.3164

130 0.1058 0.06 0.0966 0.1732 0.1532 0.0976 0.1938 0.1594 0.1212 0.1362 0.177 0.099 0.1286 0.1346 0.175 0.1564 0.1666 0.1332 0.124 0.1612 0.1196 0.0972 0.1574 0.1648 0.1174 -0.12198 0.059949-0.12198 0.1938

135 0.007 -0.0316 -0.0004 0.0522 0.0456 -0.0116 0.0818 0.0496 0.0182 0.0348 0.0674 -0.0124 0.0092 0.0076 0.0424 0.0308 0.047 0.0086 0.0088 0.0374 -0.0114 -0.0224 0.0262 0.0494 -0.0384 -0.222 0.056448 -0.222 0.0818

140 -0.0932 -0.1234 -0.1052 -0.0652 -0.0612 -0.1196 -0.0246 -0.0604 -0.083 -0.0642 -0.036 -0.1214 -0.1104 -0.1204 -0.091 -0.0914 -0.0696 -0.1138 -0.1026 -0.0882 -0.1436 -0.1378 -0.107 -0.0654 -0.186 -0.32202 0.056521-0.32202 -0.0246

145 -0.1918 -0.2254 -0.2078 -0.1628 -0.1608 -0.2162 -0.1276 -0.163 -0.1804 -0.1666 -0.1402 -0.2284 -0.2156 -0.231 -0.1988 -0.2114 -0.1778 -0.2298 -0.2212 -0.2094 -0.2608 -0.253 -0.2268 -0.1894 -0.2774 -0.42133 0.056098-0.42133 -0.1276

150 -0.2912 -0.328 -0.3116 -0.26 -0.2612 -0.3122 -0.2288 -0.2646 -0.2804 -0.2704 -0.2474 -0.3404 -0.3188 -0.34 -0.3062 -0.3278 -0.2882 -0.3474 -0.343 -0.3334 -0.3788 -0.3666 -0.3444 -0.3118 -0.3612 -0.52064 0.056746-0.52064 -0.2288

155 -0.3976 -0.438 -0.4218 -0.3614 -0.3652 -0.4136 -0.3278 -0.3634 -0.381 -0.3672 -0.3414 -0.4158 -0.4226 -0.4506 -0.4224 -0.4444 -0.4198 -0.4734 -0.4618 -0.4534 -0.4958 -0.4786 -0.4354 -0.398 -0.4298 -0.61899 0.058695-0.61899 -0.3278

160 -0.5042 -0.546 -0.5278 -0.4628 -0.4694 -0.5168 -0.4288 -0.4616 -0.4812 -0.4634 -0.4288 -0.4656 -0.5256 -0.558 -0.5376 -0.5636 -0.5518 -0.5986 -0.576 -0.5688 -0.6094 -0.5926 -0.5248 -0.481 -0.498 -0.71732 0.064626-0.71732 -0.4288

165 -0.6028 -0.6472 -0.6156 -0.5674 -0.572 -0.62 -0.525 -0.5588 -0.5808 -0.5382 -0.4882 -0.5366 -0.633 -0.6528 -0.6458 -0.6718 -0.6594 -0.7012 -0.675 -0.6784 -0.7048 -0.6896 -0.5958 -0.553 -0.5902 -0.81145 0.070788-0.81145 -0.4882

170 -0.6976 -0.7454 -0.7004 -0.6716 -0.6736 -0.7226 -0.618 -0.657 -0.6812 -0.6092 -0.5466 -0.6202 -0.7414 -0.7504 -0.754 -0.7794 -0.764 -0.7986 -0.7732 -0.7738 -0.7978 -0.7886 -0.6676 -0.6262 -0.6912 -0.90559 0.077628-0.90559 -0.5466

175 -0.7844 -0.8252 -0.776 -0.7758 -0.7726 -0.825 -0.7178 -0.7524 -0.75 -0.6888 -0.6432 -0.7102 -0.8426 -0.8426 -0.8508 -0.8932 -0.8642 -0.8974 -0.8772 -0.8686 -0.8928 -0.8762 -0.7788 -0.7386 -0.798 -0.99861 0.078734-0.99861 -0.6432

180 -0.8706 -0.9042 -0.8506 -0.8806 -0.8728 -0.9274 -0.8182 -0.8488 -0.8162 -0.769 -0.7466 -0.8054 -0.9378 -0.9338 -0.9492 -1.0054 -0.965 -0.9964 -0.9812 -0.964 -0.9876 -0.9368 -0.89 -0.8528 -0.9066 -1.09162 0.079784-1.09162 -0.7466

185 -0.966 -0.9822 -0.908 -0.9926 -0.9824 -1.0296 -0.9134 -0.9448 -0.9126 -0.8706 -0.8544 -0.9008 -1.0284 -1.0274 -1.063 -1.1108 -1.0776 -1.0922 -1.0816 -1.0548 -1.0852 -1.01 -0.992 -0.9516 -1.0292 -1.1949 0.081883 -1.1949 -0.8544

190 -1.0612 -1.0564 -0.9672 -1.1036 -1.0912 -1.132 -1.0086 -1.0364 -1.0096 -0.971 -0.955 -0.999 -1.1258 -1.1222 -1.1772 -1.2116 -1.1902 -1.1904 -1.1844 -1.1582 -1.1754 -1.1134 -1.0978 -1.0554 -1.1554 -1.29821 0.086514-1.29821 -0.955

195 -1.1448 -1.1114 -1.0604 -1.2132 -1.2024 -1.238 -1.1148 -1.1098 -1.11 -1.0728 -1.0508 -1.0998 -1.2334 -1.2446 -1.2892 -1.3156 -1.2944 -1.3 -1.3032 -1.2748 -1.2742 -1.2576 -1.2132 -1.191 -1.3056 -1.4047 0.094587 -1.4047 -1.0508

200 -1.2298 -1.1764 -1.1556 -1.3226 -1.3132 -1.3436 -1.2238 -1.1896 -1.211 -1.1758 -1.1454 -1.1986 -1.3406 -1.3664 -1.3978 -1.422 -1.3988 -1.4112 -1.4216 -1.3954 -1.3784 -1.3962 -1.3276 -1.32 -1.4494 -1.51118 0.104369-1.51118 -1.1454

205 -1.3196 -1.2754 -1.2642 -1.4272 -1.4206 -1.4494 -1.3188 -1.2992 -1.317 -1.2844 -1.255 -1.298 -1.435 -1.474 -1.4914 -1.5308 -1.5104 -1.5288 -1.5288 -1.5096 -1.4978 -1.4936 -1.4446 -1.429 -1.56 -1.61848 0.106493-1.61848 -1.255

210 -1.4108 -1.3796 -1.377 -1.5316 -1.5278 -1.5558 -1.4138 -1.4166 -1.425 -1.3966 -1.3686 -1.4134 -1.528 -1.5806 -1.5866 -1.64 -1.6198 -1.6388 -1.637 -1.6092 -1.614 -1.5838 -1.562 -1.5442 -1.6724 -1.72581 0.10602-1.72581 -1.3686

215 -1.5056 -1.5046 -1.51 -1.6356 -1.6364 -1.667 -1.533 -1.5498 -1.5486 -1.5276 -1.484 -1.5618 -1.6444 -1.6848 -1.6954 -1.7522 -1.7278 -1.7442 -1.7402 -1.6612 -1.6954 -1.6798 -1.6728 -1.6498 -1.7614 -1.83106 0.095675-1.83106 -1.484

220 -1.6036 -1.6294 -1.6404 -1.7384 -1.7454 -1.7806 -1.656 -1.6782 -1.6736 -1.658 -1.6088 -1.7006 -1.7618 -1.7884 -1.807 -1.8632 -1.8348 -1.8486 -1.77075 -1.7342 -1.78 -1.7832 -1.7828 -1.7548 -1.8446 -1.79099 0.076551 -1.8632 -1.6036

225 -1.7192 -1.754 -1.763 -1.8454 -1.8582 -1.8698 -1.7858 -1.8034 -1.8146 -1.7838 -1.752 -1.835 -1.8786 -1.8966 -1.9412 -1.982 -1.9272 -1.9268 -1.8285 -1.844 -1.8766 -1.8896 -1.881 -1.8694 -1.938 -1.86977 0.066007 -1.982 -1.7192

230 -1.8364 -1.8802 -1.8902 -1.9552 -1.9712 -1.9598 -1.9168 -1.9296 -1.955 -1.9132 -1.8966 -1.963 -1.9954 -2.0062 -2.0718 -2.098 -2.0194 -2.0108 -1.89075 -1.9594 -1.9704 -1.9938 -1.975 -1.9838 -2.0368 -1.94859 0.05981 -2.098 -1.8364

235 -1.9604 -2.008 -2.0324 -2.0696 -2.0806 -2.0818 -2.0362 -2.0674 -2.0848 -2.0504 -2.016 -2.085 -2.1134 -2.122 -2.1912 -2.2006 -2.109 -2.105 -1.99525 -2.0798 -2.0664 -2.081 -2.0874 -2.086 -2.1566 -2.02392 0.055274 -2.2006 -1.9604

240 -2.0884 -2.133 -2.17 -2.1854 -2.1908 -2.2042 -2.157 -2.2038 -2.2134 -2.1888 -2.1334 -2.2166 -2.2312 -2.24975 -2.311 -2.3032 -2.2002 -2.2022 -2.09175 -2.1702 -2.1666 -2.1744 -2.2008 -2.19 -2.2804 -2.09926 0.05666 -2.311 -2.0884

245 -2.2252 -2.2518 -2.2978 -2.3064 -2.299 -2.3358 -2.2792 -2.332 -2.3464 -2.3254 -2.2726 -2.3602 -2.3422 -2.36475 -2.417 -2.3762 -2.2894 -2.3046 -2.1695 -2.286 -2.2994 -2.3164 -2.3132 -2.304 -2.4004 -2.16988 0.058945 -2.417 -2.1695

250 -2.358 -2.369 -2.4234 -2.4252 -2.404 -2.4658 -2.4018 -2.4576 -2.476 -2.4508 -2.4054 -2.5024 -2.4564 -2.47925 -2.5246 -2.451 -2.3822 -2.4128 -2.14433 -2.4092 -2.4336 -2.4594 -2.4298 -2.4182 -2.5172 -2.09167 0.096739 -2.5246 -2.09167

255 -2.4748 -2.4922 -2.5534 -2.5368 -2.5124 -2.5676 -2.5332 -2.581 -2.6008 -2.569 -2.5474 -2.6526 -2.5872 -2.58425 -2.6278 -2.5442 -2.4954 -2.5328 -2.29567 -2.5414 -2.578 -2.598 -2.5518 -2.537 -2.534 -2.17006 0.098083 -2.6526 -2.17006

260 -2.6002 -2.34733 -2.686 -2.6486 -2.54275 -2.6724 -2.509 -2.7062 -2.7282 -2.5415 -2.6952 -2.7804 -2.6655 -2.664 -2.728 -2.6408 -2.612 -2.644 -2.306 -2.683 -2.705 -2.74 -2.68 -2.572 -2.52667 -2.24846 0.133997 -2.7804 -2.24846

265 -2.7352 -2.477 -2.8162 -2.7582 -2.6865 -2.7986 -2.62225 -2.8342 -2.8622 -2.70075 -2.8186 -2.84775 -2.78575 -2.75233 -2.8358 -2.7606 -2.739 -2.7806 -2.153 -2.811 -2.85425 -2.8984 -2.8058 -2.711 -2.675 -2.32633 0.169048 -2.8984 -2.153

270 -2.74075 -2.379 -2.9476 -2.8664 -2.668 -2.757 -2.67467 -2.78667 -2.863 -2.594 -2.9438 -2.80767 -2.417 -2.439 -2.9388 -2.826 -2.865 -2.88125 -2.314 -2.541 -2.91833 -3.0528 -2.932 -2.861 -2.82367 -2.40421 0.208162 -3.0528 -2.314

275 -2.88025 -2.539 -3.0762 -2.9712 -2.81733 -2.88233 -2.80633 -2.91633 -3.0015 -2.723 -3.0792 -2.98267 -2.539 -2.563 -2.9984 -2.98675 -3.0188 -2.90967 -2.531 -2.682 -2.889 -3.1892 -3.06 -3.01675 -2.96033 -2.48619 0.198964 -3.1892 -2.48619

280 -2.6255 -2.544 -2.99533 -3.0852 -2.96667 -2.559 -2.864 -2.636 -3.044 -2.451 -3.2144 -2.585 -2.663 -3.0752 -3.04067 -3.12425 -3.008 -2.486 -2.85 -3.26625 -3.16925 -3.15375 -2.9575 -2.61634 0.258666-3.26625 -2.451

285 -2.8185 -2.748 -3.12633 -3.18375 -3.137 -2.694 -2.979 -2.756 -3.0755 -2.683 -3.3592 -2.805 -3.1896 -3.22167 -3.27875 -3.1535 -2.714 -3.064 -3.391 -3.34625 -3.28425 -2.818 -2.69826 0.245857 -3.391 -2.683

290 -3.013 -3.25933 -3.188 -2.783 -3.0935 -2.883 -2.925 -3.4958 -3.027 -3.306 -2.987 -3.2345 -2.948 -3.736 -3.50725 -3.015 0.260098 -3.736 -2.783

295 -3.2615 -3.2895 -3.335 -2.992 -3.071 -3.136 -3.58025 -3.267 -3.4916 -3.153 -3.381 -3.8185 -3.6515 -3.177 0.234905 -3.8185 -2.992

300 -3.666 -3.306 -3.045 -3.2 -3.6235 -3.58325 -3.317 -3.321 -3.875 -3.6215 0.255126 -3.875 -3.045

305 -3.446 -3.222 -3.409 -3.715 -3.672 -3.453 -3.481 -3.878 -3.6615 0.198292 -3.878 -3.222

310 -3.4 -3.6 -3.849 -3.796 -3.585 -3.656 0.161335 -3.849 -3.4

315 -3.576 -3.681 -3.837 -3.891 -3.659 -3.718 0.117148 -3.891 -3.576

320 -3.732 -3.95467 -3.73 -3.783 0.106042-3.95467 -3.73

325 -3.793 -3.964 -3.745 -3.868 0.095514 -3.964 -3.745

330 -4.0435 -3.76 -3.943 0.143737 -4.0435 -3.76

335 -3.91 -3.964 0.038184 -3.964 -3.91

340 -3.885 -3.985 0.070711 -3.985 -3.885

345 -3.927 -4.004 0.054447 -4.004 -3.927

350 -4.025 -4.025 -4.025

355 -4.053 -4.053 -4.053

Average level 0.359521 0.353305 0.338218 0.323889 0.334232 0.290294 0.395163 0.352546 0.337138 0.365831 0.41419 0.320677 0.341549 0.321776 0.280814 0.263347 0.305136 0.280541 0.330263 0.319578 0.265615 0.259354 0.328546 0.352937 0.273363 0.088221 0.038184

intersurvey average beach level change -0.00622 -0.01509 -0.01433 0.010343 -0.04394 0.104869 -0.04262 -0.01541 0.028694 0.048359 -0.09351 0.020872 -0.01977 -0.04096 -0.01747 0.041788 -0.02459 0.049722 -0.01068 -0.05396 -0.00626 0.069193 0.02439 -0.07957 -0.18514 0.492935

Cumulative average beach level change -0.00622 -0.0213 -0.03563 -0.02529 -0.06923 0.035642 -0.00697 -0.02238 0.00631 0.054669 -0.03884 -0.01797 -0.03775 -0.07871 -0.09617 -0.05439 -0.07898 -0.02926 -0.03994 -0.09391 -0.10017 -0.03097 -0.00658 -0.08616 -0.2713


image56.emf
Distance (m) Nov-08 Dec-08 Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-19 STDEV MIN MAX

0 8.29568 8.30992 8.32772 8.4722 8.44656 8.46436 8.47452 8.49408 8.43156 8.44016 8.45105 8.45104 8.46808 8.453 8.52088 8.43048 8.5194 8.53724 8.45748 8.33435 8.4768 8.47052 8.296 8.4508 8.43644 7.836240.135714 7.83624 8.537

5 7.02208 6.85512 6.95588 7.00828 7.01596 7.04468 7.23608 7.19268 7.07484 7.13008 7.30212 7.15688 7.0876 7.148 7.15044 7.10912 7.20428 7.1424 7.18968 7.18448 7.13172 7.16476 7.06452 7.0856 7.157 7.2527550.097134 6.85512 7.302

10 5.8254 5.82004 5.82572 5.81876 5.85904 5.8954 6.14884 5.96992 5.92016 5.96724 6.08668 6.05244 5.807 5.99144 6.0308 6.05628 6.07044 6.0966 6.16296 6.13268 6.08352 6.05376 6.1708 6.0754 6.19692 6.6692690.179458 5.807 6.669

15 5.32216 5.30388 5.2106 5.2398 5.32508 5.37304 5.58904 5.41372 5.39188 5.4292 5.52252 5.49792 5.39256 5.36532 5.45992 5.5054 5.55372 5.58708 5.582 5.5642 5.5834 5.54372 5.66596 5.59504 5.69124 5.9928120.164308 5.2106 5.993

20 4.93024 4.9154 4.80056 4.84104 4.95628 5.02744 5.16568 5.05056 5.032 5.06528 5.16404 5.118 5.01724 4.97548 5.03704 5.11752 5.16596 5.2074 5.1988 5.18852 5.2242 5.17916 5.27244 5.17696 5.2308 5.3163550.132962 4.80056 5.316

25 4.65608 4.61604 4.47804 4.54856 4.65964 4.70524 4.91648 4.76388 4.745 4.78332 4.88268 4.837 4.65928 4.69748 4.73736 4.8248 4.90624 4.96044 4.96528 4.94044 4.99012 4.91136 4.99972 4.86036 4.9244 4.9898570.146703 4.47804 5.000

30 4.41884 4.37244 4.2184 4.27436 4.38676 4.40128 4.744 4.48852 4.4694 4.51156 4.62048 4.578 4.3172 4.34928 4.4172 4.51508 4.64664 4.7086 4.71592 4.69876 4.76356 4.64968 4.753 4.5998 4.67716 4.663360.162463 4.2184 4.764

35 4.15864 4.13684 4.02848 4.00588 4.10668 4.1378 4.41632 4.2566 4.24296 4.2834 4.38908 4.34564 4.05008 4.05488 4.10688 4.24908 4.4084 4.45072 4.45036 4.45356 4.52116 4.42184 4.49972 4.36404 4.42088 4.346450.162198 4.00588 4.521

40 3.90516 3.90564 3.8282 3.74312 3.79676 3.847 4.0754 3.99496 3.99552 4.03428 4.14104 4.09272 3.78792 3.82304 3.8384 4.02852 4.21072 4.23008 4.22048 4.23892 4.30328 4.22528 4.26636 4.16688 4.1948 4.0295360.175188 3.74312 4.303

45 3.62732 3.68252 3.63796 3.4062 3.50576 3.5614 3.85028 3.77132 3.76696 3.78428 3.87408 3.85248 3.51184 3.61364 3.64228 3.81876 3.98952 3.97848 4.00464 4.05464 4.03912 3.96884 3.98576 3.965 3.98028 3.743628 0.18769 3.4062 4.055

50 3.36204 3.45892 3.39508 3.12332 3.2014 3.29568 3.63844 3.56064 3.56116 3.56848 3.64796 3.66212 3.24464 3.3608 3.40992 3.6032 3.74 3.75164 3.78388 3.84752 3.77124 3.7168 3.70392 3.72612 3.74128 3.4577150.201441 3.12332 3.848

55 3.16004 3.25704 3.16652 2.87156 2.9444 3.11716 3.40836 3.30884 3.3552 3.36836 3.43156 3.43468 3.00996 3.13836 3.2164 3.3848 3.45644 3.4532 3.53668 3.55188 3.48972 3.5076 3.45996 3.47772 3.47856 3.1611320.191033 2.87156 3.552

60 2.92612 2.98476 2.96412 2.65716 2.7168 2.93872 3.17956 3.08592 3.17144 3.17732 3.2154 3.19804 2.78056 2.91164 3.0186 3.1256 3.17124 3.1492 3.28768 3.274 3.19428 3.25032 3.22148 3.198 3.20464 2.864549 0.17786 2.65716 3.288

65 2.72324 2.734 2.76816 2.4278 2.57792 2.76624 2.948 2.90444 2.9742 2.98228 3.01084 2.99564 2.58672 2.7152 2.83004 2.87484 2.91992 2.87308 2.97996 2.98732 2.92816 2.96832 3.00804 2.94524 2.96572 2.609770.160334 2.4278 3.011

70 2.47124 2.50868 2.58348 2.28104 2.4528 2.58872 2.72952 2.7042 2.72572 2.73024 2.76332 2.77092 2.39476 2.49516 2.64588 2.60556 2.65448 2.5968 2.64884 2.67608 2.63172 2.72424 2.72572 2.70236 2.71844 2.3549920.133428 2.28104 2.771

75 2.2334 2.29772 2.3928 2.1356 2.3186 2.3984 2.55296 2.5012 2.47388 2.4724 2.5278 2.52948 2.21212 2.29904 2.42136 2.32228 2.39688 2.30744 2.36452 2.38812 2.36016 2.47864 2.4566 2.45772 2.48096 2.0857240.1204762.085724 2.553

80 2.04216 2.10208 2.20352 1.98832 2.1796 2.2106 2.31948 2.2914 2.23364 2.22244 2.29784 2.26952 2.03336 2.17116 2.19404 2.0662 2.11356 2.02248 2.073 2.10452 2.09008 2.1868 2.2028 2.21916 2.22856 1.8164610.1136851.816461 2.319

85 1.85868 1.91904 2.02424 1.864 2.01608 2.01256 2.09352 2.06144 2.00304 1.978 2.07392 2.03704 1.87244 2.01264 1.93476 1.81092 1.86636 1.77744 1.84428 1.89004 1.85964 1.93688 1.98128 1.996 1.98324 1.5972950.1099131.597295 2.094

90 1.68956 1.7438 1.8466 1.74364 1.84692 1.81672 1.885 1.80636 1.77072 1.74416 1.85036 1.8094 1.71532 1.82908 1.68 1.56872 1.64496 1.53464 1.62316 1.6568 1.63972 1.69528 1.76756 1.77472 1.75564 1.3781280.1142341.378128 1.885

95 1.5278 1.5698 1.67 1.60776 1.666 1.62152 1.67128 1.58732 1.55676 1.52304 1.65744 1.61724 1.56572 1.62072 1.4452 1.37044 1.45076 1.3602 1.45172 1.44536 1.44248 1.46704 1.5668 1.55852 1.53704 1.1610940.1170161.161094 1.671

100 1.36916 1.39148 1.492 1.47196 1.48548 1.42372 1.47268 1.36328 1.34904 1.30552 1.46844 1.42996 1.41056 1.41484 1.22184 1.1858 1.26648 1.18488 1.25968 1.23968 1.24512 1.22256 1.38008 1.3548 1.32812 0.94406 0.12507 0.94406 1.492

105 1.2092 1.21876 1.31808 1.325 1.30456 1.2426 1.28812 1.1574 1.1634 1.18716 1.29292 1.25104 1.23156 1.22716 1.0326 1.02092 1.08268 1.00896 1.07232 1.05044 1.0536 1.01656 1.18448 1.16124 1.13772 0.7586770.1289430.758677 1.325

110 1.04744 1.05132 1.14668 1.17552 1.1228 1.06352 1.11968 0.9882 0.98472 1.0694 1.12664 1.06688 1.05276 1.0378 0.84476 0.87788 0.90696 0.835 0.893 0.86844 0.87548 0.822 0.99168 0.97196 0.9514 0.573295 0.13352 0.573295 1.176

115 0.88792 0.90084 0.9808 1.00624 0.94244 0.89976 0.95776 0.84344 0.84408 0.92536 0.96516 0.88768 0.87248 0.84988 0.68324 0.75032 0.74528 0.67148 0.70396 0.69516 0.70644 0.64824 0.81196 0.79988 0.77084 0.4104020.1335490.410402 1.006

120 0.73108 0.7504 0.8164 0.84104 0.76348 0.73876 0.79984 0.70916 0.71268 0.78584 0.80684 0.72164 0.69384 0.66872 0.52796 0.6118 0.58664 0.50848 0.53076 0.52756 0.53656 0.505 0.63812 0.6276 0.59804 0.2475040.1342380.247504 0.841

125 0.58632 0.6078 0.66572 0.68628 0.59904 0.58568 0.65788 0.57296 0.5868 0.6342 0.65296 0.56332 0.51756 0.50072 0.38244 0.48372 0.43828 0.35 0.36784 0.37336 0.39044 0.36768 0.48228 0.46176 0.44324 0.1102270.1329730.110227 0.686

130 0.44536 0.4732 0.51452 0.54324 0.43904 0.43692 0.52296 0.44148 0.48824 0.49364 0.4972 0.407 0.34432 0.33072 0.2456 0.34748 0.29052 0.19304 0.221 0.23564 0.24672 0.22984 0.33188 0.30296 0.29408 -0.027050.133846 -0.02705 0.543

135 0.3188 0.34508 0.37332 0.41244 0.28872 0.29308 0.39436 0.31432 0.36884 0.34916 0.33788 0.26732 0.18184 0.16352 0.11048 0.20276 0.1452 0.04872 0.08756 0.09768 0.09792 0.08392 0.19524 0.15168 0.13992 -0.150430.135144 -0.15043 0.412

140 0.19616 0.22592 0.23576 0.28576 0.14016 0.15448 0.26708 0.18672 0.231 0.20056 0.1952 0.14432 0.02092 0.00492 -0.0248 0.05992 0.00588 -0.09396 -0.04592 -0.03884 -0.05172 -0.06356 0.0608 -0.00148 -0.0108 -0.273810.138006 -0.27381 0.286

145 0.07564 0.09632 0.09164 0.15744 0.00264 0.02216 0.13808 0.064 0.09332 0.05628 0.06576 0.03012 -0.13192 -0.141 -0.14956 -0.07868 -0.12276 -0.22036 -0.17984 -0.17608 -0.19756 -0.2138 -0.08236 -0.15768 -0.14348 -0.395920.139891 -0.39592 0.157

150 -0.03724 -0.0358 -0.05372 0.0208 -0.12784 -0.09904 0.00844 -0.01692 -0.04868 -0.08768 -0.06428 -0.08128 -0.28476 -0.2832 -0.26764 -0.21096 -0.25704 -0.34568 -0.3126 -0.31288 -0.33096 -0.35932 -0.23228 -0.30556 -0.27664 -0.51804 0.14303 -0.51804 0.021

155 -0.15752 -0.1766 -0.18696 -0.12248 -0.25404 -0.21032 -0.11596 -0.13828 -0.1934 -0.21464 -0.18788 -0.20116 -0.43432 -0.41072 -0.38548 -0.34808 -0.40696 -0.47828 -0.44896 -0.44628 -0.46676 -0.49272 -0.38528 -0.4308 -0.39976 -0.639440.144401 -0.63944 -0.116

160 -0.28044 -0.3176 -0.31916 -0.27636 -0.37788 -0.32116 -0.23616 -0.26152 -0.34064 -0.34368 -0.31436 -0.32672 -0.58312 -0.5354 -0.50012 -0.49072 -0.55196 -0.61052 -0.585 -0.57536 -0.60648 -0.62772 -0.53996 -0.5554 -0.5194 -0.760840.145511 -0.76084 -0.236

165 -0.41196 -0.45484 -0.45312 -0.43168 -0.487 -0.4336 -0.3542 -0.40476 -0.49456 -0.47604 -0.45344 -0.47632 -0.7304 -0.66056 -0.59736 -0.63176 -0.68088 -0.73824 -0.7162 -0.70828 -0.74056 -0.75432 -0.66756 -0.6802 -0.64864 -0.875180.142327 -0.87518 -0.354

170 -0.54932 -0.59648 -0.58868 -0.59332 -0.59272 -0.55212 -0.4776 -0.5646 -0.65284 -0.61324 -0.59612 -0.63064 -0.87648 -0.78448 -0.6936 -0.77528 -0.8068 -0.86512 -0.83964 -0.84036 -0.86796 -0.87472 -0.79612 -0.79324 -0.77384 -0.989530.136504 -0.98953 -0.478

175 -0.70028 -0.73644 -0.727 -0.75476 -0.71792 -0.6914 -0.64616 -0.73628 -0.7916 -0.78076 -0.76004 -0.79004 -1.01152 -0.90452 -0.79676 -0.92384 -0.94024 -0.99008 -0.95844 -0.95472 -0.98116 -0.99464 -0.92536 -0.91152 -0.8864 -1.102120.122767 -1.10212 -0.646

180 -0.86332 -0.88404 -0.86572 -0.91112 -0.84896 -0.84048 -0.83024 -0.92636 -0.93124 -0.9458 -0.92932 -0.94948 -1.14076 -1.02676 -0.91044 -1.06968 -1.0702 -1.11208 -1.07624 -1.0616 -1.08652 -1.09856 -1.0358 -1.03016 -0.99672 -1.214710.105306 -1.21471 -0.830

185 -1.0244 -1.03664 -1.0036 -1.05172 -1.00528 -1.01552 -1.04268 -1.09516 -1.09312 -1.10312 -1.10008 -1.09796 -1.26128 -1.14868 -1.0586 -1.20676 -1.19852 -1.21764 -1.19252 -1.17556 -1.20124 -1.1978 -1.1482 -1.14452 -1.12544 -1.331640.085065 -1.33164 -1.004

190 -1.18244 -1.18948 -1.14504 -1.18812 -1.17264 -1.1972 -1.26012 -1.25228 -1.25152 -1.2606 -1.2678 -1.2492 -1.37836 -1.27144 -1.20844 -1.34432 -1.32604 -1.32348 -1.30748 -1.29004 -1.30928 -1.30108 -1.26156 -1.25848 -1.25248 -1.448570.068035 -1.44857 -1.145

195 -1.33416 -1.33688 -1.30228 -1.31924 -1.34388 -1.3706 -1.41496 -1.39676 -1.4096 -1.41356 -1.40156 -1.40676 -1.47708 -1.40052 -1.36904 -1.48452 -1.44848 -1.4382 -1.42204 -1.40656 -1.40584 -1.40772 -1.37344 -1.3898 -1.36952 -1.564920.055271 -1.56492 -1.302

200 -1.48596 -1.48268 -1.46332 -1.44612 -1.51704 -1.54052 -1.56196 -1.53272 -1.5616 -1.56596 -1.53348 -1.56292 -1.57592 -1.52948 -1.52916 -1.6138 -1.56956 -1.55264 -1.53472 -1.52428 -1.50488 -1.51544 -1.48612 -1.5232 -1.49708 -1.681270.048134 -1.68127 -1.446

205 -1.63152 -1.63288 -1.62984 -1.58364 -1.68612 -1.71548 -1.70336 -1.67904 -1.7146 -1.72388 -1.7066 -1.719 -1.6736 -1.6618 -1.68528 -1.72556 -1.69428 -1.66536 -1.64956 -1.64492 -1.61136 -1.62252 -1.61632 -1.6484 -1.6476 -1.80716 0.0479 -1.80716 -1.584

210 -1.77616 -1.77912 -1.7934 -1.71752 -1.84816 -1.88716 -1.83096 -1.82192 -1.87 -1.88072 -1.87992 -1.87808 -1.7726 -1.79732 -1.85092 -1.8206 -1.81476 -1.77756 -1.7674 -1.75864 -1.7258 -1.73596 -1.7484 -1.77504 -1.79528 -1.858430.051263 -1.88716 -1.718

215 -1.91972 -1.93072 -1.9616 -1.86912 -2.00868 -2.0408 -1.9626 -1.98976 -2.02552 -2.04172 -2.0184 -2.03876 -1.88288 -1.94216 -1.99868 -1.92124 -1.92656 -1.89324 -1.89344 -1.86364 -1.85568 -1.87496 -1.88436 -1.8507 -1.94768 -1.982780.062884 -2.04172 -1.851

220 -2.05652 -2.08308 -2.12668 -2.02748 -2.16608 -2.19372 -2.0884 -2.14624 -2.17772 -2.2058 -2.15616 -2.20012 -1.99276 -2.08648 -2.142 -2.02924 -2.03776 -2.02992 -2.00235 -1.98964 -1.9872 -2.02364 -2.02096 -1.9882 -2.11812 -1.802420.091456 -2.2058 -1.802

225 -2.19744 -2.2404 -2.2824 -2.18248 -2.31344 -2.31796 -2.22036 -2.29968 -2.32012 -2.34996 -2.3156 -2.3608 -2.10612 -2.22452 -2.28484 -2.1388 -2.14744 -2.15176 -2.1183 -2.1204 -2.11872 -2.16952 -2.17 -2.14235 -2.3474 -1.910210.104536 -2.3608 -1.910

230 -2.33268 -2.38884 -2.43724 -2.34004 -2.45284 -2.3677 -2.36456 -2.45152 -2.36675 -2.37255 -2.46952 -2.5098 -2.22428 -2.35964 -2.40876 -2.2546 -2.25688 -2.27256 -2.25894 -2.24728 -2.1951 -2.30916 -2.3196 -2.2982 -2.53716 -1.948590.119009 -2.53716 -1.949

235 -2.47908 -2.536 -2.58628 -2.49092 -2.57692 -2.4857 -2.50105 -2.58928 -2.3776 -2.36513 -2.6132 -2.6412 -2.35988 -2.4966 -2.51824 -2.37892 -2.3732 -2.357 -2.39706 -2.39736 -2.1612 -2.4642 -2.46488 -2.43775 -2.61952 -2.023920.138259 -2.6412 -2.024

240 -2.63148 -2.6848 -2.62925 -2.63848 -2.69576 -2.60505 -2.621 -2.62395 -2.51747 -2.5156 -2.75448 -2.69015 -2.42573 -2.63135 -2.6176 -2.51384 -2.48964 -2.4908 -2.53319 -2.53904 -2.2868 -2.62808 -2.60656 -2.43433 -2.69668 -2.099260.139434 -2.75448 -2.099

245 -2.78824 -2.82596 -2.7712 -2.78208 -2.8136 -2.5836 -2.7363 -2.604 -2.6518 -2.6608 -2.88132 -2.6834 -2.55807 -2.74755 -2.7288 -2.64984 -2.61288 -2.62115 -2.65363 -2.70325 -2.4457 -2.79248 -2.72484 -2.57333 -2.78228 -2.169880.143165 -2.88132 -2.170

250 -2.829 -2.86475 -2.90985 -2.92324 -2.9238 -2.70093 -2.8522 -2.7302 -2.78633 -2.79927 -3.00708 -2.8088 -2.68613 -2.86265 -2.85352 -2.7834 -2.74464 -2.6376 -2.61411 -2.7754 -2.6048 -2.95128 -2.76195 -2.6411 -2.9118 -2.091670.175887 -3.00708 -2.092

255 -2.81693 -2.7511 -2.88747 -3.05596 -3.03288 -2.7328 -2.6446 -2.78 -2.9116 -2.8185 -3.0561 -2.92953 -2.7246 -2.96525 -2.98376 -2.91044 -2.89168 -2.78693 -2.29567 -2.7147 -2.756 -3.0932 -2.80693 -2.763 -3.032 -2.170060.212919 -3.0932 -2.170

260 -2.96507 -2.74317 -3.012 -3.18612 -3.04344 -2.8442 -2.706 -2.7062 -2.9221 -2.5415 -3.05507 -3.03847 -2.6655 -2.998 -3.1134 -2.9687 -3.0366 -2.92533 -2.306 -2.683 -2.705 -3.237 -2.95067 -2.8415 -3.11822 -2.248460.247471 -3.237 -2.248

265 -2.9916 -2.477 -3.0416 -3.28964 -3.20883 -2.7986 -2.84263 -2.8342 -2.8622 -2.70075 -3.0448 -2.84775 -2.78575 -2.96644 -3.19356 -3.09265 -3.11575 -3.0462 -2.153 -2.811 -2.85425 -3.30985 -3.04693 -2.711 -3.037 -2.326330.274747 -3.30985 -2.153

270 -2.74075 -2.379 -3.1708 -3.21313 -3.0255 -2.757 -2.67467 -2.78667 -2.863 -2.594 -3.1714 -2.80767 -2.417 -2.778 -3.26296 -3.20967 -3.128 -2.88125 -2.314 -2.541 -2.91833 -3.3036 -3.11 -2.861 -3.20633 -2.404210.300949 -3.3036 -2.314

275 -2.88025 -2.539 -3.0762 -3.31573 -3.16767 -2.88233 -2.80633 -2.91633 -3.0015 -2.723 -3.3286 -2.98267 -2.539 -2.903 -3.32728 -3.17638 -3.2359 -2.90967 -2.531 -2.682 -2.889 -3.3921 -3.245 -3.01675 -2.96033 -2.486190.267984 -3.3921 -2.486

280 -2.6255 -2.544 -2.99533 -3.3694 -3.30983 -2.559 -2.864 -2.636 -3.044 -2.451 -3.4852 -2.585 -2.663 -3.408 -3.3038 -3.23333 -3.12425 -3.008 -2.486 -2.85 -3.50863 -3.38563 -3.15375 -2.9575 -2.616340.348708 -3.50863 -2.451

285 -2.8185 -2.748 -3.12633 -3.18375 -3.137 -2.694 -2.979 -2.756 -3.0755 -2.683 -3.3592 -2.805 -3.34953 -3.22167 -3.27875 -3.1535 -2.714 -3.064 -3.391 -3.34625 -3.28425 -2.818 -2.698260.252949 -3.391 -2.683

290 -3.013 -3.25933 -3.188 -2.783 -3.0935 -2.883 -2.925 -3.4958 -3.027 -3.51567 -2.987 -3.2345 -2.948 -3.736 -3.50725 -3.015 0.273418 -3.736 -2.783

295 -3.2615 -3.2895 -3.335 -2.992 -3.071 -3.136 -3.58025 -3.267 -3.4916 -3.153 -3.381 -3.8185 -3.6515 -3.177 0.234905 -3.8185 -2.992

300 -3.666 -3.306 -3.045 -3.2 -3.6235 -3.58325 -3.317 -3.321 -3.875 -3.6215 0.255126 -3.875 -3.045

305 -3.446 -3.222 -3.409 -3.715 -3.672 -3.453 -3.481 -3.878 -3.6615 0.198292 -3.878 -3.222

310 -3.4 -3.6 -3.849 -3.796 -3.585 -3.656 0.161335 -3.849 -3.400

315 -3.576 -3.681 -3.837 -3.891 -3.659 -3.718 0.117148 -3.891 -3.576

320 -3.732 -3.95467 -3.73 -3.783 0.106042 -3.95467 -3.730

325 -3.793 -3.964 -3.745 -3.868 0.095514 -3.964 -3.745

330 -4.0435 -3.76 -3.943 0.143737 -4.0435 -3.760

335 -3.91 -3.964 0.038184 -3.964 -3.910

340 -3.885 -3.985 0.070711 -3.985 -3.885

345 -3.927 -4.004 0.054447 -4.004 -3.927

350 -4.025 -4.025 -4.025

355 -4.053 -4.053 -4.053

Average beach level 0.677848 0.704491 0.670296 0.629886 0.636759 0.694636 0.788832 0.724363 0.706804 0.734007 0.718796 0.717264 0.645365 0.637609 0.612959 0.645999 0.672722 0.662377 0.742325 0.709251 0.710902 0.635852 0.709527 0.715404 0.678746 0.6440750.038184

Inter survey average beach level change 0.026643 -0.03419 -0.04041 0.006873 0.057878 0.094195 -0.06447 -0.01756 0.027202 -0.01521 -0.00153 -0.0719 -0.00776 -0.02465 0.033039 0.026723 -0.01035 0.079948 -0.03307 0.001651 -0.07505 0.073675 0.005877 -0.03666 -0.034670.348708

Cumulative average beach level change 0.026643 -0.00755 -0.04796 -0.04109 0.016789 0.110984 0.046515 0.028957 0.056159 0.040949 0.039417 -0.03248 -0.04024 -0.06489 -0.03185 -0.00513 -0.01547 0.064477 0.031403 0.033054 -0.042 0.031679 0.037556 0.000898 -0.03377
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Profile T09 Spring 2013

(Confidence Levels based on surveys between 1996 and 2012) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

9.71 5

0 0 0 0 1 1

0.00% 0.00% 0.00% 50.00% 50.00% 100.00%
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0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 1 1

0.00% 0.00% 75.00% 25.00% 0.00% 100.00%

2.9 1.8

0 0 3 1 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.8 0

0 0 9 0 0 9

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -1.5

0 0 7 0 0 7

0.00% 0.00% 25.00% 25.00% 50.00% 100.00%

-1.5 -2.6

0 0 1 1 2 4
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Profile T09 Spring 2013

Overall profile Status:

0.00% 0.00% 71.43% 10.71% 17.86% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Two or more Confidence Intervals have the same value

To

Status is Green

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Amber Decrease

To

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN
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Profile T10 Spring 2013

(Confidence Levels based on surveys between 1996 and 2012) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

13.38 5

0 0 2 0 0 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 1 0 0 1

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 2 0 0 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.8 0

0 0 7 0 0 7

0.00% 0.00% 75.00% 25.00% 0.00% 100.00%

0 -1.5

0 0 6 2 0 8

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 0 6 0 0 6

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 1 0 0 1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 28 2 0 30

Profile T09 Spring 2013

Overall profile Status:

0.00% 0.00% 93.33% 6.67% 0.00% 100.00%

Status is Amber Decrease

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Green

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN

Status is Amber Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Green

To
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Profile T11 Spring 2013

(Confidence Levels based on surveys between 1996 and 2012) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

50.00% 25.00% 25.00% 0.00% 0.00% 100.00%

15.19 5

2 1 1 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 2 0 0 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 1 0 0 1

0.00% 0.00% 50.00% 0.00% 50.00% 100.00%

2.9 1.8

0 0 1 0 1 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.8 0

0 0 6 0 0 6

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -1.5

0 0 7 0 0 7

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 1 0 0 1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5
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Profile T09 Spring 2013

Overall profile Status:

7.41% 3.70% 85.19% 0.00% 3.70% 100.00%

Status is Red Increase

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Green

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN

Status is Green

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

Status is Red Increase

To

HAT To MHWS

Status is Green

To
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Profile TR01-TR05 NOV-2010

(Confidence Levels based on surveys between NOV-2008 and OCT 2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

7.24 5

0 0 2 0 0 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 2 0 0 2

0.00% 25.00% 75.00% 0.00% 0.00% 100.00%

3.9 2.9

0 1 3 0 0 4

25.00% 25.00% 50.00% 0.00% 0.00% 100.00%

2.9 1.8

1 1 2 0 0 4

0.00% 11.11% 88.89% 0.00% 0.00% 100.00%

1.8 0

0 2 16 0 0 18

14.29% 0.00% 85.71% 0.00% 0.00% 100.00%

0 -1.5

2 0 12 0 0 14

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 0 15 0 0 15

0.00% 0.00% 85.71% 0.00% 14.29% 100.00%

-2.6 -4.1

0 0 12 0 2 14

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

3 4 64 0 2 73

Profile T201 Autumn 2016

Overall profile Status:

4.11% 5.48% 87.67% 0.00% 2.74% 100.00%

Status is Amber Increase

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Green

To

Status is Red Increase

To

MHWS   To   MHW

Status is Amber Increase

To

MHW   To   MHWN

Two or more Confidence Intervals have the same value

To

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Green

To

MLW   To   MLWS

Status is Red Decrease

To

MHWN   To   MSL

Status is Amber Increase

To

MSL   To   MLWN
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Profile TR05-TR09 NOV-2010

(Confidence Levels based on surveys between NOV-2008 and OCT 2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 50.00% 0.00% 50.00% 100.00%

7.68 5

0 0 1 0 1 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 2 0 0 2

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 5 0 0 5

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.8 0

0 0 14 0 0 14

0.00% 0.00% 78.57% 14.29% 7.14% 100.00%

0 -1.5

0 0 11 2 1 14

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 0 12 0 0 12

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 5 0 0 5

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 54 2 2 58

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 93.10% 3.45% 3.45% 100.00%

Two or more Confidence Intervals have the same value

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Status is Green

To

Status is Amber Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Green

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN
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Profile TR09-TR13 NOV-2010

(Confidence Levels based on surveys between NOV-2008 and OCT 2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

8.3 5

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 5 0 0 5

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

1.8 0

0 0 10 0 0 10

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -1.5

0 0 13 0 0 13

0.00% 0.00% 83.33% 16.67% 0.00% 100.00%

-1.5 -2.6

0 0 5 1 0 6

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 11 0 0 11

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 56 1 0 57

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 98.25% 1.75% 0.00% 100.00%

Status is Amber Decrease

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Green

To

Status is Green

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Amber Decrease

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN
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Survey   Inter - survey cumulative average beach level change  

From  to  T09  T10  T11  

  S96  S97  - 0.02333  - 0.01462  0.01125  0.01125   

S96  S99  - 0.10458  - 0.00692  - 0.02208  - 0.0220833   

S96  A99  - 0.11167  - 0.05462  0.059583  0.0595833   

S96  S00  - 0.14875  - 0.09115  - 0.05875  - 0.05875   

S96  A00  - 0.10958  - 0.05077  - 0.03042  - 0.0304167   

S96  S01  - 0.21625  - 0.10731  0.029583  0.0295833   

S96  A01  - 0.21958  - 0.14308  0.095833  0.0958333   

S96  S02  - 0.22958  - 0.15115  - 0.03417  - 0.0341667   

S96    A02  - 0.22792  - 0.15654  0.0425  0.0425   

S96  S03  - 0.19042  - 0.17846  0.037917  0.0379167   

S96  A03  - 0.175  - 0.11154  - 0.07292  - 0.0729167   

S96  S04  - 0.16833  - 0.37769  - 0.09833  - 0.0983333   

S96  A04  - 0.13333  - 0.15615  - 0.14542  - 0.1454167   

S96  S05  - 0.12542  - 0.24038  - 0.24833  - 0.2483333  - 0.24833333  

S96  A06  - 0.26083  - 0.29962  - 0.1925   - 0.1925  

S02    S07  - 0.33125  - 0.16077  - 0.07042   - 0.07041667  

  S96  S08  - 0.70125  - 0.11423  0.0325   0.0325  

S96  S09  - 0.75042  - 0.21808  0.14   0.14  

S96  S10   - 0.79417  - 0.23115  0.0425   0.0425  

S02  S12   - 0.71708  - 0.27231  0.099583   0.099583333  

S96  S13   - 0.67542  - 0.33154  0.101667   0.101666667  

S96  A19  - 1.09544  - 0.10689  - 0.12375   - 0.12375  
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from  To  TR01 - TR05  TR05 - TR09  TR09 - TR13  

Nov - 08  Dec - 08  - 0.008  - 0.006  0.027  

Nov - 08  Jan - 09  - 0.051  - 0.021  - 0.008  

Nov - 08  Feb - 09  - 0.101  - 0.036  - 0.048  

Nov - 08  Mar - 09  - 0.131  - 0.025  - 0.041  

Nov - 08  Apr - 09  0.035  - 0.069  0.017  

Nov - 08  May - 09  0.161  0.036  0.111  

Nov - 08  Jun - 09  0.006  - 0.007  0.047  

Nov - 08  Jul - 09  - 0.013  - 0.022  0.029  

Nov - 08  Aug - 09  0.060  0.006  0.056  

Nov - 08  Sep - 09  - 0.014  0.055  0.041  

Nov - 08  Oct - 09  0.000  - 0.039  0.039  

Nov - 08  Dec - 09  0.042  - 0.018  - 0.032  

Nov - 08  Jan - 10  - 0.001  - 0.038  - 0.040  

Nov - 08  Feb - 10  - 0.103  - 0.079  - 0.065  

Nov - 08  Mar - 10  - 0.106  - 0.096  - 0.032  

Nov - 08  Apr - 10  - 0.050  - 0.054  - 0.005  

Nov - 08  May - 10  0.009  - 0.079  - 0.015  

Nov - 08  May - 10  0.023  - 0.029  0.064  

Nov - 08  Jun - 10  - 0.002  - 0.040  0.031  

Nov - 08  Jul - 10  0.029  - 0.094  0.033  

Nov - 08  Aug - 10  - 0.125  - 0.100  - 0.042  

Nov - 08  Sep - 10  - 0.099  - 0.031  0.032  

Nov - 08  Oct - 10  - 0.034  - 0.007  0.038  

Nov - 08  Nov - 10  - 0.049  - 0.086  0.001  

Nov - 08  Dec - 19  - 0.139  - 0.271  - 0.034  
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Profile TR01 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5.64 5

0 0 3 0 0 3

0.00% 0.00% 0.00% 100.00% 0.00% 100.00%

5 3.9

0 0 0 1 0 1

0.00% 0.00% 50.00% 0.00% 50.00% 100.00%

3.9 2.9

0 0 1 0 1 2

25.00% 12.50% 62.50% 0.00% 0.00% 100.00%

2.9 1.8

2 1 5 0 0 8

71.43% 23.81% 4.76% 0.00% 0.00% 100.00%

1.8 0

15 5 1 0 0 21

0.00% 0.00% 40.00% 5.00% 55.00% 100.00%

0 -1.5

0 0 8 1 11 20

0.00% 0.00% 37.50% 12.50% 50.00% 100.00%

-1.5 -2.6

0 0 3 1 4 8

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

17 6 21 3 16 63

Profile T201 Autumn 2016

Overall profile Status:

26.98% 9.52% 33.33% 4.76% 25.40% 100.00%

Status is Red Increase

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Amber Decrease

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Increase

To

Totals

87.67%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Increase

To

MSL   To   MLWN
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Profile TR02 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7.792 5

0 0 0 0 0 0

0.00% 0.00% 0.00% 50.00% 50.00% 100.00%

5 3.9

0 0 0 2 2 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 5 0 0 5

0.00% 16.67% 66.67% 5.56% 11.11% 100.00%

1.8 0

0 3 12 1 2 18

0.00% 0.00% 12.50% 6.25% 81.25% 100.00%

0 -1.5

0 0 2 1 13 16

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-1.5 -2.6

0 0 0 0 5 5

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 3 23 4 22 52

Profile T201 Autumn 2016

Overall profile Status:

0.00% 5.77% 44.23% 7.69% 42.31% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

No Levels were measured in this tidal ladder

To

HAT To MHWS

Two or more Confidence Intervals have the same value

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Totals

84.93%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Amber Increase

To

MSL   To   MLWN


image1.png
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Profile TR03 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7.23 5

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

5 3.9

0 0 0 0 1 1

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 4 4

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

2.9 1.8

0 0 0 0 4 4

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 16 16

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

0 -1.5

0 0 0 0 15 15

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-1.5 -2.6

0 0 0 0 8 8

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 0 0 48 48

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

Status is Red Decrease

Totals

96.67%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

No Levels were measured in this tidal ladder

To

HAT To MHWS

Status is Red Decrease

To
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Profile TR04 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7.778 5

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

5 3.9

0 0 0 0 2 2

0.00% 0.00% 0.00% 25.00% 75.00% 100.00%

3.9 2.9

0 0 0 1 3 4

0.00% 0.00% 80.00% 0.00% 20.00% 100.00%

2.9 1.8

0 0 4 0 1 5

0.00% 0.00% 0.00% 7.14% 92.86% 100.00%

1.8 0

0 0 0 1 13 14

0.00% 0.00% 35.71% 14.29% 50.00% 100.00%

0 -1.5

0 0 5 2 7 14

0.00% 0.00% 40.00% 20.00% 40.00% 100.00%

-1.5 -2.6

0 0 4 2 4 10

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 1 0 0 1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 14 6 30 50

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 28.00% 12.00% 60.00% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

No Levels were measured in this tidal ladder

To

HAT To MHWS

Status is Red Decrease

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

90.74%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR05 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7.776 5

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

5 3.9

0 0 0 0 2 2

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 3 3

0.00% 0.00% 40.00% 20.00% 40.00% 100.00%

2.9 1.8

0 0 2 1 2 5

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 15 15

0.00% 0.00% 50.00% 14.29% 35.71% 100.00%

0 -1.5

0 0 7 2 5 14

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-1.5 -2.6

0 0 0 0 10 10

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-2.6 -4.1

0 0 0 0 1 1

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 9 3 38 50

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 18.00% 6.00% 76.00% 100.00%

Status is Red Decrease

Totals

96.30%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

Status is Red Decrease

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

No Levels were measured in this tidal ladder

To

HAT To MHWS

Status is Red Decrease

To
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Profile TR06 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

9.955 5

0 0 0 0 1 1

0.00% 0.00% 33.33% 0.00% 66.67% 100.00%

5 3.9

0 0 1 0 2 3

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 3 3

0.00% 0.00% 40.00% 0.00% 60.00% 100.00%

2.9 1.8

0 0 2 0 3 5

0.00% 0.00% 6.25% 0.00% 93.75% 100.00%

1.8 0

0 0 1 0 15 16

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

0 -1.5

0 0 0 0 15 15

0.00% 0.00% 30.77% 38.46% 30.77% 100.00%

-1.5 -2.6

0 0 4 5 4 13

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-2.6 -4.1

0 0 2 0 0 2

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 10 5 43 58

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 17.24% 8.62% 74.14% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Status is Red Decrease

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

78.95%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Amber Decrease

To

MLW   To   MLWS

Status is Green

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR07 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

7.751 5

0 0 0 0 1 1

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

5 3.9

0 0 0 0 2 2

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

3.9 2.9

0 0 0 0 3 3

0.00% 0.00% 20.00% 0.00% 80.00% 100.00%

2.9 1.8

0 0 1 0 4 5

0.00% 0.00% 0.00% 6.67% 93.33% 100.00%

1.8 0

0 0 0 1 14 15

0.00% 0.00% 52.94% 5.88% 41.18% 100.00%

0 -1.5

0 0 9 1 7 17

15.38% 7.69% 76.92% 0.00% 0.00% 100.00%

-1.5 -2.6

2 1 10 0 0 13

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

2 1 20 2 31 56

Profile T201 Autumn 2016

Overall profile Status:

3.57% 1.79% 35.71% 3.57% 55.36% 100.00%

Status is Red Decrease

Totals

94.64%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Increase

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN

Status is Red Decrease

To

MHWS   To   MHW

Status is Red Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Status is Red Decrease

To
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Profile TR08 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5.8 5

0 0 1 0 0 1

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 5 0 0 5

0.00% 0.00% 92.86% 7.14% 0.00% 100.00%

1.8 0

0 0 13 1 0 14

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -1.5

0 0 17 0 0 17

84.62% 7.69% 7.69% 0.00% 0.00% 100.00%

-1.5 -2.6

11 1 1 0 0 13

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

11 1 43 1 0 56

Profile T201 Autumn 2016

Overall profile Status:

19.64% 1.79% 76.79% 1.79% 0.00% 100.00%

Status is Green

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Green

To

Status is Green

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Totals

68.63%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Increase

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Green

To

MSL   To   MLWN
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Profile TR09 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

7.02 5

0 0 0 0 1 1

0.00% 0.00% 0.00% 33.33% 66.67% 100.00%

5 3.9

0 0 0 1 2 3

0.00% 0.00% 0.00% 100.00% 0.00% 100.00%

3.9 2.9

0 0 0 3 0 3

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

2.9 1.8

0 0 0 0 4 4

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 12 12

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

0 -1.5

0 0 0 0 13 13

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-1.5 -2.6

0 0 0 0 8 8

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 0 4 40 44

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 0.00% 9.09% 90.91% 100.00%

Status is Red Decrease

Totals

100.00%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN

Status is Red Decrease

To

MHWS   To   MHW

Status is Amber Decrease

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

Status is Red Decrease

To

HAT To MHWS

Status is Red Decrease

To
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Profile TR10 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

7.137 5

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 75.00% 25.00% 0.00% 100.00%

2.9 1.8

0 0 3 1 0 4

0.00% 0.00% 0.00% 10.00% 90.00% 100.00%

1.8 0

0 0 0 1 9 10

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

0 -1.5

0 0 0 0 13 13

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

-1.5 -2.6

0 0 0 0 7 7

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

0 0 12 2 29 43

Profile T201 Autumn 2016

Overall profile Status:

0.00% 0.00% 27.91% 4.65% 67.44% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Green

To

HAT To MHWS

Status is Green

To

Status is Red Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Amber Decrease

To

Totals

98.04%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR11 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

50.00% 0.00% 50.00% 0.00% 0.00% 100.00%

7.904 5

2 0 2 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 0.00% 33.33% 66.67% 100.00%

2.9 1.8

0 0 0 1 2 3

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

1.8 0

0 0 0 0 10 10

0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

0 -1.5

0 0 0 0 13 13

0.00% 0.00% 40.00% 0.00% 60.00% 100.00%

-1.5 -2.6

0 0 2 0 3 5

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

2 0 10 1 28 41

Profile T201 Autumn 2016

Overall profile Status:

4.88% 0.00% 24.39% 2.44% 68.29% 100.00%

Status is Red Decrease

Totals

93.88%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Red Decrease

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN

Status is Red Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Red Decrease

To

Tidal Ladder

ORIGIN To HAT

Status is Red Increase

To

HAT To MHWS

Status is Green

To
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Profile TR12 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

71.43% 14.29% 0.00% 0.00% 14.29% 100.00%

9.3 5

5 1 0 0 1 7

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 33.33% 0.00% 66.67% 100.00%

2.9 1.8

0 0 1 0 2 3

0.00% 0.00% 0.00% 30.00% 70.00% 100.00%

1.8 0

0 0 0 3 7 10

0.00% 0.00% 75.00% 16.67% 8.33% 100.00%

0 -1.5

0 0 9 2 1 12

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 0 5 0 0 5

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

5 1 22 5 11 44

Profile T201 Autumn 2016

Overall profile Status:

11.36% 2.27% 50.00% 11.36% 25.00% 100.00%

Status is Red Decrease

Tidal Ladder

ORIGIN To HAT

Status is Red Increase

To

HAT To MHWS

Status is Green

To

Status is Amber Decrease

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Red Decrease

To

Totals

92.45%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Green

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Red Decrease

To

MSL   To   MLWN
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Profile TR13 DEC-2019

(Confidence Levels based on surveys between NOV-2008 and NOV-2010) 

RED

(Increase)

AMBER

(Increase)

GREEN AMBER

(Decrease)

RED

(Decrease)

Total 

Levels

Individual Tidal Ladder Status:

75.00% 8.33% 8.33% 0.00% 8.33% 100.00%

9.479 5

9 1 1 0 1 12

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

5 3.9

0 0 4 0 0 4

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

3.9 2.9

0 0 3 0 0 3

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

2.9 1.8

0 0 3 0 0 3

0.00% 0.00% 33.33% 44.44% 22.22% 100.00%

1.8 0

0 0 3 4 2 9

0.00% 0.00% 100.00% 0.00% 0.00% 100.00%

0 -1.5

0 0 11 0 0 11

0.00% 75.00% 25.00% 0.00% 0.00% 100.00%

-1.5 -2.6

0 3 1 0 0 4

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-2.6 -4.1

0 0 0 0 0 0

0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

-4.10 -4.5

0 0 0 0 0 0

9 4 26 4 3 46

Profile T201 Autumn 2016

Overall profile Status:

19.57% 8.70% 56.52% 8.70% 6.52% 100.00%

Status is Red Increase

Totals

94.44%

Input Your Chosen "Green" Percentage Trigger Here 



MLWS   To   LAT

No Levels were measured in this tidal ladder

To

MLWN   To   MLW

Status is Amber Increase

To

MLW   To   MLWS

No Levels were measured in this tidal ladder

To

MHWN   To   MSL

Status is Amber Decrease

To

MSL   To   MLWN

Status is Green

To

MHWS   To   MHW

Status is Green

To

MHW   To   MHWN

Status is Green

To

Tidal Ladder

ORIGIN To HAT

Status is Red Increase

To

HAT To MHWS

Status is Green

To


