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Abstract 

This research has analysed the large sandy beach at Studland Peninsula over a range of spatial 
and temporal scales, recording a range of geomorphic features and the processes by which they 
evolve. The aim was to understand better the morphodynamic evolution of the coastal system over 
different temporal and spatial scales and identify the extent of changes operating along the beach 
system. The research has sought to quantify shoreline change from the historical archive by 
providing an interpretation of the evolutionary sequence of the Studland system over the last 500 
years. The linkage between the ebb tidal delta and shoreline progradation has been reviewed. In 
addition, the temporal variability of the beach system between 2001 and 2004 has been examined. 
These objectives have been combined to produce a nested hierarchy of spatial and temporal 
change in the Studland system in order to re-evaluate already existing conceptual models of 
sediment transport and process. 

Historic change within the system has been undertaken by a review of historic maps, charts and 
aerial photographs. Ground Penetration Radar was used to determine the subsurface stratigraphy, 
providing an indicator of the extent of onlapping and offlapping sand sheets and an interpretation of 
the morphostratigraphy. Swath bathymetry was used to examine contemporary seabed change 
within Studland Bay. Regular beach profiles provided data for a time series analysis to be applied 
to determine temporal and spatial beach behaviour. This study has contributed to furthering the 
understanding of beach systems by providing a comprehensive overview of beach behaviour on a 
variety of levels, from the littoral cell to a morphological feature. The study has progressed the 
understanding of beach sensitivity, and the interplay between ebb tidal deltas and beaches. The 
results reveal that the Studland Beach system operates as a nested hierarchy of scales, 
responding to a range of timescales from the historical to the annual. Morphological changes 
operate at high and low frequencies. The historical trend is for foreshore progradation in the north 
and erosion in the south. The pattern of variability revealed the importance of sediment feed from 
the ebb tidal delta to the beach, confirming the Poole Harbour entrance is a major contributor to 
foreshore change. The decadal trends illustrate an accumulation of short-term trends with on and 
offshore sediment feed via the ebb tidal delta; beach change is muted or hidden by more dynamic 
frequency variations. 

Conceptual models were developed to understand geographical relationships between form, 
process and scale, thus illustrating the relationships between controlling variables, temporal and 
spatial beach form variability and the system's hierarchy. Profile variability revealed several 
distinct patterns of spatial and temporal change, enabling discrete sets of profiles to be grouped 
together to illustrate the complicated relationship caused by geographical and spatial profile 
variation. Wider beaches with greater profile variability signified stability and accumulation. 
Scarcity of morphological features reflected greater susceptibility to erosion. Furthermore, the 
study allowed morphological variability to be mapped out, thus providing a complete understanding 
of the relationships between form and process, at a level of scales never undertaken before. The 
models have revealed a compartmentalised hierarchical sediment system related to the 
survivability of beach features; morphological variability and beach stability, linking the components 
of the system with the whole of the Bournemouth Bay littoral cell. 
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Chapter One. Introduction 

This chapter has identified the research problem and defines the aims and objectives of the 

research. - It contains a description of the study area, and an outline of the geomorphological and 

geographical context of Poole Harbour and Studland Bay. Finally, the reasons for undertaking this 

research are outlined. 

This research has investigated a large sandy beach at a range of spatial and temporal scales, 

recording a variety of geomorphic features and the processes by which they evolve. Studland 

Beach is an excellent example of a dune-backed beach, largely unaffected by anthropogenic 
disturbance. There are very few places in the UK in which to observe 'natural' geomorphic 

processes (alternative sites include Dawlish Warren, Braunton Burrows, Camber Sands, for 

example), and hardly any beaches sharing similar characteristics along the Dorset/Hampshire 

coast. As well as being ideally situated, there has been substantial previous work, providing good 
historical knowledge of the site, therefore establishing some prior understanding of the Studland 

system. 

Studland Peninsula is an excellent location in which to undertake such an investigation, because it 

not only has an accessible location with regards to the Bournemouth littoral cell but it also has a 
long history of previous study. Studland Beach' is viewed as a largely undisturbed beach system 
within an area largely influenced by human activity and coastal defences. Coastal structures 
control the morphodynamic variability of the Bournemouth frontage for example, whereas at 
Studland Beach, shoreline structures are limited. The site is a National Trust site and NNR 
(National Nature Reserve), therefore the range of natural features and their management against 

potential anthropogenic disturbance is important. The geomorphological distribution of features at 
the site and its natural diversity means the area is a challenging site to study. The overall problem 
is ultimately influenced by Studland Peninsula's geomorphology. To get to the overall research 

I In this study, the Studland system refers to the collection of the beaches comprising the Studland Peninsula, unless 

referred to individually. Studland system refers to Shell Bay, Studland Beach, Knoll Beach, Middle Beach, and South 

Beach. 



problem, the outstanding characteristics of the local coastal section are reviewed in the following 

sections. 

I. I. The Problem 

The central problem that this research into sandy beach morphodynamics confronts is the temporal 

variation occurring within a small spatial unit such as that represented by the beach on the eastern 
side of the Studland (South Haven) Peninsula, Dorset. The research links those changes to the 

wider sediment budget/littoral cell. An ancillary question has been to determine the sediment origin 
of Studland, and how the system responds temporally to sediment budget variability. Additionally, 

the research questions whether contemporary morphodynamic models are applicable to Studland 
Bay or whether universal beach stage models require adaptation. It is important to interrogate the 

research data to calculate morphodynamic variability and the ways in which the beach responds to 

climatic variables and storms, both temporally and spatially. 

Despite some important previous research on the Studland system (e. g. Diver, 1933; Robinson, 
1955; Wilson, 1960; May, 1997), quantification of the variability inlof the offshore zone and the 

relationship of this change with the morphological variability within the Studland system has never 
been undertaken. There has been substantial data collection, but importantly, not over an 
intensive monitoring survey. This study is fundamental to linking contemporary change to the 
historic change and defining a temporal model of the system's changing morphodynamic state, 
particularly with time series analysis. This study pinpoints linkages between the Studland 
Peninsula and the evolution of the ebb tidal delta whilst identifying the importance of sand bar 

attachment and rhythmic topography in the system's progradation. 

1.2. Alm of the Research 

The aim is to examine the morphodynamic evolution over different timescales of the Studland 

Peninsula2 coastal system and improve the understanding of scale on beach systems and linkages 

to the building of micro-macro scale landforms. System analysis involves reviewing the site in the 

2 Usage of Studland Peninsula relates to the sand dunes and beaches of Studland Peninsula and encompasses the village and the heathland. 

2 



context of time and scale, particularly the processes interacting at the interface to Poole Harbour. 

1.3. Objectives of the Research 

The objectives of the research have been: 

=> To quantify shoreline change from the historical archive; measuring volumes and contour 
movement with respect to the High Water Mark (HWM); 

=> To interpret the Studland system's evolutionary model over the last 500 years, examining 

whether there are identifiable evolutionary phases; 

=: > To examine the linkage between shoreline progradation and the changing morphology of 
the ebb tidal delta. 

=> To quantify short-term change in the modern day bathymetry and calculate volume change 
in the offshore zone; 

To examine temporal variability of the beach system between 1990 and 2003; calculating 

volumes; creating a sediment budget; examining seasonal change and spatial variation 
Within the beach system; 

=> To create a morphological model of the Studland system using time series analysis to 

calculate temporal and spatial variability whilst assessing the nested hierarchy of temporal 

change in the Studland system; 

=> To re-evaluate the conceptual models of sediment transport and process. 

1.4. Site Description: the Studland Beach System 

The Studland Beach system is located on the South Coast of England between the Isle of Purbeck 

in the west and Poole Harbour in the east, forming the seaward face of South Haven Peninsula 

(Carr, 1971; West, 2004). The study area is situated within a large littoral cell stretching from 

Handfast Point in the west to Hengistbury Head in the east, as part of a zeta curve bay (Poole 

Bay). The system is divided by the mouth of Poole Harbour. Studland and Sandbanks represent 

the two spit-like bodies that enclose and form Poole Harbour entrance (Figure 1.1). 
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Poole Harbour entrance has a low tidal range; 2 rn during spring tides and Im in neaps, with a 

weak double tide component on the high water. Most waves which approach Studland have been 

refracted from the prevailing Atlantic south to south-west long fetch. Carr (1971) observed that the 

main part of the Bournemouth Coast is sheltered from south-westerly waves by the Purbeck 
Peninsula. Eastwards, towards Hengistbury Head, where this shelter decreases, beaches consist 
of pebble and shingle, in contrast to Studland's sandy beach. Longshore drift processes are 
generally west to east, although there is a drift reversal along the Sandbanks frontage (Carter and 
Bray, 2003). 

The Studland Peninsula consists of sand dunes, lakes and heathland (Bradford et al., 1985; Carter 

and Bray, 2003; West, 2004). The dune ridges are superimposed on a series of linear sand bodies 

enclosing an inland water body (Little Sea) which was once open to the sea, according to historical 

evidence. Geornorphologically, the Studland system (comprising the beach, sand dunes and 
hinterlands, encompassing the terrestrial and marine environments) provides one of the largest 

onshore sediment stores between Old Harry on the Isle of Purbeck and the Solent in the east 
(Bradford et al., 1985). 

Studland Beach, Knoll Beach and South Beach are 8km in length (in total) and defined by two 

boundaries: the Swash Channel (Poole Harbour) and Old Harry (Velegrakis, 1994; Carter and 
Bray, 2003) (Figures 1.1 and 1.2). The spine of the Peninsula comprises the outcrop of Bagshot 
Beds, consisting of sands and clays. On Studland Peninsula's seaward face, the beach-dune 

system covers an area of 200 hectares (Ranwell and Boar, 1986). 
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Studland Peninsula is nationally and internationally recognised with designations for a range of 
coastal heathland flora and fauna such as Site of Special Scientific Interest (SSSI), National Nature 
Reserve (NNR), Area of Outstanding Natural Beauty (AONB), and Ramsar site. It is managed by 

the National Trust under a management plan agreed with Natural England. The shoreline is 

undeveloped along the Studland frontage, although there are recreational amenities at Knoll Beach 
(Figure 1.1). From Sandbanks to Hengistbury Head, a series of shoreline defences exist, 
consisting of seawalls, groynes and revetments (Figure 1.3). These coastal management schemes 
have undergone periodic renewal, with a series of beach replenishment schemes contributing to 
the overall coastal management (Lacey, 1985). 

Figure 1.3. Littoral cell divides along the Solent Coastline (Hooke et al., 1996). 

It has long been considered that Poole Harbour was a river system drowned by Holocene sea level 

rise, creating a large estuary (Bray, 2000). It consists of a large basin of 3600 hectares at high 

water spring tides (May, 2003). The Harbour entrance is a narrow corridor 150 m wide and 

approximately 3 krn long, controlling the flow of sediment and tidal waters. Beyond the entrance, 
this corridor, known as the Swash Channel, links the inner harbour with the coastal system beyond. 

The complex and poorly-understood sediment fluxes created a set of banks and channels, such as 
Hook Sand seaward of the entrance (Figure 1.2). This integrates Studland Bay into the total 

nearshore and offshore Poole Bay transport system, therefore playing an important role in the 

sediment transfer network of the South Coast. Offshore, the seabed system is divided into 

Milkmaid Bank, The Bar (or Bar Sand), and Hook Sand (Figure 1.2). The Bar is situated at the 

seaward end of the Swash Channel. Milkmaid Bank forms the extensive sand sheet in Studland 
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Bay. Hook Sand is adjacent to Sandbanks, running parallel to the eastern side of the Swash 

Channel. These features were substantially mapped over the last 400 to 500 years in a series of 

navigational charts. The Swash Channel's current location is partly determined by the Training 

Bank; a submerged groyne-like feature comprising a wall of boulders sitting on the seabed. At low 

tide, it is visible at the surface, forming the Channel's western boundary and passing close to 

Pilot's Point (Figure 1.1). Constructed in the 1870s and subject to extension in the 1920s and 
1930s, it controls the ebb tidal currents and thus the sediment transport system (Hydraulics 

Research, 1986; 1988; British Petroleum, 1991). 

The hydrodynamic conditions encompassing tides, waves and currents, which control the sediment 
transport functions, were partially responsible for the formation of Studland/South Haven 

Peninsula. As defined by Diver (1933) and Carr (1971), the Studland System is composed of four 

components: 
The Western Plateau: a long narrow level area of solid geology associated with the 

outcrop of the Eocene Bagshot Beds. Forming the western section of the Studland 
Peninsula, it is approximately 3 km long and 1 krn wide. Its western boundary comprises 
the inner shores of Poole Harbour, comprising mudflats and salt marshes (Bradford et aL, 
1985; Figure 1.1). 

=> Eastern Sands: a series of three unlithified dune ridges (of up to 5m high) running north 
to south. These rest on alluvial sediments (Bradford et al., 1985; May, 1997). The three 

sand ridges (First, Second, and Third Ridge; Diver, 1933) comprising this area are fronted 

by a ridge of active foredunes and an embryo dune system which have developed since 
2004 (Figure 1.1). Each ridge is separated by slacks where the water table is intersected 
by the land surface. The geomorphology influences the site's ecology with the seaward 

part of the Peninsula covered with Marram (Ammophila arenaria) and Heather (Efica Spp. 

and Calluna vulgaris). Heathland, scrub and woodland dominate the landward zones. 
Bogs and marsh cover the wetter areas. 
Both zones are separated by Little Sea, a freshwater lake 1.5 km long, and about 3.4 
hectares in area (Diver, 1933; Arkell, 1947; Robinson, 1955; Carr, 1971; Bradford et al., 
1985; Gardner and McLaren, 1999). Little Sea's development from a tidal inlet to a lake 

was controlled by depositional phases of sediment and infilling, resulting in the 
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progradation of a wide foreshore. 

=> The beach system, or shoreface, which is about 4 krn long and a maximum of 100 rn wide, 
backed by foredune ridges. 

The foreshore's spatial variability is controlled by the relative importance of either dune features or 
the intertidal zone and as a result has been divided into discrete geographical units exhibiting 
varying geomorphological patterns. Studland Beach's northern end is a wide accretionary sandy 
foreshore, whilst the narrower southern end displays erosional trends. Shell Bay is a wide east- 
facing arcuate-shaped foreshore, forming perpendicular to Studland Beach and parallel to Poole 
Harbour entrance. Backed by a sand ridge approximately 5 rn high, it is dissected by two 

ephemeral streams or drainage channels from Little Sea (Figure 1.1); New Cut in the west and 
Saltings Striip to the east. Pilot's Point forms at the apex of Shell Bay and Studland Beach with the 
highest dunes (circa 6 metres). Studland Beach is divided into Knoll Beach, Middle Beach, 

Redend Point, and South Beach. 

Notably, Knoll to South Beach have been affected by significant anthropogenic change resulting in 

a narrow, foreshore prone to erosion. Knoll and Middle Beach are narrow beaches backed by 

eroded dunes. Prior to 2003, the beaches were backed by gabion baskets which were removed in 

February 2003 because they were being undermined by wave action. This process was eroding 
the dunes landward of the wall. Initially, removal of the structures increased erosion. Middle 

Beach is separated from South Beach by a headland of Redend sandstone (Redend Point). South 

Beach is a shingle/sand beach backed by cliffs prone to mass movement. 

In order to manage the research data, the Studland system is described as three beaches (Shelf 

Bay, Studland Beach and South Beach). Studland Beach includes Knoll and Middle Beaches, 

unless stated. This is not consistent with the sedimentary divisions used in previous studies which 

used Knoll Beach, Middle Beach and Northern Dunes, for example. This three-fold division has 

been chosen because they usefully embrace sedimentary divisions which are natural geographical 
boundaries to sediment movement, 

9 



1.5. Timescales 

Studland has apparently evolved over the last 400 to 500 years as a sedimentary accumulation of 

sand. Geologically, the system has evolved since the Tertiary. Time is an important component of 
the sand dune system. It has been subdivided into a series of eras defining major system 

changes. With over 400 years of data, a historical archive can be produced, outlining principal 
bathymetric changes of the seabed and the shoreline. Topographical changes can be more 

reliably defined over the last 100 years with both seabed and shoreline monitoring being 

undertaken. 

1.6. Geological Context of the Studland Peninsula 

The geomorphology of Studland Peninsula and Poole Harbour has been largely determined by the 

geological formation of the Hampshire Basin: a broad topographical depression containing clays 

and sands from the lower part of the Tertiary succession located over an Upper Cretaceous (chalk) 

asymmetrical syncline (Smith and Curry, 1975; Antoine et al., 2003; Figures 1.4 and 1.5). 

Devoy (1982) suggested rapid sea level recovery and marine erosion during the Holocene 

facilitated excavation of the bays. During glacial periods, the river was constrained by the Wight- 

Purbeck ridge cutting a system of channels down to 46 m below present sea level (Dyer, 1975). 

During interglacials, much of the river's lower course was drowned by eustatic sea level rise 

forming broad estuaries (Nicholls and Webber, 1987; Edwards, 2001; Antoine et al., 2003). 

The Purbeck-Isle of Wight chalk ridge along the southern edge of the Hampshire Basin acted as an 

effective barrier against several sea-level rises in the Pleistocene. The breaching of this monocline 

led to the dismemberment and drowning of the upper reaches of the early west to east flowing 

Solent River. The Wight-Purbeck ridge was instead breached from the south by marine processes 

more recently during the Flandrian Transgression (Dyer, 1975; Nicholls, 1987; Allen and Gibbard, 

1993; Velegrakis et al., 1999). This change led to the development of Poole and Christchurch 

Bays and occurred when the sea level was circa 120 m below the present level (Everard, 1954; 

Dyer, 1975; Plint, 1983; Brampton et aL, 1998; Bristow et al., 1991; Allen and Gibbard, 1993; 
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Velegrakis, 1994; Dix, 2001; Antoine et al., 2003). 
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Figure 1.4. The solid geology of the middle and lower reaches of the Solent River. PPG: Portland/Purbeck 
group; WB: Wealden Beds; LGIGUG: Lower Greensand/Gault and Upper Greensand, CH: Chalk; RBILC: 

Reading Beds and London Clay, BRACG: Bracklesham, group; BARG Barton Group; SOLG: Solent Group: 
(Source: Dix, 2001). 

Incision of the streams to the south of the Hampshire Basin caused the connection between the 

Isles of Wight and Purbeck to be breached. These streams flowed southwards in a major valley, 

which flooded to eventually become Poole Harbour (Reid, 1902; Godwin, 1940; Green, 1946; 

Everard, 1954; Dyer, 1975; West, 1980; Devoy, 1982; Allen and Gibbard, 1993; Velegrakis et al., 

1999). The rivers cut channels to at least -13 rn Ordnance Datum (OD), forming a landscape of 

rivers meandering between low hills and ridges separating the northern estuary from the south. 
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These long-term changes to the morphology of Poole Bay and the harbour entrance have left a 
legacy upon which the subsequent development of Studland is evolving. 

1.7. Rationale: Reasons for Undertaking Research 

Several researchers have generalised the Studland system, although little has actually been 

identified in terms of short-term morphodynamic change and how these patterns may be linked to 

the longer-term morphological variation (i. e. as a nested hierarchy). While some research has 

been undertaken to quantify Studland Peninsula's shoreline change, this research is the first to use 

morphodynamic modelling to infer variability in both the longshore and cross-shore directions, 

associating this change with meteorological variables and time. Furthermore, understanding the 

linkages between the beach and the seabed, both historically and contemporarily, have remained 

poorly understood, especially the linkages between the Studland system and the wider 

Bournemouth Bay/Poole Bay systems. 
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The research focus has its foundations within Studland Beach's historical evolution. Temporal 

change is important because a beach system cannot be understood by measuring it on just a 

single occasion. Regular monitoring is required to establish how the short-term changes fit into the 

longer-term timescales. Carter (1988) described beach timescales and suggested the 

morphological element of sensitivity is measured temporally. Over short timescales (high 

frequency) the beach slope is inert as change takes significantly longer than incident processes 
(i. e. reaction and relaxation time are in excess of the timescale of the forcing agent). The 

monitoring of beach morphology involving regular surveys makes possible the discrimination of 
long-term trends from short-term fluctuations at various timescales (Thom and Hall, 1991). 

Timescales of beach morphodynamics range from the instantaneous (produced by prevailing 

processes) to tidal, diurnal, seasonal and increasingly longer periods produced by changing wave, 

tide, wind, and climatic regimes. Model timescales usually range from decadal, annual, monthly, 
tidal and diurnal. These can also be termed macro-scale; meso-scale and micro- timescales. The 

micro-scale is usually deemed as short-term or over a tidal cycle (Sherman, 1995; Hom, 2002a; 

2002b). 

Generally, short-term morphological processes are dominated by time-varying phenomena such as 

waves, winds and tides. Most of their effects, however, average out in the long-run, whence the 

longer-term evolution is determined by much weaker residual effects, often disregarded in shorter- 
term models. A yearly analysis would not consider changes that occur in between successive 

surveys if the changes were averaged out. 'Noise' in the system, often produced by storms 
(Fenster et al., 2001; Zhang et al., 2002), seasonal changes in waves, and other cyclical or random 

events require consideration. However, very few analyses of long-term change exist. 

It is essential to discriminate between progressive and cyclic change. At low frequencies, beach 

slope variation slope may still be significant, but muted or hidden by more dynamic high frequency 

variations (Carter, 1988). Surveys undertaken on an annual basis (Eliot and Clarke, 1989; Morton 

et al., 1994) have indicated that at least ten years of monthly observations are required to minimise 

the effects of seasonal and other short-term changes (Lacey and Peck, 1998). 

A profile may respond to a given wave input during a single day but if the beach profile is 
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monitored over a longer period, it may respond to long-term variations occurring in the beach-plan 

shape. Response patterns may be predictable and exhibit seasonality. Short-term changes are as 
important as medium-term beach response. Each beach possesses its own unique relationship 
dependent on waves and sediment; and accurate prediction of beach change requires sequential 
information for individual beaches. 

Past research has illustrated an absence of systematic data at a range of spatial and temporal 

scales. There has been a lack of detail concerning the potential role of the Poole Harbour entrance 

and the associated ebb tidal delta, linking Studland Peninsula to the wider littoral system along the 
South Coast. Studland Peninsula has not conformed to conventional models of spit formation in 

which accretion is driven by longshore drift into deeper water (Robinson, 1955). However, few 

alternative evolutionary models have been advanced to explain the substantial sand accumulation. 
Attention was drawn to potential linkages between the sand banks of Studland/Poole Bay and the 

shoreline, yet despite this, there was not a fully integrated conceptual model of how the Poole 

Harbour sedimentary system's maintenance may play an important role in sustaining the Studland 

Peninsula's morphology. This thesis contributes to coastal geomorphology by examining the 

historical and contemporary evolution of the Studland system in the context of the sedimentary 

system of Studland Bay. The significance of the interaction of the Studland system with Poole 

Harbour's entrance is illustrated by the wealth of qualitative and quantitative reports on the 

hydrodynamics and geomorphology of Studland/Poole Bay commissioned by local authorities and 

by Poole Harbour Commissioners over the last thirty years (Lacey, 1985; HR Wallingford, 1991; 

Brampton et al., 1998; Velegrakis, 1994; Carter and Bray, 2003; Halcrow, 2004). 

This research is the first to define compartmental modelling of sediment transport within the three 

beach systems of Shell Bay, Studland Beach and South Beach utilising an analysis of both three- 

dimensional system changes and small-scale changes in Studland Peninsula's geomorphology. 

This research is novel in assessing the frequency and magnitude of changes and events, 

combined with variation patterns. This is undertaken using spectral analysis to account for spatial 

and temporal cyclicity within the beach system. Additionally, very few models explain long-term 

changes on three-dimensional beaches with the specific inclusion of factors such as storms. More 

importantly, this study looks at a whole suite of timescales as part of the same work, i. e. weekly, 
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monthly and annual, linking the system to a short-term, annual, and longer-term timeframe. 

Of greatest significance is the lack of intense monitoring of the dune-beach-offshore systems and 
their function as a whole. Unravelling the models of beach variability is a question not only of 

understanding the coastal system's sensitivity to each factor and the beach's response time to 
them but is also dependent on the temporal sampling of beach morphology whilst assessing 
offshore mobility (Carter and Bray, 2003). 

Many studies are constrained by the range of beach morphodynamics; observed and a lack of 
continuous temporal and spatial observations of a density and period long enough to observe the 
total spectrum of beach-surf zone conditions. Few account for the full range of daily three- 
dimensional subaerial and subaqueous beach changes or attempt to apply their model outside a 
limiting range of environments (Short, 1979). As Short (1999a) stated, much confusion persists in 

the literature, particularly in the comprehension of the entire range of beach morphodynamic 

situations and in the integration of the existing wide spectrum of beach investigations into one 
standardised beach model. 

Models of systematic beach changes and type attempts to put some order into the observed range 

of morphologies and/or dynamics. Although stage models provide a practical framework for beach 

changes, it is often more convenient to consider two-dimensional shore-normal variations in beach 

and nearshore morphology. Sonu (1973); and Fox and Davis (1978) recognised phased beach 

changes following initial disequilibrium caused by sudden wave energy increases. 

At the centre of this thesis is the collection and presentation of a systematic data set at a range of 

spatial and temporal scales to provide the basis for a better understanding of the system and the 

part it plays in the wider extent of the South Coast. The thesis is divided into several chapters 
based on time and the importance of process (Figure 1.6). 

Chapter Two reviews the literature of morphodynamic processes; longshore and cross-shore 

sediment transport and defining variables of the Studland system. This chapter includes two 

conceptual models of the sediment transport systems of the Poole Bay/Bournemouth Bay sediment 
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cells used as a focus for redefining the littoral system of the Studland system. 

Chapter Three outlines the methodological techniques used in this research, exploring the 

limitations of current methodological issues and relating to conceptual models produced in Chapter 

Two. 

Chapter Four outlines the historical evolution of the Studland system using hydrographic and 
topographical charts, illustrating potential linkages between shoreline progradation and ebb tidal 
delta variations, area variability within the offshore zone and spatial variability of the HWM, whilst 
developing a model of Studland based upon historical archives: aerial photographs, historic charts 
and Ground Penetration Radar (GPR) data covering the last 4/500 years. 

Chapter Five quantifies volumetric changes of the offshore and foreshore systems since the 1990s, 

identifying temporal and spatial variability between profiles, sediment budgets and bathymetric 

variability. The seabed should be integrated into a beach morphodynamic model to fully 

understand a beach's interaction with the offshore zone. This chapter also discusses the 
importance of the topographical model and sediment volumes. 

Chapter Six describes the Studland system through time series analysis in order to develop 

morphological models of the contemporary beach systems. Beach response is quantified using 

meteorological and tidallwave data. This chapter assesses contemporary spatial and temporal 

variatiion in the morphodynamic form of the beach system. 

Chapter Seven discusses the morphodynamic model of Studland and the importance of time and 

space, redefining the models of the Studland system. Chapter Eight provides an overall conclusion 

of the research, outlining what has been gained from using morphodynamic models on beach 

systems; lessons learned; and recommended future research ideas. 
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Figure 1.6. Timeline of the chapters. Each chapter covers a number of years. For example, Chapter Four 
studies the evolution of Studland over the last 500 years. In contrast, Chapter Five studies the processes of 

Studland over the last 20 years. 
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Chapter Two. Beach Morphology and Process -a review of coastal 

process models 
This review of the literature relating to the Poole Bay and Studland systems outlines the principal 
research topics under the headings of littoral cells; sediment budgets; transport processes; 
estuaries; beach morphologies and morphodynamics; shoreline progradation and time. It reviews 
coastal process models in the local context and outlines the contribution of previous research in 
helping to define the agenda for this project. Most of all, this chapter outlines the ways in which 
this research can progress models developed in the past. It discusses sediment transport 

processes operating within the Poole Bay system, the importance of nearshore and longshore 

processes, the interaction of the offshore system, the tidal inlet and the shoreface, the importance 

of bars within prograding shorelines and the importance of storms and time within a coastal 

monitoring project. 

This review draws attention to the importance of the study area within a littoral cell, explaining 
geornorphological processes contributing to morphological change of not only the Studland system 
but also the contextual area of the Bournemouth littoral cell. Sediment budgets are described in 

addition to the ways in which sediment process variations control shoreline progradation; a process 

which is considered to contribute to Studland Peninsula's changing morphology, both 

contemporarily and historically. 

2.1. Littoral Cells and Sediment Transport 

Carter and Woodroffe (1994) suggested that morphodynamic beach behavioural models offer great 

scope for understanding the coast's short-term behaviour. However, the morphodynamic model 
does not hold for long periods or large stretches of coastline. The alternative, for this research, is 

to observe the coast as a series of discrete cells, open to input but relatively closed to inter- 

sediment transfers. At the smallest scale, cells merge with morphodynamic units, but at a meso- 

scale, the cell is substantially larger. 

The concept of liftoral cells is similar to compartmentalisation (Davies, 1974). Cells are parts of the 
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coast within which sediment is circulated (Figure 1.3). Although compartments and cells are 
similar, they should be differentiated. A compartment is appropriate for coastlines on which there 

are intermittent headlands, interrupting longshore transport. Littoral cells comprise relatively self- 
contained units, within which sediment is transported along the shoreface within sediment transport 

pathways. Cells are defined by cell boundaries where transport is permanently interrupted, such 
as headlands or inlets (Bray et al., 1995; 2000). Sub-cell boundaries occur where the effects are 
partial and/or time dependent. Within cells, sediment budgets can be compiled. A cell's dominant 

attribute is that they function as longer-term energy absorbers based on net sediment transport 

potential. Sediment transport provides the coupling between landform and process, with sediment 

properties influencing which processes occur. Sediment availability controls the extent to which 
potential transport is realised (Cowell and Thom, 1994). 

Research undertaken by Bowen and Inman (1966) defined the importance of longshore processes 

and subsequent removal of material. Davies (1974) suggested ideas of longshore drift have been 

exaggerated in the past and that coastal systems need to be observed in terms of the existence of 
a wide range of possible transport systems. He also suggested there were many sorts of coastal 

compartments and compartment divides. Some boundaries form complete obstacles to sediment 
movement; others have a filtering effect, 

Clayton (1980; 1989) developed the concept of lifforal cells in the UK from the research by Davies 

(1974), identifying concepts of apparent sediment depletion from beaches and the effects of 

coastal defences on the shoreline. This research was based upon a systems framework approach 

with inputs, outputs, sources and sinks. The concept of sediment cells was further discussed in 

relation to their practical applications in the late 1980s and early 1990s. Hooke et al. (1996) 

advanced the concept of sediment transport analysis as a component of coastal management 

along the SCOPAC coast, mapping inputs, outputs and sediment transport indicators (Figure 1.3). 

The purpose of the research was to provide a regional synthesis for coastal management 
frameworks using littoral cells as a basis. 

Poole Bay, for example, has a quasi-stable condition anchored by Hengistbury Head, and operates 

as a partially enclosed sediment circulation system, exporting sediment eastward to Christchurch 
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Bay and also south and south-westward to the offshore bed. Poole Harbour's narrow entrance 
acts as a boundary to beach drift (Figure 2.1). Studland Bay and the South Haven Peninsula have 
been considered as a potential sink for sediments circulating within western parts of Poole Bay. 
Many of the coastline features were formerly rapidly eroding soft cliffs, subsequently fronted by a 

substantial seawall/promenade built progressively eastwards between 1878 and 1973 (Lacey, 
1985). 

This research integrates the knowledge of coastal cells by defining process and sediment transport 

within the Studland/Poole Bay areas as a part of a conceptual model. Figures 2.1 and 2.2 

contextualise the Studland system in the light of past models, providing a clear understanding of 
the system and a generalisation of temporal and spatial levels, upon which the system operates. 
The models have included variable transport directions and budgets defined by littoral, wave, tidal 

and estuarine processes within this area, thus illustrating the sediment transport pathways of Poole 

Bay and fundamental sediment sources and sinks. Figure 2.1 illustrates the sediment transport 

pathways of Studland and Poole Bay, illustrating the influences of waves and currents in the 

sediment transport regime. The conceptual transport models contribute to this research by 

illustrating some of the key transport indicators of Poole Harbour entrance and the Sandbanks and 
Studland system frontages. Beach drift has been one of the key processes in explaining erosion 

and accretion patterns along the Poole Bay frontage, and where Studland Peninsula links to the 
Poole Bay system. 
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Figure 2.1. Conceptualised sediment transport pathways adapted from Brampton et A (1998); Bray et aL (1991; 1995); Carter and Bray (2003) and Hakrow (2004). - 
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Figure 2.2. Conceptual model of the dominant transport directions (Information adapted from Halcrow, 2004). 
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On the local scale, previous accounts of shoreline evolution at Poole stressed the importance of 
beach drifting in the lengthening of spits (double spits) (Halcrow, 1998). This might explain the 

southern spit (Studland Peninsula) for it is generally agreed that the dominant longshore drift 
direction along the channel was east or north-east. The exact formative processes for the sand 
spits comprising Poole Harbour entrance are unknown, particularly Sandbanks. Poole Bay exports 
sediment eastward to Christchurch Bay and also south and south-westward to the offshore bed. A 

well-established net eastwards drift operates throughout most of the Bay and transports lifforal 

sediments towards Hengistbury Head (Figures 2.1 and 2.2). Drift is more complex along the 
Sandbanks Peninsula where major reversals may occur and the littoral transport regime is affected 
by the presence of East Looe tidal channel close inshore and the refraction of incoming waves over 
Hook Sand (Bray, 2000). 

Carr (1971) examined shoreline changes between 1936 and 1970 and calculated erosion and 

accretion phases, concluding there were clear areas of accretion and erosion. Carr (1971) 

suggested Studland Peninsula's growth occurred because of erosion from the Bournemouth cliffs 

which supplemented the nearshore bars and offshore sand supplies. Contrary to this, there was 

uncertainty as to whether this process was fundamental to Studland's growth because the area is 

such a sheltered environment in terms of wave energy, or whether it occurred due to both parallel 

accretion and longshore drift. Crucially, most drift along Studland Beach is south to north with very 
little originating in the opposite direction where it has difficulty crossing the Harbour entrance. 

The morphological form of Sandbanks Peninsula appears to be indicative of east to west littoral 

sand drift, although studies over the past decade suggest a complex transport situation exists. 
There is some uncertainty over the net drift direction and a tendency for drift reversals has been 

identified. Drift modelling revealed a drift reversal west of Sandbanks car park, with net westward 
drift continuing at 20,00OM3a-I towards the Haven Hotel (Hydraulics Research, 1991); (Figure 2.2). 

This is set up by refraction affecting waves approaching from the south-west and south-south-west 

due to the presence of Hook Sand. West to east net movement has prevailed since 1952, though 

with several short-term periods of reversal. Examination of the sediment accretion pattern against 

groynes first constructed at Sandbanks between 1896 and 1906 revealed a possible onshore feed 

from Hook Sand (Robinson, 1955) with a net eastward drift (Hydraulics Research 1993). This was 
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concluded from beach profiles adjacent to groynes on the Sandbanks frontage. Sediment pulses 

move south-westward from Hook to Studland Bay. South-easterly waves cause drawdown; 

westerly Wnds cause sand bar development. 

Steers (1946) and Kidson (1963) highlighted the importance of counter drift along the Poole Bay 
frontage - an anomalous situation in which longshore drift occurs in two opposing directions to 

account for the two spits either side of the Swash Channel (cf. Carter and Bray, 2003). Sediment 

transport is carried towards Poole Harbour in both directions creating this double feature giving two 

opposing spits (Figure 2.1). In contrast, Robinson (1955) suggested seaward growth may be due 

to frontal accretion, with a succession of ridges built parallel to the line of dominant wave approach. 
The wide foreshore contributes to sand building, increasing the potential for aeolian drift. Beach 

drifting is considered to contribute to the building and lengthening of spits, with the indentation of 
the Purbeck coastline giving rise to local and independent systems of shore drift (Steers, 1946; 

Robinson, 1955). Robinson (1955) noted the similarity of Poole and Christchurch Harbours, 

suggesting the initial deep embayment occurred following coastal drowning, and was modified by 

the growth of a sand and shingle embankment across its former wide entrance. Robinson (1955) 

advanced Steers' (11946) research and suggested the two spits were due to contrasting processes. 
Whereas the Studland system had undergone mass deposition, Sandbanks was eroding. 

Littoral transport of Sandbanks is affected by the presence of the East Looe tidal channel close 

inshore and the refraction of incoming waves over Hook Sand. Gao and Collins (1993) asserted 

that both net eastwards and westwards longshore drift pathways operate along the Sandbanks 

shoreline, but that the dominant transport direction is towards the east/north-east. Carter and Bray 

(2003) suggested a drift direction from east to west which is variable and/or uncertain along the 

Sandbanks coast as well as one from west to east. A well-defined south-westward sand transport 

pathway operates across the offshore bed of Poole Bay (Carter and Bray, 2003). The final 

destination for this material remains uncertain, although some could supply Hook Sand and some 

is lost to the south. Hook Sand may be fed from offshore sources, although much of its volume 

could be inherited from earlier intervals in the erosion of Poole Bay. Feed has also been from 

material drifting into Poole Harbour entrance via weak seawards flushing by dominant ebb tidal 

currents. 
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The sheltering effects of the Isle of Purbeck and Hook Sand, together with strong tidal currents 

generated at Poole Harbour entrance, result in a complex transport regime in the west of the bay 
that is not fully comprehended. Drift reversals are initially evident on the beach foreshore, as this 

area is subject to wave action for a longer period during each tidal cycle. Drift reversals commence 
at the most exposed and energetic eastern section of the beach, and then progress westwards 
(Carter and Bray, 2003) 

A well-defined south-westward sand transport pathway operates across the offshore bed of Poole 
Bay. In Poole Bay, areas of high potential sand transport are limited to around the main headlands 

at Handfast Point, Peveril Point to Durlston Head and Hengistbury Head, as well as the Poole 

Harbour entrance. In deeper areas, the potential sediment transport trend is a net south-westerly 
drift although under extreme circumstances (Royal Haskoning, 2004). 

Hook Sand is fed by material drifting into Poole Harbour entrance and flushed seawards by the ebb 
tidal currents, although those fluxes appear quite weak. Waves drive material onshore from the 

crest of the bank to the Sandbanks Peninsula where it may either drift eastward along the beach or 

move west to become entrained by tidal currents at Poole Harbour entrance and be flushed 

seawards back towards Hook Sand. Part of the crest of Hook Sand lies above -Im OD causing 

refracted waves to break. Sand supplied by the net southward pathway may periodically partially 
infill the Swash Channel or be transported further south to Poole Bar (Brampton, et al., 1998). 

Within this system there is sediment lost from the beach/littoral system to various seabed sediment 

stores in Poole Bay (Gao and Collins, 1993; Harlow, 2001). These sub-tidal bars may have long- 

term stability, but fluctuate seasonally, gaining sediment in winter in response to offshore transport 

from the adjacent intertidal beach. Additionally, permanent output is from the Poole Bay circulation 

system, comprising offshore-wards transport pathways (Figure 2.1). This is usually contributed to 

by tidal currents alone, or acting in combination with disturbance and entrainment by high-energy 

wave-induced currents. 

In Studland Bay, a weak to moderate northwards littoral drift may be indirectly inferred from net 
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coastline recession in the south, and accretion in the centre and north. Lacey (1985) suggested a 

net north-westwards littoral drift from Shell Bay to South Haven Point based on a small increase in 

mean grain size of beach samples. Hydraulics Research (1991) confirmed this pathway for 

nearshore transport, using wave refraction estimates based on hindcasting derived from wind 

speed/direction and bathymetric data (Figure 2.3). 
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Figure 2.3. Wave refraction models (Henderson and Webber, 1979). 
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Accretion may be the result of landward directed transport from offshore. Halcrow (1998) 
demonstrated a small residual northwards obliquity (that would power drift) to breaking wave fronts, 

surviving the diffracting effects of both The Foreland and offshore banks and bars in Studland Bay 
(BP Exploration, 1991). Accretion on the southern side of the inner Training Bank is indirect 

evidence in favour of this longshore transport (Hydraulics Research, 1988). No net drift occurs 
with waves approaching from the east, and there may be short-term drift reversal (i. e. north to 
south) on the relatively infrequent occasions when waves are generated across the north-eastedy 
fetch (May, 1997). Littoral drift is likely to be partially intercepted by Redend Point, as the rocky 
shore platform that cuts the beach is only patchily veneered by mobile sediment. 

2.2. Sediment Budgets 

The concept of a sediment budget is a useful one in the management of coastal compartments and 
cells (Komar, 1976). Sediment budgets can be constructed if quantities of all elements of the 

system are known (Bowen and Inman, 1966; Krumbein, 1968; Davies, 1974). The exchange of 
beach material between subtidal, intertidal and supratidal beach segments is accomplished by on- 
offshore transport, mainly by waves (Figures 2.1 and 2.2). Analysis of profile sequences may offer 
clues as to the magnitude of this effect, although many beach surveys do not extend beyond the 
breaker line or even the water line. Also longshore pulses in the sediment flux may complicate 
matters. 

In order for a shoreline to accrete, a landward directed sediment transport is required, occurring 

when a sediment surplus, supplied by the longshore sediment transport along the nearshore bars, 

is redistributed onshore. Allen (1981) attempted to provide a quantitative resolution to variable 

erosion and accretion rates along a beach at Sandy Hook, providing a measure of the individual 

effects of the erosional components. Allen (1981) used a sediment budget approach, suggesting 
large spatial variations in longshore sediment transport resulted from differences in wave refraction 

energies and inter-segmental sediment transport. Storm energies are also responsible for the 

changing beach sediment dynamics. Sandy Hook consists of several shoreline segments 

experiencing very different beach mobility trends. Allen (1981) ignored offshore losses and 

assumed no nearshore accumulation. Establishing a sediment deficit for the spit, the factors 
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responsible included sediment starvation in the lee of an updrift groyne, a higher transport rate out 

of individual segments which was a function of wave refraction increasing the longshore energy 
flux factor at the location of the spit; an increase in secular storminess relative to a longer-term 

climatic norm; an offshore loss as the profile readjusted in response to a longer-term climatic norm 

and overwash losses during storms due to dune destruction. Spatial and temporal variations in the 

sediment budget are powerful explanations of beach dynamics. Feeder beach relationships within 
the open system are found to result from refracted wave energy concentrations, which along with 
temporal storm variations, cause a pulsational transport along the segmented shoreline of the spit. 

The pattern of shoreline change in Studland Bay between 1951 and 2001 showed alternating 

sectors of accretion and erosion. Carr (1971) reported that Knoll to Eastern Lake accreted at a 

rate of 0.40 m/year, while the northern sector accreted at 0.8 m/year. Carr (1971) reported a mean 

accretion rate of 2.15 - 4.3 m/year between 1936 and 1970 and an accretion rate of 1.12 to 2.43 

m/year between 1963 and 1995 was given by May (1997). Analysis of hydrographic charts by 

Lacey (1985) from 1849 to 1997 revealed net accretion of 727,000 M3 per annum mostly in the 

central part of Poole Bay. Westward transport from here to Poole Bay was therefore a feasible 

explanation for this pattern of differential erosion and accretion. Tyhurst (1976) and Turner (1990) 

however, showed a net eastward transport potential over all areas of the seabed east of a line 

drawn south of Bournemouth pier. At the eastern end of Shell Bay, erosion dominated with a mean 

rate of beach retreat at Pilot's Point of 0.4 m/year between 1951 and 2001. This matched the rate 

of 0.5 m/year between 1933 and 1970 reported by Carr (1971). 

Halcrow (2004) advanced this research by using aerial photographs, historical charts and a field 

survey to suggest the shoreline had accreted over the last 50 years, increasing by on average 

8000 M3 within the beach/dune system. From Redend Point to Knoll, the rate of sediment transport 

due to wave action increased from 200 M3 per year to 5000 M3 year. Sediment enters the bay 

along the north of Handfast Point as a minor sediment flux, with more sediment influx across the 

middle of the bay to Knoll and Milkmaid Bank. Sediment leaves the Studland system by storage in 

the dunes at the north of the bay; by wave transport past the Training Bank and into Shell Bay. 

From the Harbour, sediment either moves into the harbour or is transported seaward along the 

Swash Channel by tidally driven transport running from Bar Sand south-east towards Handfast 
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Point and into the main pathway of sediment flux out of the seaward end of the Swash Channel. 

This current research contributes to the knowledge of the Studland Beach sediment budget by 

calculating rates of change and the frequency of that change. By considering variation in the 

system's morphology, a more sophisticated model of rates of change can be made. 

2.3. Wave and Tidal Processes Forming an Input 

The author feels that the most important processes controlling beach morphology and 
hydrodynamics are associated with incident wave energy dissipation, and the interaction of waves 
and sediment. The rate of beach change between states and types is dependent on wave 
conditions. Wright et al. (1984) suggested each beach possesses its own unique relationship 
dependent on waves and sediment; and accurate prediction of beach change requires sequential 
information for individual beaches. Wave heights were viewed as important indicators in seasonal 
beach change in early coastal geomorphology research (e. g. Bascom, 1951; King, 1959). The 
impacts on waves on two-dimensional beach profiles formed models which were pre-cursors to the 

coastal morphodynamic theory. 

Summer profiles exhibit a wide berm, as exemplified at Studland Peninsula as well as viewed on 
other beach sites, with a smooth bar-free offshore profile. In winter, berms are absent, with the 

sand migrating offshore forming a series of shore-parallel bars. Sand volume remains relatively 

constant with the overall profile being smaller in winter than summer. Sediment transport in and 

outside of a breakpoint explains the fundamental difference between seasonal profiles. With steep 

waves, transport is seaward inside the breakpoint and landward outside it due to sediment 

accumulation at the breakpoint bar. With flatter waves, material is moved landwards in all depths; 

there must, therefore, be an accumulation at the limit of wave action (King, 1959). Steep storm 

waves with strong onshore winds are most destructive on the foreshore. The development of a 

breakpoint bar occurs when large storm waves cause erosion and flattening of the subaerial beach. 

They are largely absent in summer profiles (King, 1959; Sunamara and Kraus, 1985; Nordstrom 

and Jackson 1992; Anfuso et aL, 200 1). 
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More recently, models have been developed using hindcast and forecast models (Hydraulics 
Research, 1991; Halcrow, 2004). These are more refined and used to define sediment transport 

models. Through the use of localised wave models, it has been proposed that the wave and tidal 

currents dominate sediment transport mechanisms within Poole, Studland and Christchurch Bays 
(Figure 2.2). The wave climate varies spatially due to the sheltering effect of Handfast Point and 
the Isle of Purbeck, with the plan shape of Poole Bay adjusting to the directions of approach of 
offshore swell waves (Halcrow, 1998). The prevailing south-westerlies coincide with the longest 
fetch. Waves from this sector cannot directly enter Poole Bay, but refract and diffract so as to 

approach from the south and south-east. The degree of shelter afforded to such waves therefore 
increases westwards in the lee of Handfast Point. Carr (1971) observed that the main part of the 
Bournemouth Coast is sheltered from south-westerly waves by the Purbeck Peninsula, but 

eastwards, towards Hengistbury Head, this shelter decreases. Shelter increases in the west of 
Poole Bay as waves with a dominant south to south-west approach in this area are less severe. 
By contrast, conditions along the eastern sector are more energetic, with waves having a dominant 

south, south-east and south-south-east approach. 

Tides also exert a considerable influence on the function of beach processes, causing the whole 

suite of hydrodynamic processes affecting beach morphology to be shifted across the beach 

profile. Neap tides steepen the beach gradient, whilst spring tides cause planation. This is due to 

seaward displacement of the beach's major sediment store from the subaerial zone to the lower 

intertidal and subfidal zones by an increasing tidal range (Clarke et aL, 1984). Neap tides result in 

beachface sediment accumulation at the HWM to be redistributed across the beach with increasing 

tidal range, resulting in overtopping and horizontal and lateral growth. For example, along straight 
beach sections exposed to significant longshore transport, the difference between neap and spring 
fide ranges are fundamental to berm development (Otvos, 2000). 

Masselink and Short (1993) and Masselink and Hegge (1995) suggested the rate of tidal 

translation across the profile, which is a function of tidal range, stage and beach gradient, adds 

another level of complexity to beach morphodynamics and is responsible for the generation of 

numerous distinctive beach types. Tides retard sediment transport and morphological change; 
increasing tide range results in a reduction of overall beach gradient; tides inhibit offshore bar 
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formation and nearshore cell circulation is enhanced in low tide conditions. As tidal range 
increases, longshore tidal currents become increasingly dominant in the lower intertidal and 
subtidal zone. The gradient of the nearshore shallows and morphology becomes increasingly 

subdued and less mobile (Wright et al., 1982; 1986; Jago and Hardisty 1984; Short; 1991; 
Masselink, 1993; Aagaard, 2002). During low tides, and high energy conditions on macro-tidal 
beaches, maximum longshore currents occur over bars due to strong dissipation of incident wave 
energy. At high tide, less incident wave energy is dissipated over bars and longshore currents 
become weaker with a maximum located over the landward bar slope/outer trough region 
(Thornton and Kim, 1993). Turner (1993) augmented the tidal translation models by suggesting 
the intertidal zone is often saturated because of seepage. 

Spatial tidal variation occurs across the Bournemouth littoral cell with significant increase in the 
tidal current magnitude towards the eastern part of the area (Christchurch Bay). However, the 

current changes progressively from western Poole Bay to eastern Christchurch in a clockwise 

pattern. In the western part of Poole Bay, the tidal flow is north-south with localised and increasing 

transport potential southward from the Swash Channel towards Handfast Point. The localised ebb 
tidal jet is deflected southward by interaction with dominant south-westerly tidal flow within Poole 

Bay. 

Studland Bay has a low tidal range; approximately 2m during spring cycles and I rn during neaps 

with a weak "double high water" component. Tidal currents are weak (<0.3 m s-1) along most of 
Studland frontage except adjacent to Poole Harbour. Tidal currents at Poole Harbour entrance 

entrain sediment arriving and transport it into the main channel. The flood dominant East Looe 

channel flows across the subtidal beach, contributing significantly to transport. The most rapid 

currents are in the extreme western part of Poole Bay, where the peak ebb flow at Poole Harbour 

mouth approaches 2.5m s-1. 

2.4. Estuarine Sediment Transport 

During the Holocene, many sediment budget cells shifted from positive to negative budgets. Some 

cells near fluvial/marine systems evolved as mass sediment attractors, as Poole Harbour did, 
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resulting in ebb and flood tidal deltas. Pilkey (2003) suggested that in South Carolina, inlets have 

suddenly formed when islands have backed up into tidal channels in the saltmarshes behind them 
during their landward migration. Here, they usually form during storms. Once formed, some inlets 

migrate whilst others stay in-situ. Inlets typically have large bodies associated with them called 
tidal deltas. An ebb tidal delta is formed by the outgoing tides, and is an arc-shaped body of sand 

extending seaward of the mouth of the inlet (Figure 2.4). 

Ebb tidal delta systems have received considerable attention in recent years (Oertel, 1972,1977; 

Hayes, 1980; Fitzgerald, 1984; and Sha, 1990). These authors focused on the geomorphological 
factors controlling their evolution and their sedimentary sequences. Studies of numerous ebb tidal 

delta systems on the east coast of the US (e. g. Hayes, 1980; Fitzgerald, 1984; and Nummedal 

1983) indicated that the morphology of these sand bodies is similar from place to place. Therefore, 

a standard model of ebb tidal delta morphology could be constructed (Hayes, 1980). 

Fitzgerald (1984) described how although these studies have documented the basic functions and 

relationships of ebb tidal deltas, there is still much to be known concerning the temporal changes of 
these features. Fitzgerald (1984) described the morphological change occurring to the Price Inlet 

ebb tidal delta and demonstrated how these changes affect erosional and depositional trends along 
the landward shoreline. Historical data and field measurements were used. 

The main channel of a tidal inlet (known as the Swash Channel in the Poole Harbour entrance) 

was described by King (1972). A model suggested an inlet is flanked on either side by linear 

channel margin bars, and swash platforms on which shoreward migrating swash bars are 

commonly observed. Kana (1989) contributed to the existing knowledge by suggesting tidal inlets 

played an important role in the evolution of nearby shorelines. Erosion management in these 

settings is therefore more complex and often dependent on knowledge of inlet movement, the 

timing and rate of sand bypassing and quantitative sediment budgets. Using historical shoreline 

measurements in relation to a baseline, an assessment of the relocation of a tidal inlet and its 

impact on neighbouring shorelines can be made. 

Several localised studies described the interaction of the offshore zone with adjacent beaches (e. g. 
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Fitzgerald et at, 1984; Sha, 1989; Bittencourt et al., 2001) whereby it was suggested that the 

shoals strongly influence coastal processes in the vicinity of the tidal inlet as a result of sediment 
bypassing, and partial wave sheltering of the adjacent shore. Within the tidal inlet(swash channel, 
fidal currents dominate wave action, playing a pivotal role in water and sediment exchange 
between the backbarrier basin and the coastal zone (e. g. Hubbard et at, 1979; Fitzgerald, 1984; 
Sha, 1989; Fenster and Dolan, 1996; Hicks and Hume, 1996; Gaudiano and Kana, 2001). The 

purpose of the current research is to define the dominance of the ebb tidal delta system in the 
localised accretion/erosion rates of the adjacent shorelines, both historically and 
contemporaneously. 

Bittencourt et al. (2001) suggested the estuarine system in Garcez Point, Brazil terminated in an 
ebb tidal delta characterised by submerged sandbanks. Historically, the beaches of this region 
were subjected to cycles of erosive and constructive frequencies on the seasonal and decadal 
fimescales, perhaps in a similar manner to Studland, and related to seasonal variation in the wave 
regime. The morphodynamic variability was studied to characterise the beach dynamics of the 
estuary entrance and the adjacent beaches. Use of aerial photographs showed erosive cycles on 

one side of the estuary corresponded to constructive phases on the adjacent. Contrasting 

behaviour of beach profiles in and outside the estuary corresponded to changes caused by the 

wave climate promoting a longshore drift towards the estuary. Longshore drift caused some beach 

segments to grow but other areas eroded due to convergence of wave fronts and wave refraction 

corresponding to certain wind directions, which was similar to the behavioural patterns of Poole 

Harbour entrance. 

The offshore zone of Poole Harbour consists of a series of offshore shoals comprising the ebb tidal 

delta (Figure 1.2). As stated previously, this ebb tidal delta is likely to have formed during the 

Holocene when sea levels and sediment fluxes were more substantial than at present due to the 

release of sediment from postglacial melting. The ebb tidal delta is more dominant than the flood 

tidal delta because of the stronger ebbing tides. Velegrakis (1994) postulated the ebb tidal delta of 
Poole Harbour consisted of sand sized sediments deposited under the influence of a tidal jet and a 
westward littoral drift. Prolonged action of low level wave action reworks the sediment forming 
homogenous sediments (Milkmaid Bank). Bursts of higher level wave energy control the vertical 
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growth of the main shoal of the inlet (Hook Sand). 

Figure 2.4 illustrates a conceptual model of tidal inlet behaviour with tidal domination of sediment 

out of the harbour, through the ebb channel which is subsequently deposited onto the delta 

(Ozsoy, 1986; Kana et al., 1999). The basis of the conceptual model is a sediment transport loop 

around ebb tidal deltas, whereby sediment is bypassed from the delta to the downdrift beach. The 

transport loop is initiated as sediment enters the main ebb channel (A), and subsequently 

transported by the ebb tidal current to the ebb tidal delta (B). The transport loop continues to the 

shoal bypassing zone (C) when excess sediment in a sub-compartment of (B) is freed to move 

shoreward via incident waves. Shoal attachment to the adjacent shoreline completes the loop (D). 

Main ebb 
channel 

Ebb delta 

A bb spit 
extension 

Swash bars C 
Linear swash 4--. 

Eb ra ridge 

Ruder- Minor ebb 
recurves 

Ebb shield 
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Figure 2.4. Conceptual model of schematised tidal inlet showing the ebb tide morphology (Carter, 1988). 
Conceptual model for inlet behaviour (adapted from Kana et al., 1999). The transport loop is initiated as 

sediment enters the main ebb channel (A). 

Upon examination of the Poole Harbour morphology, a similarity is evident with the system 

illustrated in Figure 2.4. (A) represents the Swash Channel whereas the left barrier island is 
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synonymous with Sandbanks and the right barrier island with Studland. Tidal currents flow around 
Milkmaid Bank and Hook Sands into Poole Harbour. The ebb channel is the most prominent 
feature at the Harbour mouth. It is broad, relatively deep, and normally perpendicular to the 

coastline, ending a few kilometres; offshore at the terminal lobe. Swash platforms (broad sand 

sheets) are deposited by wave action between the main ebb channel (Swash Channel) and 

adjacent barrier islands (Sandbanks and Studland). 

As the lifforal inputs take circuitous paths from the inlet throat, lifforal drift disperses radially, 

settling on the delta. Shoal growth segregates tidal flows and increasingly subjects the shoal to 

wave generated currents. However, where waves dominate, net sediment transport is generally 
directed towards the inlet throat. Where wave generated currents are weaker, ebb tidal currents 
dominate, accounting for deltaic seaward expansion (Kana et al., 1999). Tidal domination and 

stronger ebb currents naturally result in shoaling seaward of the land barriers, pushing sediment 
into sand banks. 

2.4.1. Inlet Bypassing 
Tidal inlets are not barriers to continued alongshore beach sediment movement, and are naturally 
bypassed by sediment (Bruun et al., 1959; Kidson, 1963; Hayes, 1975a; Oertel, 1977; Fitzgerald et 

al., 1984,2002; Sha, 1989), as with Poole Harbour in the Poole Bay littoral cell. Bypassing is a 

process whereby sand is transported from the updrift beach, past the tidal inlet and to the downdrift 

barrier (Studland Peninsula to Sandbanks), and has been researched intensively in barrier island 

systems. Bypassing occurs by breaking and shoaling waves along an offshore bar (terminal lobe); 

movement of sand in channels by tidal currents; and migration of tidal channels and sand bars 

(Bruun et al., 1959) (Figure 2.5). Hayes et al. (1970) attributed downdrift offsets in mixed energy 

settings to the ability of inlets to trap and retain mobile sediment in massive bars and local shoals 

or periodically release materials to nourish adjacent shores. Refraction around the ebb tidal delta 

produces a transport reversal, accounting for the extra sediment accumulation on the downdrift 

shoreline. 

Bar complex development results from landward migration and coalescence of swash bars on both 

sides of the main ebb channel. Their sporadic formation is presumably related to the variable rate 
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in which sand is transported to the inlet due to wave climate variation. With increased erosion, and 

also enhanced stability as a result of anthropogenic change, this sediment is no longer pushed 
landward. These shoal type features attach themselves to the beach either as shore-parallel 
features or en echelon bars (migratory features which cause rapid localised accretion). 

Stage I- inlet delta 

urmNth 

St au C2 channel 
extension 

Staoc 3) - abandonment 

-U;. 

Figure 2.5. Model for inlet shoal bypassing produced by overextension of the updrift spit and spit breaching 
(based on Kana, 1989). 

Along adjoining coasts, entrainment into the ebb tidal jet and the converging flood flow combine to 

yield a net residual transport toward the inlet entrance which is often responsible for stripping sand 
from adjacent beaches (Dean and Walton, 1975; Oertel, 1975; Wright and Sonu, 1975; Sonu and 
Wright, 1975; Hubbard et al., 1979). Sand accretion patterns are controlled directly by the location 

where swash bars attach to the shoreline during the inlet sediment bypassing process. Sand 
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bypasses inlets by wave action along the terminal lobe or by tidal currents coupled with channel 
and bar migrations (Bruun et al., 1959). 

Inlets trap and retain mobile sediment in massive bars and local shoals or periodically release 

matedals to nourish adjacent shores. Tidal inlets strongly influence the aggradation and 
degradation of adjacent shorelines as a result of tidal and wave interaction acting on nearshore 

sediments (Hayes, 1979; Pickrill, 1985; Work et al., 2001). Water flow patterns produced by minor 

changes in delta morphology have pronounced effects upon the erosion or accretion of adjacent 

shores resulting in a cycle of change (Oertel, 1977; Gaudiano and Kana, 2001). As deltas erode, 

sediment is transported from them to shoals which subsequently weld onto a beach causing 

accretion. Deltaic swash bars act as natural offshore breakwaters dissipating wave energy 
(Fitzgerald, 1984). Their removal may thus accelerate erosion on landward beaches and in tidal 

basins. These processes are a means of transporting sediment across inlets in areas without a 

prevailing longshore current (0ertel, 1977; Pickrill, 1985; Gaudiano and Kana, 2001). The 

sheltering effect associated with the lee of shoals and subsequent sediment deposition resulting in 

shallower water and lower wave energies causes shore growth. As a result, beaches adjacent to 

ebb deltas exhibit erosional and accretional patterns (Pickrill, 1985). 

2.5. Nearshore Processes 

Nearshore processes include forcing factors and morphological responses and importantly, 

feedback between the two (Pilkey and Cooper, 2002). The nearshore zone, seaward of sandy 

beaches, often shows regular morphological patterns dominated by nearshore processes, and 

consisting of shoals and troughs along the shoreline (Sonu, 1972). At Studland, these features are 

visible at low spring tide. 

Research on nearshore processes was first undertaken in the 1940s (King and Williams, 1949). 

One of the most crucial pieces of work was undertaken by Krumbein (1963). Krumbein (1963) 

developed a conceptual process-response beach model illustrating the main energy factors of 

waves, currents and wind; material factors such as mean grain size diameter, sorting and mineral 

composition and shore and beach geometry. From this model, others have been developed which 
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consider the effects of storms, nearshore processes, aeolian sediment etc. (e. g. Komar, 1976; 
1983; Clarke and Eliot, 1983; Morton, 1979; Carter, 1976; 1986). Most process-response models 
are derived from Krumbein's initial research. 

Davis and Fox (1972), Sonu (1972), and Dalrymple (1975) suggested that an irregular bottom 

topography influences the formation and location of the nearshore currents. A periodic longshore 

variation in wave height caused by either undulating bottom topography or mean water level 

generates circulation cells (Bowen, 1969; Noda, 1972; 1974). Subsequently, both Dalrymple 
(1975) and Komar (1976) suggested nearshore currents consist of associated longshore currents 

produced by an oblique wave approach to the shoreline. Short (1979) recognised that nearshore 

currents impacted on the remainder of the beach profile by producing bars. Although bars are 

more ubiquitous in the nearshore and surf zone, they are often responsible for barred beach 

profiles. 

Ranging in size, bars are the product of variation in longshore currents, edge waves, wave 

refraction and oscillatory movements, and can complicate the offshore bathymetry and wave 

patterns (Shepard, 1950). Bars are generally absent from beaches dominated by low swell waves 

and where strong onshore winds and low period storms are rare. They may be seasonally absent 

as a result of onshore sediment transport and bar migration during prolonged high pressure 

periods (Shepard, 1950; Wright and Short, 1984). Summer landward migration of the bar results in 

welding and generation of a non-barred cross-shore profile with a wide berm (Dolan et al., 1977). 

Nearshore bars often occur in both the intertidal and subtidal domains with all being affected by the 

flow field induced by incident waves (Wang and Davis, 1998; Wijnberg and Kroon, 2002). The 

local fide range and wave climate determine the frequency and intensity with which nearshore bars 

are affected by flow fields, such as edge waves, oscillations, undertow and swash-backwash 

motion. Aagaard (2002) advanced Short's research (1979) by suggesting multi-barred profiles 

result from storm wave energy. Offshore sediment movement during storms occurs at the expense 

of the berm and the beachface, especially if bars are present in summer. 
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2.5.1. Nearshore Bar Types 

Bar systems acted on by waves and wave generated currents are found along many sandy coasts 
in a wide range of environments and the morphology of the bars assumes a variety of 

configurations in which the form, size and number of bars vary (Greenwood and Davidson Arnott, 

1979; Aagaard and Masselink, 1999). The morphological and dynamic characteristics of bars vary 

spatially as a function of controls such as nearshore slope, sediment characteristics, wave climate 

and tidal range and temporally at any location in response to changing wind and wave conditions 
(Short, 1979; Wright and Short, 1984; Ruessink et al., 2000). In effect, the many attempts at 

classification and development of conceptual models of bar systems (and non-barred conditions) 

all implicitly assume that it is possible to define a characteristic or equilibrium bar morphology that 

is largely determined by a few controlling variables (Figure 2.6). 

Early work into the importance of the nearshore zone and the importance of different bar types was 
undertaken by Shepard (1950) and Niedorada and Tanner (1970). They argued that the sandy 

coast morphodynamic system is able to express itself with several recognisable migratory bar 
types such as shore-attached bars, longshore, transverse and multiple parallel bars. Transverse 
bars extend at 90* to the shoreline, especially on low to moderate energy sandy beaches acting as 
a focusing lens for advancing waves. Existing as groups, each individual finds its own spacing 

amongst a group of regular spaced bars, ranging from fifty metres to several kilometres. Their 

orientation may not be shore-normal but they are all parallel to each other (Shepard, 1950; 
Niedorada and Tanner, 1970). 

As bars control refraction, wave energy is concentrated over the bar crest increasing the potential 

mass transport relative to the areas of lower levels between the bars. The bar is maintained by 

aiding sediment transport as a result of establishing a subtle and effective nearshore circulation 

pattern, transporting water seaward from the surf without rip currents (Niedorada and Tanner, 

1970). These forms are perpetuated by waves, currents and sediment transport. Abundant sand 

supplies, gently sloping beaches and a strong shore-parallel current are prerequisites for their 

establishment. Waves travelling across the bars might help with their construction and influence 

water flow during part of the tidal cycle due to their shallowness but are not the primary formative 

mechanisms (Niedorada and Tanner, 1970; Sonu, 1973). 
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Where they are well-developed and numerous, bars adjust the on- or offshore sand transport, and 

may be more important than littoral drift. The nearshore bathymetry becomes delicately adjusted 
to the local wave charactedstics. The system evolves from an unequal distribution of wave energy 
in the nearshore area due to wave refraction and bottom friction (Shepard, 1950). Wave-produced 

currents move sediment either seaward (where there are short bars) or landward (long bars). The 

beachward current transports sediment to the beach but the return currents are insufficiently strong 
to carry sediment away resulting in the short bars carrying sediment to the littoral drift current along 
the beach. Where this sediment meets the beach, a cusp-like feature may form on the face 

(Niedorada and Tanner, 1970; Barcilon and Lau, 1973). 

Cyclic beach response may result in several cycles of barred/non-barred profiles within a year 
depending on seasonal changes in the wave climate or storms (Fox and Davis, 1978; Boczar 

Karakiewicz and Davidson-Arnott, 1987). The separation of barred and non-barred profiles is 

related to cross-shore sediment transport direction. Onshore accretion results in a non-barred 

profile. Once the morphology has formed either a barred (non-tidal beaches) or non-barred profile, 

prevailing hydrodynamic conditions remain constant (King and Williams, 1949). 

Foreshore progradation can produce a series of broad swash bars on the upper foreshore which 

coalesce into a berm. Their formation and movement follow morphological trends linked to the 

lunar cycle. Prior to the highest spring tide, series of swash bars form at progressively lower beach 

levels with the highest being exposed during the neap tide phase. As the cycle returns towards 

springs, the swash bars either migrate landward, especially in summer, possibly coalescing to form 

a beach berm, or are eroded - depending on the prevailing wave conditions (Carter, 1976). Swash 

bars also form in the intertidal zone, are highly rhythmic and divided by rip channels forming in the 

troughs (Wright and Short, 1984; Masselink and Short, 1993). Swash bars (summer features) are 
formed by swash and backwash processes. Flat waves move sand shorewards in all depths both 

inside and outside the breakpoint. Swash bars rise above the waves' swash limit and still-water 
level and will only form if the beach's original gradient is less than the gradient formed by swash 
(King and Williams, 1949; King, 1959). 
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High energy conditions cause shoreline retreat with low energy conditions permitting the shoreline 
to return to near its original position. Swash bars weld onto the beach in very low wave energy 

conditions. No recovery occurs when many high energy conditions coincide. During high energy 

periods, the bar is abruptly displaced seaward with changes in relief caused by trough excavation 
and bar deposition (Hayes et al., 1970; Davis and Fox, 1972; 1975). This excavation is due to the 

plunging of large breakers on the bar's landward side and thereby eroding the shoreward bar's 

edge. The plunging waves cause sediment to be thrown into suspension to be carded by 
longshore currents. 

Bar attachment may be related to longshore migration of both the bar and the attachment resulting 
from the persistently high angle of wave approach, sediment source locations, and local variations 
in shoreline crenulations (Short, 1975). - During storms, wind generated waves and currents 

actively rework the bars. Stable parts of the beachface usually occur landward of sand bars. More 

variable parts of the beach occur landward of areas where rip currents develop (Clarke et al., 
1984). 

While much of the focus over the past thirty or forty years has been on bar systems that are found 

primarily in the nearshore or subtidal zone, it is also recognised that some bars are found in the 

intertidal zone and are thus partly or wholly exposed during periods of low tide (King and Williams, 

1949). The knowledge of such features is important for the interpretation of those found at 
Studland Peninsula, and contributes to the conceptual model of the Studland system. 

2.6. Beach Morphology and Morphodynamics 

The focus of the morphodynamic model of Studland Peninsula is the understanding of beach 

morphologies and their temporal and spatial variation. Models of beach morphology have 

advanced over time from the proponents of an equilibrium profile to a three-dimensional model. 

The model developed in this research has advanced these concepts by defining a four-dimensional 

model. However, it is important to understand the progression over time, as this section outlines. 

Early models were concerned with the differences between summer and winter profiles induced by 
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a seasonal wave climate. Changes in offshore profiles were demonstrated for Californian beaches 
by monitoring along the pier at Scripps Oceanographic Institution (Shepard and LaFond, 1940). 
These beaches underwent winter erosion and summer accretion, where the beach adopted a steep 
gradient. This gives rise to the erosional storm or winter profile and the constructional swell 
summer profile (King, 1972). The seminal work of Shepard (1950) in southern California 

suggested the beach and the nearshore zone exchange sediment on a winter-summer cycle. This 
is classified as a two-dimensional, shore-normal variation to beach and nearshore morphology. 
Clarke and Eliot (1983) were in agreement that beaches expand and contract on a seasonal basis, 
but others do not. This is simply because seasonal beaches require a seasonal imprint on the 

wave climate, best achieved on swell-dominated coasts. Additionally, seasonality can be absent 
and replaced by aseasonal storm patterns (Carr et al., 1982). This also depends on climatic 
seasonality (e. g. Mediterranean or California climate and prevailing winds). 

Over time, beach models have developed from two-dimensional to three-dimensional models. 
Two-dimensional beaches consist of numerous sequential zones, which are grouped in three 
dynamic zones of wave shoaling, wave breaking and swash, whereas three-dimensional systems 
consider the cross- and longshore character of the beach. Most models are two-dimensional and 
predict short-term events such as storm damage (Kriebel and Dean, 1985), and are used when it is 

assumed that the beach profile is critical in understanding beach behaviour (Thom and Hall, 1991). 

Two-dimensional profiles are suitable when there is a dominance of on-offshore sediment transport 
in coastal embayments typical of swash-aligned systems. Cross-shore variation is due to wave 
shoaling and breaking. There is no generally accepted model adequately predicting cross-shore 
sediment transport characteristics of eroding storm beaches and slow accretionary conditions 
(Seymour and Castel, 1988; cited in Russell, 1993). 

Over time, (I 970s in particular), research has become more empirical and descriptive (King, 1972; 

Davis and Fox, 1972; Komar, 1976). Three-dimensional morphology became an important 

component of beach morphological studies with the research on rhythmic topography by Hom-ma 

and Sonu (1962). Sonu (1973) introduced the three-dimensional beach transition stage concepts. 
This idea involved alongshore migration of specific beach forms and considered both spatial 
(longshore) and temporal changes in profile and plan. Many studies are constrained by the range 
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of beach morphodynamics observed and a lack of continuous temporal and spatial observations of 
a density and period long enough to observe the total spectrum of beach surf zone conditions. 
None account for the full range of daily three-dimensional subaerial and subaqueous beach 

changes or attempt to apply their model outside a limiting range of environments (Short, 1979). 
There is also no universal model for analysing and predicting coastal evolution and its governing 
processes on yearly and decadal timescales. There is, however, a wilde range of models available 
focusing on the problem complexities from a specific standpoint. This morphological variability is 

extensively monitored and a range of morphological cycles identified. 

Important papers on morphodynamics were written by Sonu and van Beek (1971), Short (1979), 

and Wright and Short (1984) establishing the relationship between time series and different beach 
behaviours. These papers form an excellent foundation from which to analyse beaches over a 
long timescale with small spatial and temporal sampling intervals. Wright et aL (1979), Short 
(11979) and Wright and Short (1984) provided a viable framework for studying beach and nearshore 
changes. They identified numerous distinct morphological states associated with various tide and 
wave regimes. In addition to providing a spatial classification, it is also apparent that the beach 

may move through a temporal sequence of states to achieve equilibrium, emphasising the role of 
antecedent conditions in determining morphological stage. Each beach form has a characteristic 

stability level, zone of sediment storage and mode of erosion (Shod and Hesp, 1982). Reflective 

beaches have a minimal potential onshore wave-induced sediment transport with sediment being 

sorted on the subaerial beach as a steep, reflective berm; the subaerial beach width is narrow with 
a sediment deficiency in the surf zone. 

Three-dimensional morphology responds to a range of different coastal forcing operating over a 
range of different timescales from those associated with a single tidal cycle to long-term change 
associated with, for example, future sea level rise. Over the shorter timescales this morphological 

variability has been extensively monitored and a range of morphological cycles identified (e. g. 
Wright et al., 1979; Eliot and Clarke, 1982a; Short and Wright, 1984). Of these, the dominant cycle 
is an annual contrast between flat storm or winter profiles and steep swell or summer profiles (Carr 

et aL, 1982; Wright and Short, 1984). This simple annual cycle disguises, however, a much more 

complex pattern of change operating on a range of different timescales (Crowell et aL, 1993). 
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Figure 2.6. Three-dimensional sequence of wave dominated beach changes for accretionary and erosional 
wave conditions (reproduced from Short, 1999a). 
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Unravelling the modes of beach variability is a question not only of understanding the system's 
sensitivity to each factor, and the beach's response time to them, but also depends on the 
frequency of temporal sampling of beach morphology. 

The idea of beach transition stages was introduced by Sonu (1973) with his examples involving 

alongshore migration of specific beach forms (Figure 2.6). Carter (1986) aimed to combine the 
approaches of time and seasonal variation on beaches to investigate sand beach-ridge 

morphodynamics in order to pinpoint their role in coastal progradation. Using topographic surveys 
twice a week and concurrent observations of morphological change covering the beach, inner 

nearshore and the dunes, a model was developed by Carter (1986). 

Beach morphology is determined and changed by sediment movement upon it as a result of the 
fluid dynamics induced by breaking waves, tides and currents (Chappell and Eliot, 1979; Wright 

and Short, 1984; Masselink, 1993; Allen, 1994). Wright and Thom (1977) embodied the nature of a 
beach and the fluid flowing over it within the concept of morphodynamics; defined as 'the mutual 
adjustment of topography and fluid dynamics involving sediment transport. The surface 
topography of the beach (swash, surf and shoal zones) adjusts to accommodate fluid motions, in 
turn influencing the wave and tide processes. The essential properties of morphodynamic 
processes are the feedback loops between the topography and fluid dynamics driving sediment 
transport to produce morphological change (Wright and Thom, 1977; Wright and Short, 1984; 
Cowell and Thom, 1994). 

There is uncertainty as to how beach processes evolve stochastically and dynamically because of 
the vast array of process combinations. Beach change mechanisms are associated with large- 

scale processes tied to factors such as beach groundwater fluctuations and long-term wave regime 

variation. All processes affect beach saturation, altering swash processes so that sediment moves 
in or out of a store in a subaerial beach without variations in the nearshore wave climate (Eliot and 
Clarke, 1982a; 1982b; Figure 2.7). 
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Figure 2.7. Subdivision of the coastal zone using morphological and wave process terminology (based on 
Briggs et aL, 1997). 

Models of systematic beach changes and type attempt to put some order into the observed range 

of morphologies and/or dynamics. However, they are constrained by the limiting range of beach 

morphodynamics observed and the lack of continuous temporal and spatial observations of a 
density and period long enough to observe the total spectrum of beach-surf zone conditions. 
Although stage models provide a practical framework for beach changes, it is often more 

convenient to consider two-dimensional shore-normal variations in beach and nearshore 

morphology. Sonu (1973) and Fox and Davis (1978) recognised phased beach changes following 

initial disequilibrium which were thought to be caused by sudden increases in wave energy. 

Beach morphology may either dissipate energy or return it by reflection out to sea, providing two 

end-members within a continuum of possible functional beach responses to a given fluid energy. A 

beach's morphological range depends in part on the particle size present, but also upon the 

distribution of magnitude and frequency within the incident energy regime. Beach morphology is a 

response to the incident energy regime and consequently should change as the energy regime 

alters over time, as exemplified by countless beach profile studies during the last 70 years (Grant, 

1948; Shepard, 1950; Bascom, 1951; Inman and Filloux, 1960; Strahler, 1966; Schwartz, 1967; 

Sonu and van Beek, 1971; Sonu, 1972; 1973; Owens, 1977; Aubrey, 1979; Chappell and Eliot, 

1979; Wright et al., 1979; Hallermeier, 1981; Short and Wright, 1981; Carr et al., 1982; Eliot and 
Clarke, 1982a; Lanyon et al., 1982; Clarke and Eliot, 1983; Wright and Short, 1984; Anfuso et al., 
2001). 
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Cycles in energy distribution, for example, associated with seasonal contrasts in the sea state 
between summer and winter, should be reflected in the beach morphology. The recognition of 
such cycles has become part of the literature with summer (swell) and winter (storm) profiles being 

widely identified as part of a sub-annual cyclicity to beach form (Eliot and Clarke, 1982a; 1982b; 
1988). Superimposed on this are long-term trends in wave energy distribution, associated with 
secular climate change or rising sea level. Of these, the dominant cycle is an annual contrast 
between flat storm or winter profiles and steep swell or summer profiles (Carr et aL, 1982; Wright 

and Short, 1984). Crucial to understanding beach response to the different factors operating, often 
over different timescales, is knowledge of a system's sensitivity to various controlling variables 
(Crowell et aL, 1993). Unravelling the modes of beach variability is a question not only of 
understanding the system's sensitivity to each factor, and the beach's response time to them, but 

also depends on the frequency of temporal sampling of beach morphology. 

Beach sediment classifications characterise local wave climatic variations as well as sediment 
sources (Hasleft, 2000). Each beach form has a characteristic stability level, zone of sediment 
storage and mode of erosion (Short and Hesp, 1982). Reflective beaches have a minimal potential 
onshore wave-induced sediment transport with sediment being sorted on the subaerial beach as a 
steep, reflective berm; the subaerial beach width is narrow with a sediment deficiency in the surf 
zone. 

Hydrodynamic processes drive beach response as well as morphology, determining beach 

variation and leading to the beach being sub-divided according to response to energy (Clarke et 
al., 1984; Short and Wright, 1984; Plant and Griggs, 1992). Hydrodynamic processes and the 

relative contributions of different mechanisms to sediment transport processes (environmental 

conditions) and morphologic change differ dramatically as functions of reflective, dissipative or 
intermediate beach states (Short, 1979; Wright et al., 1979; Wright and Short, 1984). The most 

recurrent beach state represents a response to the modal breaker characteristics and the 

prevailing sediment characteristics. Variations in reflectivity versus dissipation are largely related 
to tidal stage; the beach can be typically dissipative at low tide and reflective at high tide (Wright et 
al., 1979; Wright and Short, 1984). This is because of sediment characteristics, incident and 
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antecedent wave conditions and the antecedent beach state (Woodroffe, 2003). 

This model of dynamic beach response is complicated by the fact that a beach consists of a 
hierarchy of individual landforms superimposed upon one another. Wjnberg (2002) summarised 
this by suggesting the shoreface can be conceptualised as a large-scale geornorphological feature 
that had nested within it, and whose form was driven by the behaviour of a set of smaller-scale 
geornorphological features superimposed upon it. The large-scale system may consist of a 
landslide or cliffline as Brunsden and Chandler (1966); Dikau et aL (1996); and others describe. 
Within this context, the beach often forms the smallest component of a LARGE-scale 

geornorphological feature, sifting on top of the toe of a landslide or the basal layer. However, this 

perspective may depend on whether the subject is being studied by a geornorphologist specialising 
in either beaches or cliffs! 

Hardisty (1994) devised a classification model, dividing the beach into three components derived 
from wind, wave or morpho/hydrodynamic processes: 

First order features: the profile shape modified by orthogonal processes (i. e. those 

operating in a vertical plane along the direction of wave advance and roughly shore- 

normal) and whilst the beach's planform which is due to longshore processes. 

=> Second order features: smaller-scale including the beachface; beach ridge; berm; cusps; 

and low tide terrace. 
Third order features: superimposed on secondary features and include ripple, swash and 
backwash marks, drainage channels, aeolian pavements and blowouts, for example 
(Figure 2.8). 
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2.7. Shoreline Prograclation 

Although the literature says less about the dynamics of prograding shorelines, there is general 

agreement that progradation was widespread during the Holocene (e. g. Thom, 1964; Bird, 1967). 

Aerial photographs and historical bathymetric charts have highlighted the importance of seaward 

growth occurring at Studland Peninsula. Progradation has been measured in numerous ways by 

several researchers with historical charts and field surveys. 

Thom (1964) described how progradation during the mid Holocene occurred when estuaries were 
at their deepest and therefore river supply was less than at present. Inlet filling was likely to have 

represented a substantial loss. Sediment deposition on the coastal shelf during lower Pleistocene 

sea levels by rivers and redistribution by wind produced coastal ramps less steep than was 
appropriate to the wave environment and sediment characteristics: so excess material, lying inside 

the neutral zone of sediment movement was transported shoreward. Eventually as the shoreface 

moved seaward and the neutral zone moved landward, they converged to a position of quasi- 

equilibrium and the onshore source of sediment dwindled to its present amount. 

Carter and Wilson (1990) recognised that repeated surveys were required to assess the 

geomorphological changes of a prograding shoreline/dune system over several years. Profiles 
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were established and resurveyed every fourteen days to delimit shoreline change. This has been 

an important principle in the Studland system's model whereby the progression of this theory has 
been supported by regular monitoring and the consideration of historical archives. The 

methodology of this current research has been devised to show how shoreline progradation is 
influenced by the ebb tidal delta, attachment of bars, ebb tidal dynamics, welding and inlet 

realignment. 

Bird (1967) suggested a prograding shoreline occurred where sand dunes were being blown into 
the sea by winds from the interior, where sandy sediment was carded in from the adjacent seafloor 
including material eroded from the shore and nearshore reefs; where sand from eroding beaches 

was transported alongshore and deposited on accreting sectors; or where headlands intercepted 
longshore drift. On many coasts, there is evidence that local progradation on accreting beaches 
balances erosion of adjacent sectors and thus reshapes the shoreline by redistributing beach 

matedal along the coast. 

Each cycle of shoreline progradation and retreat can take several years and is regulated by the 

estuary tidal prism and the volume of sediment retained in the ebb tidal delta as Kana et aL (1999) 

discussed. The closer the shoreline is to the delta, the more it is affected by sediment balance 

swings because most of the sediment comprising the delta re-circulates within the delta. More 

stable shoreline positions can be explained by the fact that they are more sheltered in relation to 

the offshore waves and the more constant rates of longshore drift in the updrift side of the estuary. 

2.7.1. Localised Evolution of Accretionary Systems 
Historically, one of the first to examine Studland in detail was Diver (1933). Diver (1933) undertook 

a detailed ecological survey of Studland in order to understand its physiography and evolution over 

the last 400 years, identifying several chronological phases of activity using maps, charts and field 

surveys. Diver (1933) saw Studland Peninsula as being formed as a result of steady land building 

of sediment from the floor of Studland Bay against the outcrop of Bagshot Beds, and viewed the 

evolution as being complicated by the silting up of drainage outlets, namely those forming Little 

Sea. Diver (1933) considered dune formation to be related to offshore sediment movement but did 

not fully understand the mechanisms for it. Studland Peninsula was described as an area which 
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attracted the interests of naturalists because of the many facets within the flora and fauna. 

Diver (1933) described how comparison of a 1925 issue of an Ordnance Survey map with a survey 
undertaken by Clement Reid in 1894, showed recent rapid changes (Figure 2.9). Diver (1933) 
described shoreline retreat of circa 180 m in 38 years from 1882-1924 for the north-east coast. In 

contrast, the Studland Bay coast advanced eastwards to a maximum of 70 rn creating seaward 
accretion. These substantial changes illustrated the highly variable and dynamic nature of the 
Studland Beach system. Divers view provided a relatively simple picture of seaward progradation 
followed by dune development. However, in keeping with the developing nature of geomorphology 
at the time, he neglected to link his views to the processes he observed. 

Wilson (1960) suggested sands were added to the Studland system by submarine accretion and 
built up by Wind action with the Bagshot Beds providing a substrate on which the dunes lie. The 

dunes were formed in two separate parts: the northern and southern sectors and divided by 
Central Gap (Figure 2.10). 

Wilson (1960) highlighted the amount of war damage to the system, the site having been used for 
training during the Second World War. In the aftermath, the foredunes were levelled and burned in 
association with mine clearance. Wilson (1960) criticised Diver's work on the basis that Diver 
managed to assign parts of the First and Second Ridge wrongly, indicating their ages were 
significantly different to those originally postulated, having implications for Divers theory of 
development. 

51 



40 

it 

S4)1'-rll tl. 'kVF. % LA 
S TV 1) LAX L) HEA r Ji 

1h. 

(L11t ttAV! M !?. I'. I 

Figure 2.9. The Diver map (Diver 1933). 
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2.7.2. Shoal Attachment - Evidence for Shore Progradation 
Studland's accretion may be the result of landward directed transport from offshore (Robinson, 

1955). Robinson (1955) explained that processes contributing to the seaward growth of Studland 

were attributed to a combination of longshore processes and landward sediment transport, 

Landward sediment transport may be explained by the attachment of bars to the shore and shoal 
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attachment. There are several stages to shoal attachment: (Fitzgerald, 1984): 

=* Offshore shoal detaches from swash platform/outer shoals of inlet after coalescing as a 

discrete bar. This may be triggered by excess sediment accretion on one side of a delta 

and by development of breaks in the swash platform spillover lobes or runnels between 

multiple bars isolating the shoal from the rest of the ebb tidal delta. 

=> Waves breaking on the shoal begin to dominate ebb dominated currents, driving the shoal 
landward. Wave refraction produces a characteristic crescent morphology with apexes 

pointing towards the shore. 

=> Oblique waves either side of the shoal drive littoral transport from adjacent beaches into 

the lee of the shoal, initiating formation of a cuspate spit at the shoreline. Waves continue 
to push the shoal landward and up the foreshore slope until it welds to the beach. 

=> Shoal spreading occurs as excess sediment accumulates in a bulge that becomes 

bounded by the shoreline. 

=> Sediment dispersal by waves occurs in either direction away from the point of allachment. 
The process was complete when the shoreline straightens or when there was little 

variation in profile changes at and adjacent to the shoal bypassing zone. Tidal currents 

remove the sand dumped into the inlet by wave action and by flood directed flow across 
the ebb tidal delta (Hoyt 1967; Fitzgerald et al., 2002). 

There has been a lack of clarity in the literature as to whether the shoals are longshore or 

nearshore features, with a general vagueness. Short (1979) suggested bars are more ubiquitous 
in the nearshore and surf zones (Figure 2.11). Ranging in size, they are the product of variation in 

longshore currents, edge waves, wave refraction and oscillatory movements, and complicate the 

offshore bathymetry and wave patterns (Shepard, 1950), both in the ebb tidal delta and 

alongshore. Bar attachment may be related to longshore migration of both the bar and the 

attachment resulting from the persistently high angle of wave approach, sediment source locations, 

and local variations in shoreline crenulations (Short, 1975). During storms, wind generated waves 

and currents actively rework the bars. Stable parts of the beachface usually occur landward of 

sand bars. More variable parts of the beach occur landward of areas where rip currents develop 

(Clarke et al., 1984). 
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Bars may be seasonally absent as a result of onshore sediment transport and bar migration during 

prolonged high pressure periods (Shepard, 1950; Wright and Short, 1984). Nearshore bars often 

occur in both the intertidal and subtidal domains (Wang and Davis, 1998; Wijnberg and Kroon, 

2002). Multi-barred profiles result from storm wave energy (Aagaard, 2002). The nearshore 
bathymetry becomes delicately adjusted to the local wave characteristics. The morphological and 
dynamic characteristics of bar systems vary spatially and temporally as a function of controls such 

as nearshore slope, sediment characteristics, tidal range and response to changing winds, waves, 

and water levels (Greenwood and Davidson-Arnott, 1979; Wright and Short, 1984; Short and 
Aagaard, 1993; Dawson et al., 2002). 
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Figure 2.11. Sequence of three dimensional beach cycle involving the formation and shoreward migration of 
rhythmic bars (Sonu, 1973; Short, 1999b). 

Jago and Hardisty (1984) suggested Pencline Sands (South Wales) form the seaward part of an 

embayed Quaternary beach/dune barrier extending from a rocky headland to the confluence of 
three estuaries. The area is a rather shallow bay with abundant offshore sand waves, nearshore 
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bars and intertidal sandbanks. The mobility of the nearshore features is related to the changeable 
dynamics of the bay creating a dominant depositional trend in the nearshore areas with a 
progressive and rapid movement of marine sand into the estuaries. 

Coastal accretion is linked to dunes and bars and excessive sediment deposition. Carter and 
Wilson (1990) suggested that the beach ridge plain at Magilligan Point (Ireland) was formed during 

the Holocene sea level fall. Whilst some sand moved along the beach, significant masses 
migrated in the nearshore zone as coherent longshore bars, periodically extending and welding 

onto the foreshore as Type 11 beach ridges (Carter, 1986). Oceanside progradation of the main 
beach ridge ceased around 1500 years ago, seaward of the present shoreline. This was followed 

by a period of marine erosion which supplied sediment to form the high transgressive dune sheet. 
Carter and Wilson (1990) described an inverse relationship between sediment volume at Magilligan 

Point and the volume contained in the submarine sand shoal immediately to the northeast. Since 

1953, the area has prograded seawards as a sequence of beach ridges welded to the shore. 
Initially, blown sand seems to have accumulated against early erosional dune scarps, forming a 
high and wilde dune rampart. Subsequently, during the 1960s and 1970s, a series of shore-parallel 
dune ridges developed, separated by three major interdune slacks. The upward growth of the 

dunes relied to a considerable extent on the occasional stranding of storm-fed bars (Carter, 1986). 

As each dune formed to the seaward, those behind became cut-off from the sediment supply. 

Orford et al. (1999) described how the growth of Inch Spit was controlled by the development of the 

large ebb fide delta which links Inch Spit to the northerly extending Rossbeigh Spit (southern side 

of Dingle Bay). Aerial photographic archives demonstrate the historical shoreline variation. The 

longshore continuity of ridges suggests the dunes formed part of a prograding beach foreland 

controlled spatially by wave refraction. Dune ridge spacing is a function of beach ridge spacing, 

rather than aeolian activity. A ridge's low elevation is a result of rapid shoreline progradation and 
the loss of beach supply by the spatial intervention of a newly emerging beach ridge at high water. 
Analysis of climatic variables and archives suggested that following substantial erosion of the 

foredune area, excess sediment in the nearshore would feed a sediment return to the beach face 

under fair-weather wave conditions. 
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Rtchie (2000) suggested the Sands of Forvie dune area, near Aberdeen, owes much of its origin 
and development to the position and the morphodynamic changes of the estuary - especially the 
River Ythan (the primary sand source for beach nourishment and dune development 5000 years 
ago). Ritchie suggested the dune complex was controlled by climate, sediment sources, geology, 
sea level change and ecology. Climate and glaciations were the primary factor in sediment supply 
and raised beaches on which the sands sit. The accumulation of sand into the Ythan and adjacent 
beaches provided the sediment source for dune building. 

2.8. Dunes 

The understanding of process and geomorphology within a dune zone is crucial to developing the 
conceptual model of Studland Peninsula. The contribution and significance of the Studland dunes 

varies spatially and temporally, so it is important to review past research on the dune component. 
Wind direction, aeolian process, sediment feed and dune undercutting are aspects which need to 
be considered, if only on observational grounds. 

A substantial amount of work has been undertaken on dune sites ranging from the influence of 
sediment transport on aeolian environments (Bagnold, 1941), to vegetation growth, dune stability, 
interactions of dune feeding with beach process and dune erosion due to anthropogenic impacts 

(trampling, golf courses, grazing) to undercutting by storms. Several studies of dune change have 

been undertaken (e. g. Ranwell and Boar, 1986; Robertson-Rintoul and Ritchie, 1990; Ritchie, 

2000). The importance of aeolian processes for the coastal sediment budget is widely recognised, 
however little is known about the quantification of aeolian processes acting in the foredunes (Arens 
1997). Arens and Wiersma (1994) demonstrated the extent of aeolian processes differs along the 
Dutch coast, depending on coastal dynamics, local characteristics and management. 

The rate and pattern of sand inputs from beaches into and within dune systems is clearly 
important. Illenberger and Rust (1988) provided one of the few quantitative field studies of this 
feature. Sarre (1989) advanced this research by comparing estimates of the potential sand inputs 
to a coastal dune system with actual sand inputs, calculated from monthly changes in sand levels 

along a section of foredune within the Braunton Burrows beach dune system, North Devon. This 
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was achieved by calculating mean wind speeds and direction with surface roughness and 
comparing the change with actual variation in sand levels. Sarre (1989) explained wind direction 

and movement should not be examined independently, but other factors along the beach should be 

considered, such as groundwater change and beach moisture. 

Dunes occur on low angle dissipative shorelines with readily available and abundant sand supplies, 
wind, and a place in which sand can accumulate (Goldsmith, 1989; Pye, 1990; Pye and Tsoar, 
1990; Carter and Wilson, 1990; Psuty, 1992). Providing a necessary buffer to storm waves, dunes 
form primarily through vertical sand accretion trapped by dune vegetation. Psuty (1988) suggested 
their existence requires significant space between the dune area and the HWM. Space is induced 
by the foreshore drying out at low water, or by regular swash bar welding onto the upper beach 
(Greenwood, 1978; Short and Hesp, 1982; Carter, 1986; Carter et aL, 1990b). Beach narrowing 
tends to initiate wave attack and marine erosion of dunes. 

Carter and Wilson (1990) suggested there needs to be an excess of aeolian sand input for the 
development of beach ridges and ridge top dunes. At Magilligan Point, erosion of adjacent 
shorelines (Carter and Stone, 1989) resulted in lateral development of beach ridges and foredunes. 
Each foredune develops until it is separated from the beach supply, usually by the development of 
a new foredune ridge. 

Dunes form in response to sediment transport processes. They are controlled by climate, 
sediment sources, supply rate, underlying surface geology, land drainage, and ecology (Short and 
Hesp, 1982; Ritchie and Mather, 1984; Carter, 1986; Carter et al., 1990a; 1990b; Sherman and 
Hotta, 1990; Ritchie, 2000). Wind strength and direction are important for aeolian processes and 

generating currents and waves. Profile slope is also important (Svasek and Terwindt, 1974; Sarre, 

1988; Sherman et al., 1988; Arens, 1996; Bauer et al., 1996; Nordstrom et al., 1996). A greater 

persistence of wind moving across a beach correlates with greater dune development/dimensions 

or rate of sand accumulation (Pye, 1983; Psuty, 1990). Landward aeolian transport usually 
increases foredune growth, whereas both seaward and longshore transport induces beach growth. 
The net beach sediment budget is the result of wave, tidal and wind processes (Illenberger and 
Rust, 1988; Sarre, 1989). 
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Net transport directions are important in the long-term sediment budget of both the beach and/or 
the dune especially where fresh sand supplies from marine sources are limited (Psuty, 1988; 
Nickling and Davidson-Arnoft, 1990; Gares et aL, 1993; Davidson-Amott and Law, 1996; 
Nordstrom et al., 1996). With shore-parallel winds, the fetch and sand sources are infinite, 

resulting in sand saturated winds (Svasek and Terwindt, 1974). With onshore winds, the fetch is 

often limited, especially on narrow beaches. Higher waves associated with onshore winds limit the 
incoming sand volume, and therefore, the threshold velocity approaches the static threshold 
(Svasek and Terwindt, 1974; Nickling and Davidson-Arnoft, 1990; Nordstrom and Jackson, 1993). 
After some hours of transport, the driest grains will be removed from the system, resulting in an 
increasing influence of surface moisture. Offshore winds may result in locally high rates of 
sediment transport (Rosen, 1980; Nordstrom et al., 1986; 1996; Gares et al., 1993). Erosion of 
beach and dune sediments proceeds with transfers of sand offshore, widening the inshore zone 
and thus increasing energy dissipation. With substantial sediment volumes transferred offshore, a 
large storm bar appears which reflects energy, minimising the amount of wave energy that must be 
dissipated in the inshore zone (Leatherman, 1979). 

Dune failure plays an important role in morphodynamics, reflecting and dissipating wave energy, 

and providing a sediment source during wave attack (Carter 1986; 1988; Robertson-Rintoul and 
Rtchie 1990; Hesp, 2002). The morphodynamic characteristics of dunes adapt to variations in 

climate and sand supply (Arens and Wiersma, 1994; Seeliger et aL, 2000). Changes in their 

physiography, habitat characteristics and biological diversity are influenced by processes 
originating in adjacent environments, such as the processes operating in the nearshore and beach 

environments and by the regional climate. On the short timescale, dunes occupy a pivotal position 
in terms of coastal stability, supplying, storing and receiving sand blown from and to adjacent 
beaches. During storms, beach planation is followed by swash encroachment of the dune toe and 

eventually direct wave attack of the beachface, resulting in profile alteration (Carter and Stone, 

1989; Jay, 1998; Morton, 2002). This has been an important consideration in the Studland 

Peninsula model. 

Chisholm (1996) described how there was relatively little quantitative work undertaken for the 
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development of sand dunes in terms of their development over different timescales. The complex 
nature of the topography and the rapidly changing morphology precluded serious attempts to 

establish baselines to monitor their expansion and movement. Major dune surveys prior to 1996 

were undertaken by photogrammetric surveys of the sands of Forvie and Newborough Warren. 
Early research was undertaken on Braunton Burrows by University of Wales during the 1950s were 
initiated by comprehensive large-scale ground surveys and photogrammetric resurveys in 1983. It 

was found that there was great difficulty in quantifying the extent of changes which could be 

extrapolated over time. A series of selected areas were required to establish a time series of 
observations from which a clearer picture of trends in the development of the system might be 

established. This method has been used in the development of the Studland Peninsula model. 

2.9. Timescales 

Several appropriate scales representing a hierarchical structure of processes and forms have been 

distinguished for the study of coastal morphologies (Stive et aL, 1991). As time has formed a 

major concept of the Studland system, a review of previous research involving the concepts of time 
has been included here. It is important to understand what time is in relation to process. 

Changes occurriing in coastal systems are forced by large-scale processes and are realised over 

relatively long timescales (decadal). These changes highlight the importance of adequate 

quantitative tools to analyse and predict changes at these levels. A short-term process based 

approach is not directly suited to the prediction of longer-term coastal evolution. 

Thom and Hall (1991) developed models of beach behaviour at various timescales enabling an 

appreciation of the range of profile change likely to occur under certain environmental conditions. 

The rate of beach change between states and types is dependent on wave conditions (Wright et 

al., 1985). One of the problems restricting beach modelling is the beach response to temporal 

changes. Models are complicated by the overlap of timescales involved, whether these are short- 

or long-term changes. Carter (1988) suggested the morphological element of beach sensitivity can 

be measured temporally. Over short timescales (high frequency) the beach slope is inert as 

change takes significantly longer than the incident processes, (reaction and relaxation time are in 
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excess of the timescale of the forcing agent). 

Measuring beaches at the same time intervals as the tidal period may indicate only a slow change 

while sampling at random timescales will introduce much greater variations in results. At low 

frequencies, the change in beach slope may still be significant, but muted or hidden by more 
dynamic high frequency variations (Carter, 1988). The availability of such data presents 

opportunities to test and elaborate on models of beach behaviour at various timescales enabling an 

appreciation of the range of change likely to occur under certain environmental conditions (Thom 

and Hall, 1991). Monitoring of beach morphology involving regular surveys allows for systematic 

profile changes as well as short-term fluctuations showing seasonal change (Komar, 1976). 

Surveys undertaken on an annual basis (Eliot and Clarke, 1989; Morton et al., 1994) indicate that 

at least ten years of monthly observations, for example, are required to minimise the effects of 

seasonal and other short-term changes (Lacey and Peck, 1998). A profile may respond to a given 

wave input during a single day but if the beach profile is monitored over a longer period, it will be 

seen to respond to the long-term variations occurring in the beach plan shape. Response patterns 

may be predictable and exhibit seasonality. Short-term changes are as important as the medium- 
term in beach response. There is a fundamental need to understand beach response to 

environmental parameters which requires the development of a model to determine beach 

behaviour for coastal management. 

Seasonal response of beach change, and subsequent stability can be adjusted by the frequency of 

storms. Cornish (1897) first recognised that storm waves transport material offshore, whereas 
during post-storm conditions sediment is gradually returned back to the beach. Beaches and 
dunes represent one of the most effective natural protections from storms, but vary notably 

alongshore (Benavente et al., 2002). Sand deposited in calm weather can be removed to the 

offshore during storms to be returned with the next calm period, forming an erosional profile which 

can change from reflective to dissipative and accelerate bar development. The tendency for 

beaches to recover after storms is consistent with their long-term trend. Sand is recovered to a 
beach during quiet intervals (post-storm recovery). The accretion, expansion and foredune growth 

of dune areas, for example, is dependent on beach recovery. Some beaches undergo a partial 

recovery depending on the completion of each preceding stage, such as the completion of onshore 
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sand transport, berm reconstruction and foreshore accretion (Morton et aL, 1994). Russell (1993) 

stated storm events dominate the episodic history of a coastline. Unfortunately, our understanding 

of the fundamental processes that occur on beaches during storms is at present limited because 

most papers cover pre- or post-storm events. 

The zone of active storm deposition, which is controlled by antecedent topography, coincides with 
the zone of breaking waves and runup near the shore. Several factors influence the type and 

magnitude of storm impacts. These include along-shore variability of storm processes, previous 

storm history, duration of beach inundation by waves, high wind speeds, flow regime of washover 

currents, beachface morphology and elevation, grain sizes of transported material and human 

modification (Roessler and Wells, 2001; Morton, 2002). The duration of breaking waves 
determines the sand volume eroded from the beach. According to Zhang et aL (2002), large 

storms have little or no effect on the long-term trend of beach erosion rates, and many beaches 

tend to recover to positions consistent with the long-term trend (100+ years). Short-term storm 

erosion is viewed as a temporary deviation from their long-term evolution because beaches 

recover to their equilibdurn, pre-storm phase under the action of weather hydraulics. Abundant 

sand on a stable or accreting shoreline will eventually cause the beach and vegetation line to 

return to their pre-storm conditions. Post-storm recovery can be evaluated in terms of losses and 

gains in sand volume or pre- and post-storm positions of morphological features. 

2.10. Summary 

This chapter has reviewed and outlined research from Poole Bay and Studland Bay, the littoral 

cells and sediment budgets, whilst defining the importance of understanding beach morphology on 

a variety of scales. Not only has this review included a detailed outline of past local research, it 

has contextualised the Studland Beach area within the wider Poole Bay system, providing an 

outline of the sediment transport and geomorphic processes operating between the Studland 

Beach system and the boundaries of Poole Bay. A framework has been provided from which the 

rest of the thesis can be structured. 

Exemplar studies of ebb tidal deltas and shoreline progradation have been selected which provide 
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the context for the relationship between Studland Beach, the offshore zone and the ebb tidal delta 

formation in Poole Harbour entrance. Moreover, this review has illustrated the role that on-offshore 

sediment transport plays in shoreline progradation, particularly in outlining the importance of bars 

in the role of shoreline progradation. The acceptance of conceptual models and research 

undertaken by Pickrill (1985); Gaudiano and Kana (2001), Pilkey (2003); Sha (1989; 1990); and 
Fitzgerald (1984) has enabled progress in the approaches to this research to be made, especially 
in the dominance of the harbour entrance and its interaction with adjacent shorelines. 

The review has outlined the complexities of using two- and three-dimensional models to 

understand coastal morphodynamics; and the morphological response of beaches over varying 
time and spatial scales. The compilation of matedal from different scales (temporally and spatially) 
has been adopted for the current research, particularly within the data archive section of this thesis. 

Several questions arise from this chapter including: 

=: > What were the complex evolutionary processes which have provided the footprint for 

numerous changes to Studland? 

=> How is historic shoreline change quantified? 

=> How do sediment sources, and the ebb tidal delta, and associated shoal interactions play 
their role in the contemporary morphologic change of Studland? 

=: ý What are the spatial limits of the system? 

=> What timescales operate within the Studland system? 

=> What role has the seabed played in the evolution of Studland Bay and Poole Harbour? 

=* Can shoreline change be quantified and is there a link between the offshore shoals and 

onshoreAongshore sediment transport? 

=> Can a contemporary morphodynamic model of the Studland system be created and how 

are contemporary beach morphodynamic processes measured? 
Is it possible to redefine the conceptual models of the Poole Bay system? 
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Chapter Three. Methodology 

The aim of this chapter is to explore the methodological techniques used in this research: both data 

gathering and processing, and to explore limitations of current methodologies. The methodology is 
determined by the problem under consideration and influenced by previous work. The methods of 
data collection and analysis have been informed by the choice of previous methods available, 
equipment and time. The methodology has been concerned with finding the most suitable 

methods to unravel the problem of sediment movement and its relationship with coastal 

morphodynamics. Limitations of this process have been temporal and spatial scales, deciphering 

between the unachievable and unavailable, and observing short-term process. 

The purpose of the methodology is to quantify spatial and temporal change within a nested 
hierarchy, linking the sub-systems of this thesis through scale, time and process, and the 

conceptual models (Figures 2.1 and 2.2). The methodology is designed to delineate the temporal 

and spatial scales of the various processes operating within the Studland Beach system. This 

chapter provides a broad overview of the system as a whole, but is divided into smaller 
Compartments according to scale and requirements. 

This chapter therefore describes the authors methods of data collection, recognising limitations 

and the choices of methods other scientists have used. The author has set methods in context, 

elaborating on past research, and illustrating how the choice of methods reflects conceptual 

models. Here, there are new techniques which go beyond what other people have done which 

used different techniques; made the understanding of the beach system more comprehensive; 

changed techniques, and challenged previous ideas. For example, GIS may not have been 

accessible to previous workers; this research has outlined new frameworks and practical methods, 

and often taken these techniques one step further. 

3.1. Rationale for Choice of Methods 

Figures 2.1 and 2.2 contextualise the Studland system in the light of past models, providing an 
understanding of the system and a generalisation of temporal and spatial levels, upon which the 
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system operates. As well as providing information on the main sediment feeds, sources and sinks 
of the sediment budget, the models include variable transport directions and budgets defined by 
littoral, wave, tidal and estuarine processes within this area, thus illustrating the sediment transport 

pathways of Poole Bay and fundamental sediment sources and sinks. The conceptual transport 

models contribute to understanding the behaviour of Poole Harbour inlet, including sediment 
dynamics from Sandbanks and South Haven to and from the ebb tidal delta. Beach drift is one of 
the key processes in explaining erosion and accretion patterns along the Poole Bay frontage. This 

current study attempts to reconsider conceptual models on the smaller temporal and spatial scales, 
bearing in mind the large-scale processes are likely to operate within smaller timescales. 

The directions and destinations of this beach drift are key to understanding the way in which 
Studland operates within the Poole Bay system. Figures 2.1 and 2.2 decipher the potential 

sources and sinks of sediment, displaying the processes and transport directions operating on a 
broad timescale and over the macro-scale. They do not, however, demonstrate the full range of 

subaerial processes operating on the micro-scale. Figures 2.1 and 2.2 show spatial boundaries 
(offshorelnearshore/onshore morphology and variation), study extents, sediment transport 
interactions and the contribution of the offshore zone, Poole Harbour entrance and Sandbanks. 

Initially, the study considers temporal changes over a minimum 400 year timescale, identifying the 

historical changes (Table 3.11). Within that period, variability is identified and shoreline change 
indicators reviewed in association with volume. Post-war (World War Two) variation is also 
discussed. Subsequently, bathymetric morphological variation is reviewed over the decadal and 

annual timescales. This timescale is further sub-divided into seasonal, monthly and weekly change 

with ad-hoc daily variations in the shore being identified over the three year study period for beach 

morphodynamic variability. Table 3.1 illustrates the range of surveys undertaken, distinguishing 

the survey timescales. 

As Studland is considered to experience a spectrum of beach morphodynamic states, a broad 

methodology is designed to allow for an appreciation of the ranges of beach variation likely to 

occur, and to consider the impact of 'noise' within the system, As geomorphological processes 

operate on a broad scale, the most effective way to monitor the site is to create a large data set. 
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3.2. Historical Charts 

Numerous maps and charts are available for Poole Harbour and the surrounding coastline covering 
the last 400 years. Many of the charts used in this study have been obtained from the United 

Kingdom Hydrographic Office (UKHO) via a 'search' of the data archive, revealing over 30 charts 

ranging from 1745 to the present day. Some of these data have been provided by Poole Harbour 
Commissioners and digitally captured within the Dorset Coast Digital Archive (www. dcda. orq. uk). 
The DCDA images have been photo-digitised as raster images by DigiData Technologies for the 
DCDA, facilitating data access. Many of the Ordnance Survey maps have been accessed from the 

Edina website. 

3.2.1. Methods 
Archival materials have been used to derive an interpretative model of the system's historical 

development. These areas were previously researched in order to understand the larger system 

within the context of seabed morphology and littoral influences (e. g. Lacey 1985; British Petroleum, 

1991; Brampton et al. 1998; Halcrow, 2004). Materials have been chosen on the basis of their 

importance within the evolutionary stage, using a set of criteria to assess their usefulness. These 

cdteda were odginally developed by Hooke and Kain (1982) (Table 3.2). 

CHARACTERISTICS CHECKS 
Originality Whether'odginal'- check author, date, source 
Contemporanedy Closeness in time of document to reality portrayed 
Propinquity Closeness in space of document to situation it describes 
Generalisation Level of detail and style 
Transmission of information Reliability of secondary reporting 
Purpose Reason for compilinq the record 
Observer Nature of compiler of the record 
Intellectual and social millieux Social, intellectual and technical attitudes and knowledge 
Methodoloq y and instruments Type and design of instruments, methodology of use 
State of document Whether damaged, distorted or treated. 

Tab/93. Z Internal checks of accuracy for cartographic interpretation (adapfed from Hooke and Kain, 1982). 

The historical archive can be used to calculate shoreline positional change, variation in contours 

and spatial position and variation in the seabed bathymetry and sand bar volumes. Several 

methods have been employed in measuring shoreline change from the historical charts. These 
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include digitising the contours on the charts, calculating their spatial change and shoreline position 
variation. 

Each successive survey has been georeferenced using ArcViewTm software. Major seabed 
morphological features and positions of the HWM for each successive chart have been digitised 

and polygons created. These methods conceptualise morphological evolution. From these, areas 
can be calculated giving a spatial reference to the size variation of shoals in successive surveys, 
as well as change in contour and shoreline positions. Temporal shoreline movement is measured 
from these. These methods enable proportions of offshore change to be calculated by digitising 
the shoreline position and calculating the potential sediment movement from the offshore to the 
beach. Several areas along the beach have been used to calculate change in shoreline position. 
Past research including Diver (1933), Robinson (1955), Carr (1970), Arkell (1947) and May (1997) 

used shoreline positions to calculate the Studland evolution. Diver used maps of Poole Harbour 

entrance to interpret the history of Studland's sand dune ridges. Velegrakis (1994) compared 
historical bathymetric charts of Poole Bay to describe and model the offshore system. Pearce 
(2004) used bathymetric charts of Poole Harbour to discuss the temporal variability of the offshore 
zone in order to understand the contribution of sediment supply to the site's changing 
geomorphology. 

Map accuracy and reliability can be ascertained by observing consistency in features to see if 
landmarks have been accurately plotted (Tables 3.3 and 3.4). This includes evaluating whether 
there is an accurate depiction in the continuation of landform morphology; observing the quality of 
soundings and detail; checking for consistency of repetition in the information provided; asking 
whether the features are real or artefacts of earlier episodes of change; or if it is possible to 
decipher whether surveyors put their results onto the latest edition of a chart or an older version. 
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CHART DATE OBSERVER PURPOSE ORIGINAL DATA SOURCE 
Pre 1745 Unknown Naviqation Yes PHC/DCDA 
1745 Unknown Navigation Yes PHC/DCDA 
1785 Mackenzie Navigation Yes UKHO 
1829 Spark Navigation Yes UKHO 
1849 1 Sheringham Navigation Yes UKHO 
1853 Unknown Navigation Yes 
1868 Admiralty Navigation Yes 
1878 Sheringham Navigation Yes 
1878b Unknown Navigation Yes 
1879 Sherinqham Navigation Yes 
1890 County series OS 

chart 
Topography EDINA and Dorchester 

county records 
1891 Vereker Navigation Yes 
1910 Simpson Navigation Yes 
1912 Unknown Navigation Yes 
1928 OS Topography Yes 
1934 Jones UKHO 
1947 Courtney Navigation Yes 
1950 Ashton UKHO 
1954 OS Topography Yes OS 
1963 OS Topoqraphy Edina 
1977 Pugh UKHO 
1987 Os Topoqraphy Edina 
1993 OS Topography Yes OS 
1997 OS Topography Yes OS 

Table 3.3. Accuracy in the charts used in this research. 

DATE PROPINQUITY GENERALISATION RELIABILITY DOCUMENT 
CONDITION 

Pre 1745 Yes Poor Poor Poor 
1745 Yes Poor Good Poor 
1785 Yes Good Good Poor 
1829 Yes Good Good Poor 
1849 Yes Good Good Poor 
1853 Yes Good Ok Poor 
1868 Yes Good Poor Good 
1878 Yes Good Good Poor 
1878b Yes Good Good Poor 
1879 Yes Good Good Poor 
1890 
1891 Yes Good Good Poor 
1910 Yes Good Good Poor 
1912 Yes Good Good Good 
1928 Yes Very Good Good Good 
1934 
1947 Yes Very Good Good Good 
1950 
1954 Yes Very Good Good Good 
1963 
1977 
1987 
1993 Yes Very Good Good Good 

L1997 Yes Very Good Good Good 

Table I 4. Condition and propinquity of the charts used in this research. 
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3.2.2. Limitations with the Data 
There are often significant horizontal and vertical errors (datums), the latter often being land height 

or sea depth. Care has been taken to check whether horizontal references are in the right place 
and whether the benchmark is the correct one to use. Accuracy may be dependent on the type of 
benchmarks used such as churches, bases of cliffs, lighthouses. Additionally, datums and 
benchmarks used in the maps varied over time, according to the surveyor, and the chart type (e. g. 
Carr, 1980; Hooke and Kain, 1982; Thieler and Danforth, 1994; Velegrakis, 1994). Map accuracy 
is also influenced by displacements of feature position resulting from changes in the horizontal 

reference datum. Before shorelines from maps With different projections and datums can be 

compared, they must be converted to a common projection and datum (e. g. Thieler and Danforth, 

1994). 

As a guide to the usefulness of the historical data, several criteria discussed by Hooke and Kain 

(1982) have been used (Tables 3.2,3.3 and 3.4). For this study, the qualitative description of the 

maps is more important. However, in combining maps with navigational charts, problems of 
datums arise; OS maps are normally referenced to Ordnance Datum (OD), whilst navigational 

charts use Chad Datum (CD). There is 1.4 m difference between these two datums at Studland. 

Ordnance Datum is used throughout this study. 

The maps were obviously determined by what their creators chose to show, and open to 

interpretation. Often coastal details were unrealistic impressions of the prevailing processes 

operating on, and changing coastal form. Combining the baseline layer with historical maps and 

aerial photographs proved useful in partially determining the coastal system on the histodc scale as 

other researchers have found (e. g. Dolan et at, 1978; Hooke and Kain, 1982; Anders and Byrnes, 

1991; Crowell et al., 1993; Thieler and Danforth, 1994; Wijnberg and Terwindt, 1995; Hooke and 
Bray, 1996; Hapke and Richmond, 2000; Wijnberg, 2002). Originality was important within the 

charts of Studland and their revisions. One of the problems is that they were commonly revised in 

a patchy fashion. The revision date noted on the chart, usually in the bottom left corner, is critical. 
However, it is impossible to tell which pieces of the chart have been revised unless charts are 

compared with each other. 

70 



3.3. Archival Aerial Photographs 

Historical photographs provide an important resource with which to examine coastal evolution and 

can present important corroboration for cartographic data (Hooke and Kain, 1982). Several 

researchers sourced aerial photographs in order to examine coastal change over the last fifty 

years. Of particular note are Dolan et aL (1991), Anders and Byrnes (1991), Crowell et al. (1993), 

Thieler and Danforth (1994), Hooke and Bray (1996), Hapke and Richmond (2000), and Wijnberg 

(2002). Dolan et al. (1978) summarised the advantages of aerial photographs, drawing attention to 

the fact that they provide an instantaneous record, include a measure of detail over extended areas 

unavailable with any other information base, are permanent and easily duplicated. Modern 

georectfication methods provide an excellent method of both corroborating and refining models of 

coastal change as illustrated by Dobroniak and Anthony (2002) in the study of the Authie Estuary, 

France. 

3.3.1. Methods of Aerial Photographs 
Over two hundred separate sorties are available for Studland at the English Heritage National 

Monuments Records (NIVIR) providing aerial coverage between the 1940s and the present day. 

The time series of photographs provide data of Studland's geornorphological history. Most of the 

sorties held by the NIVIR date from the late 1940s and early 1950s and were flown by the Royal Air 

Force (RAF). In comparison, there are relatively few sorties from the 1960s and 1970s. 

Contemporary images (2003) were obtained from the National Oceanographic Centre (NOC). 

Other sources of photographs were limited due to ownership, archive accessibility, funding and 

availability. Out of the 200 sorties examined, 40 have been selected for detailed examination. 
These are of superior quality and provide a detailed temporal series from 1940s to 2003 of 

evolutionary trends. Many of the archives have been omitted because of poor data quality, 

resolution, and visibility of features. Obliques were particularly poor in the 1940s. Nevertheless, 

there are issues about comparability because of tidal states, meteorological conditions and 

seasonality between images (Anders and Byrnes, 1991; Wijnberg and Terwindt, 1995; Morton, 

2002; Wijnberg, 2002). These photographs have been digitally scanned and georectified to OS 

coordinates within MapInfoTM. Positions have been derived from the latest OS 1: 2500 landline 

mapping or the mapping corresponding to the dates of the aerial photographs. The oblique photos 
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have not been georectified. Features such as roads and buildings have been selected on 

photographs and maps to use for the georectification. To assess change, the beach frontage has 
been divided into geographical units of Shell Bay, north and south Studland Beach, Knoll Beach, 

Middle Beach and South Beach. Variation in morphological features is also described. 

3.4. Subsurface Profile Methods 

The development of GPR technology since the 1950s has allowed the non-invasive acquisition of 
data on the stratigraphy and internal sedimentary structure of unconsolidated sedimentary deposits 

(Reynolds, 1997; Neal et al., 2002). More recently, the application of GPR has enabled 

researchers to supplement and corroborate such data sources by stratigraphic investigations (Fox 

et al., 1995; Hararl, 1996; Tercier et al., 2000; Barnhardt et al., 2002; Daly et al., 2002; Jol et al., 
2002). The technique depends on the propagation and reflection of pulsed high frequency 

electromagnetic energy, which is reflected by discontinuities in the subsurface. Relative 

permittivity, water content and conductivity of the substrate, and the electrical properties of 

substrate lithologies and/or the character of the sediment interface determine the pattern of 

reflected energy returned to the receiver and therefore the image of the subsurface produced and 
its quality (Davies and Annan, 1989; Jol et aL, 2002; van Dam and Schlager, 2000). Consequently, 

it is well-suited to the investigation of deposits dominated by low conductivity sands and gravels 
(Neal and Roberts, 2000), while wet, fine-grained sediments such as silts and clays with high 

conductivities and/or brackish/saline conditions cause rapid signal attenuation with depth thereby 

limiting its applicability (Neal et aL, 2000). The water table position and the outcrop of fine-grained 

material is therefore a serious limitation to the technique. However, the application of GPR to 

coastal environments has much to offer, but remains in its infancy (Leatherman, 1987; Jol and 
Smith, 1991; Bristow, 1995; Jol etaL, 1996). 

GPR is a high-resolution tool providing continuity and detail of data that cannot be inferred from 

more conventional coring (Leatherman, 1987; Jol and Smith, 1991; Bristow, 1995; Jol et al., 1996; 

Neal and Roberl: s, 2000; Daly et al., 2002). The utilisation of GPR as a tool for interpreting 

geomorphological evolution within coastal structures is illustrated by a plethora of recent studies. 
For example, Tercier et al. (2000) used the technique to look at the evolution of deltaic and barrier 
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spit complexes. Daly et aL (2002) described the stratigraphy found on a late Holocene spit 

complex in Cape Henlopen, Delaware. Similarly, Jol et aL (2002) used GPR to develop a facies 

model for a coastal barrier spit in Long Beach, Washington State to model its regression in the face 

of sediment supply and sea level variations. Neal et al. (2002) used GPR to reconstruct the 

medium- to long-term progradational history of a small relict, beach ridge plain at Aldeburgh and 
Barnhardt et al. (2002) used GPR to image the subsurface structure of a large barrier complex at 
Tavira Island (Portugal). These studies demonstrate the potential of GPR to reconstruct the 

geornorphological evolution of coastal sedimentary systems similar to Studland. 

GPIR has been used to reconstruct the palaeo-sedimentary environments and their respective 

stratigraphy within part of the Studland system with a view to providing corroborative 

morphostratigraphic data for the historical evolutionary dimension. Traditionally, boreholes are 

used to identify subsurface changes but these often produce limited results, so non-invasive 

methods such as GPR have been used. A single shore-normal radar traverse has been 

undertaken across Studland (Figure 3.1). Its location has been determined by the availability of a 
suitable access path to capture the majority of the system in a single run (Figure 3.2). The traverse 
is approximately 1.5 km long and was surveyed twice using a RAMAC GPIR system using a 100 

MHz unshielded antennae but With slightly different operational set-ups in order to maximise the 

data quality. The first survey was undertaken using a sledge and the second using a more direct 

method in which a step spacing interval of 50 cm was employed in order to gain the maximum 

combination of signal penetration and resolution. This reduced the data's airwave, therefore 

increasing data reliability. The method was changed because the results of the sled method were 

poor and could not be used. 

The raw GPR data have been produced using a ground velocity of 0.15 m/nsec derived from a 
Common Mid-Point (CMP) analysis, and subsequently filtered within the specialist geophysical 

software RefleXTM. Processing has been restricted to the application of standard filters and 
Automatic Gain Control (AGC). These are functions within the RefieXTM software which add clarity 
to the data and allow different parts of the profile to be made more visible. The data have been 

topographically 'corrected' within RefleXTM using GPS data obtained from a Leica 530 survey with a 

vertical accuracy of ±2 mm. 
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Figure 3.1. Collecting the Ground Penetration Radar (GPR) data across a traverse at Studland. This 
photograph illustrated one of the methods of data collection with the radar paddles on the sledge. 

The data have been used to ascertain the clarity of the reflectors. Where the water table is 

present, the reflectors are unclear. Interpretation problems can be caused by water but this has 

been overcome by undertaking the survey during extremely dry weather and mapping areas where 
the water table is visible at the surface. Advice has also been taken from an expert in this field 

which has helped ascertain the interpretation of the features. 
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Figure 3.2. Ground penetration traverse at Studiand. 
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As vAth all non-invasive reconstructional studies of this type, there are issues. These include: 

=::, Sediment samples could have been taken at the same time, highlighting episodes of 

change in sediment distribution and climate change; 

=> Baseline data: water on the surface may distort reflectors and so lead to inaccurate 
interpretation; reconstruction: mainly interpretation based; poor data; 

=:: ý Additionally, several traverses should have been undertaken but due to equipment 

availability, this has not been possible. 

GPR In the backshore of the Studland Peninsula provides context. It is a useful tool although it 

contributes little to understanding the beach. GPR requires more substantial work to interpret the 
features in the Studland system. The profile, though, is interesting but cannot illustrate spatial 
differences. The degree to which it can be interpreted is early days and is conjectural to the 

position of the water table. 

3.5. Bathymetric Surveys 

A variety of detailed bathymetdc surveys have been undertaken by Poole Harbour Commissioners 

(PHC) and British Petroleum since 1990, providing information on both the nearshore and offshore 
bathymetry of Studland Bay. In 1990/1991, British Petroleum undertook an analysis of the coastal 

zone of Bournemouth, Poole Harbour and Studland with a view to potentially locating an artificial 

oiWsland within Studland Bay. British Petroleum used GPS to measure seabed profiles along 
transects 250 m apart in 1990. Poole Harbour Commissioners have surveyed within the Bay at 

various intervals during the last 10 years. Within this research, bathymetric data collected at 
irregular intervals between 1990 and 2004 has been used to identify offshore morphological 

variation (Table 3.5 and Figures 3.3 and 3.4). 

SATHYMETRIC SURVEY DATES INFORMATION 
1990 BP GPS and marine survey - continuation of beach profiles 
19% BP GPS and marine survey - continuation of beach profiles 
2003 Collected by PHC in spring and BGRG funded on a 2m grid and 50 m apart. Taken In 

fine weather to avoid swell and heave 
2004 Channel Coastal Observato! y Collected by PHC on a 2m grid and 50 m apart 

Table 3.5. Bathymetric survey methods. 
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Secondly, two surveys have been commissioned and undertaken by Poole Harbour 
Commissioners during spring 2003 and summer 2004 (Table 3.4 and Figures 3.3 and 3.4). The 
bathymetry was obtained from a survey commissioned as part of this research from the Poole 
Harbour Commissioners, and paid for with a Royal Society grant (Dudley Stamp Memorial Fund), 

and a BGRG postgraduate research grant. These surveys were undertaken using an Odom 
Echotrac 200 kHz Echosounder (capable of measuring to 20 mm in these depths), and a Trimble 
dGPS (sub-metre accuracy) for the navigation which recorded measurements on a2m grid 
spacing. Trainsects were taken 50 m apart in 2003 and 2004 (Figure 3.4). The positional accuracy 
was±1 rn with the depth accuracy being nominally±100 mm. 

Bathymetric data below the level of mean low water were traditionally obtained by lead line surveys 
combined with position fixing by triangulation, and more recently by echo sounding or multi-beam 
(swath) surveying combined with GPS position fixing. Each survey method is prone to errors, and 
accuracy over even quite small areas is still routinely no better than ±1 5 cm (e. g. Hicks and Hume, 

1996). The surveys for this study were undertaken in fine weather conditions with no swell which 

would affect boat heave and survey accuracy. This method was a standardised method deployed 

by Poole Harbour Commissioners for collecting data. 

In 2003104, the survey tracks were spaced more closely together and were longer than the 1990/91 

surveys. In all cases, the data are available as an XYZ file referenced to Ordnance Datum and 

used to generate a surface. In ArcViewTm, several methods can be used to create bathymetric 

change: 

=* Track plot generation; 

=: > Generation of seabed contours for each of the datasets to create a 'surface'. This is 

undertaken by using the XYZs from the survey data. Data is interpolated using 3d Analyst 

- an extension of ArcVieWTm. This is used to create a raster interpolation of the data. 

Natural neighbour analysis is used because there is a regular distribution of points. This 

creates a grid file (a regular division of points of georeferenced cells). In other words each 

cell Is given a value based on points. Each cell is 10 by 10 m; 

=: > Finally, the 'surfaces' can be subtracted from each other to generate a difference plot in 

the amount of sediment to highlight areas of erosion and accretion. 
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Figure 3.3. Positions of survey tracks 1990 and 1996 (data extracted from BP 1990 data). 
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Figure 3.4. Survey tracks used by Poole Harbour Commissioners 2003 and 2004. 
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3.6. Methodology for 2001-2004 Topographic Data Collection 

Studland Beach monitoring has been undertaken by numerous parties (for example Halcrow, 
British Petroleum, Bournemouth University) during the last 20 years contributing data to the long- 
term beach morphodynamics. The most simplistic beach model is related to seasonality and 
should correspond to the mean energy state of a coastal section (Grant, 1948; Shepard, 1950; 
Bascom, 1951; Strahler, 1966; Chappell and Eliot, 1979; Wright et al., 1979; Carr et aL, 1982; 
Clarke and Eliot, 1983; Wright and Short, 1984). Equally, cycles in seasonal energy distribution, 
for example, should be reflected in the beach form, with summer (swell) and winter (storm) profiles 
(IEliol: and Clarke, 1982a; 1988). 

Profiles have been measured by this writer during 2001-2004, with either a total station, GPS, or 
dumpy level. Beach profile repetitions with different equipment show an accuracy of ±10 mm 
krespective of the equipment used. The monthly profiles have been measured on a low spring 
fide; the weekly profiles on the lowest tides. Each profile was measured landward from a 
benchmark to the first dune crest and seaward past the LWM to knee height (usually 10 m seaward 
of the LWM); (Figure 3.5). Measurements are taken every 5 rn along the profile or at a break in 

slope. This does not relate to closure depth (the boundary between the upper and lower 

shoreface) because the water is too deep to feasibly measure it. HR Wallingford measured to the 

closure depth successfully with a boat and GPS. 

Initially, the beach was sampled every month from October 2001 -October 2002 along shore-normal 
profiles with a grid spacing of 2.5 m, using similar positions and benchmarks as the BP data 

collected in 1990/1991 (Tables 3.6 and 3.7). Profile spacing was 200 m. Several benchmarks, 
however, disappeared in the intervening time span, possibly because of sand burial, washing out, 
or erosion of the position. Where a benchmark was replaced, it was ensured that the positions 
were Visible and in close proximity to the original. All benchmarks in this study have been located 

using a dGPS and 12 figure grid references (Figures 3.5 and Figure 6.1). 
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Figure 3.5. Benchmark positions in the 2001-2004 survey. 
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In this research, two-dimensional profile results can be divided into two sections: standard time 

comparisons and mean profile variation. Several profiles are used to illustrate the beach's 

representative changes (where they would best display the typical beach morphology). The 

profiles chosen typify the general morphological types occurring within the Studland Beach system 
during the 1990s. This method has been selected after profiles have been assembled from the 

topographical data. Profiles have been chosen according to the summer and winter profiles 

exhibited, presence of berms, steepness etc. The profiles are BP28,30,36,40,42,44,46,48,50 

and 52. These profiles are not contiguous. The level of representation is determined by looking for 

morphological patterns such as berm and dune definition and structure of the intertidal zone in 

addition to profile elevation and gradient differences. 

The benchmark numbering, like that of British Petroleum, commences at Profile 28 and ends at 
Profile 52 (Tables 3.6 and 3.7; Figure 3.5). Preliminary analysis, however, suggests the profile 

spacing and temporal frequency is insufficient to record the beach's detailed morphology and the 

profile spacing was therefore reduced in October 2002 from 200 to circa 50 m. Profile numbering 
has been maintained through the addition of a suffix, and visible and replicable benchmarks have 

been chosen. Initial analysis suggested most beach variation occurs at frequencies of less than 

four weeks. Temporal monitoring of these profiles was therefore reduced to weekly intervals 

between 2002 and 2003 to give at least 12 months of higher resolution data. The surveys have 

been at the same time every calendar week usually on the start of a spring or neap tide. 

Beach profiles have been measured, monitored and their morphological variability reported in 

numerous papers since the 1940s when empirical beach studies were of vital importance to military 
landings during the Second World War (Grant, 1948; King and Williams, 1949). In the 1950s and 
1960s, models of beach form were relatively simple, linking descriptive beach classifications, such 

as steep and flat, to prevailing weather conditions (Shepard, 1950; Bascom, 1951; Strahler, 1966). 

As monitoring data increased, the recognition of annual beach cycles with summer or swell profiles 

alternating with winter or storm profiles began to dominate the literature (Strahler, 1966; Owens, 

1977; Aubrey, 1979). It was not until the 1960s that the processes responsible for such variety 
began to be explored and the complicated physics of wave runup and sediment transport were 

unravelled for the first time (Sonu and van Beek, 1971; Owens, 1977; Aubrey, 1979). Following a 
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decade of process-based study, models of beach morphological change became dominated in the 

1980s by morphodynamics (Hallermeier, 1981; Carr et aL, 1982; Eliot and Clarke, 1982a; 1982b; 

Wright and Short, 1984). More recently, beach studies were dominated by sedimentary budgets 

and coastal cell evaluation (Clayton, 1980; Thom and Hall, 1991; Bray et al., 1995; Carter and 
Bray, 2003). 

As part of research undertaken by Clarke et al. (1984), variation in beach face geometry was 

monitored by regular beach profile surveys extending seaward. Survey data for each profile were 

reduced to volumetric information and integrated along the beach to give a volume for horizontal 

beach slices. These methods were relevant to the current research requirements because of the 

need to measure beach geometry. It was also an efficient way of comparing cross and alongshore 

profile variability for several transects undertaken over various periods of the year. 

Carr et al. (1982) used topographic surveys on several beaches taken at corresponding stages of 
the lunar tidal cycle approximately every month. These were used to delineate temporal variability 
and seasonal change, and measure accretionary and erosional periods of beach morphology. This 

was an effective way of measuring inter-annual variability and comparing contrasting beach states 

at various times of the year. Long-term beach changes could also be determined by this method. 

Mason et al. (1999) suggested ground surveys usually consist of measurements along shore- 

normal transects spaced at regular intervals along the beach using traditional survey techniques. 

Profiles usually extend above mean high water into the area which may be inundated by storms. 
They may also extend below mean low water as far as beach closure depth using a boat mounted 

echo sounder or a sled towed by a boat. Surveying allows for repeatability along the same 
transects with complete beach and nearshore zones being monitored. However, in one- 
dimensional view, this method does not give a contour map, making it difficult to map spatial data. 

Masselink and Pattiaratchi (2000) measured several beaches in Perth on weekly, bi-weekly or tri- 

weekly cycles using standard surveying techniques. The profiles started in the dunes at a semi- 

permanent benchmark and terminated in about 0.5 m water depth. The benchmark elevations for 

each of the beaches were related to the Australian Height Datum (AHD) which was a close 
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approximation of Australian mean sea level. Beach width was extracted from the survey data by 

determining the distance from the edge of the dunes to the intersection of the beach profile with 
AHD level. Mid-beach face sediment samples were also taken. These methods were relevant to 

the Studland research design for measuring alongshore variability of sediment transport, providing 

an Indicator of the longshore and cross-shore sediment drift trends. Topographic profiles have 

been necessary requirements of the Studland study because they are the most common and the 

most efficient source of data in terms of cost. Although the profiles can be laborious, they have 

achieved detailed understanding of the shoreline, resolving the seasonal and alongshore variability 

of the subaerial beach and differences in beach behaviour. 

Cross-sections across the beach (and sometimes across the frontal dunes) are taken With 

reference to fixed marker posts and benchmarks at intervals along the coast. Under favourable 

conditions, surveying accuracy may be as good as ±11 cm but more typically of the order of ±5 cm. 
More recently, kinematic GPS (Global Positioning System) surveying techniques have been used, 

often vehicle mounted, to provide both cross-sectional and grid-based spot height data. Under 

optimal conditions, spatial resolution of a few tens of centimetres and vertical resolution of the 

order of I cm can be obtained (Morton et al., 1994). 

Finally, Gao and Collins (1993) measured the rate of volume change between two neighbouring 
profiles to provide guidelines for future monitoring and to analyse preliminary relationships between 
beach change and the nearshore and offshore sediment movement. Wave heights, exposure to 

significant wave heights and local meteorological conditions were reviewed as part of these 

guidelines. 

3.6.1. Mean Profiles Undertaken for 1990 and 2001-4 Profiles 
Mean profiles have been calculated by finding the mean height from all the measurements taken at 

a given distance along each profile during the 1990 monitoring period. The standard deviation is 

also used to substantiate the variation within the 1990 and 2003 data sets. 
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3.6.2. Volumes 
Longitudinal profiles are characterised by accretion and erosion rates. A volume loss is indicative 

of erosional phases. However, volume loss for one year or over the short-term may not indicate 
long-term erosion. Therefore, it is important to assess longitudinal profiles over a long time period. 

To calculate the beach budget, volumes from the topographical data have been calculated for each 
of the profiles. Two values have been used: (a) the representative distance for a given profile, (b) 

the (vertical) cross sectional area of that profile above a common datum. This method is illustrated 
in Figure 3.6 which shows the profiles (P1,2,3) and the representative distance line dividing them. 

Ll = L2 

L3 = L4 

%% L2 + L3 = Representative 

Distance (RD) 

Area x Volume 

L2 %%% A-- 
AREA 

L3 A PI 

%A L4 
P2 

A--ý"%'% 

P3 

Figure 3.6. Calculating profile cross sectional area and volume. 

As an example, the representative distance for Profile 29 is 200 m. (b) is calculated by taking the 
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height of each level above the common baseline and multiplying it by the distance between two 
adjacent levels taken along the (chainage). All of these measurements have been totalled and 
multiplied by the representative distance. These calculations are represented by the formula 

presented in Figure 3.6. 

The volume change for each profile is recorded over time and plotted as bar charts. Annual beach 
budgets have been calculated and divided into zonal volumes for the HWM, intertidal zone and 
LWM. The methods used by Thom and Hall (1991) have been used to calculate trends with 
volume data. This includes calculating the ratio of mean beach width and beach volume (mean 
beach volumelmean beach width). 

Further analysis includes using a split plot ANOVA to assess spatial and temporal changes in the 
beach to support volume change results. The sediment volumes of the longitudinal profile are 
discussed as a means to providing an understanding of the system's beach budget within the 

morphological model. The author has used the vertical plane method, which involves dividing the 
profile into three zones. The dune zone is everything landward of the benchmark up to 5 rn 
chainage. The intertidal zone is between 5m and 30 rn and the LWM is seaward of 35 m. This is 

generally conformable to the tidal marks on the beach and the landform width, and considered to 
be an easy method for calculating zonal volume changes. 

Much research has been undertaken to calculate beach sediment volumes. For example, Dubois 
(1988) calculated sediment volume per unit length of the beach for the shore above the sea level 
datum by using the average volume of all profiles. Eliot and Clarke (1989) used linear least 

squares analysis to measure beach mobility and shoreline variation. This method had limitations 
imposed by the nature of data collected. Bias in the secular trend included changes in the 

sediment supply to the shoreline, occurring from natural change in the sediment supply resulting 
from rhythmic topography, liftoral drift, headland bypassing and embayment adjustment. The 

relationship of mean beach volume and width expresses changes in the profile shape in time and 
space. 
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3.7. Time Series Analysis 

Time series analysis has been used to compute the magnitude and frequency of profile 
variability. It measures periodicity of change and is based upon a series of observations 
ordered in time and space (Hahn, 2002). The method chosen is Fast Fourier Transform (FFT) 

as it is the only acceptable mathematical method for determining the frequency spectrum, 

period or wave number from a set of time (or spatially) varying data. FFT is an efficient 
technique for expressing a wave form (time series) as a weighted sum of sines and cosines 
(Hahn, 2002). Given a finite set of data points, a periodic sample taken from a real world 

signal, the FFT expresses the data in terms of their component frequencies. 

The time series analysis enables the following to be undertaken: 

=> Classification of profile zones according to types of variability: i. e. annual variability, 

sub-annual, quarterly, monthly. A profile may have annual variability in the dunes and 

monthly/tidal variability within the upper and lower limit of the interticlal zone. 
Interpretation of the factors responsible for variability. For example, seasonal 

variability in the dunes may affect vegetation growth. Erosion will have a knock-on 

effect on the response and 'stability' per se of the dunes. 

=: ý Description of the spatial distribution of variability and distinguish between locality and 

causal factors. 

=:: ý Development of a three dimensional morphological model related to time and space. 

FFT analysis has been undertaken using MatlabTM. In order to use the topographic data in 

MaUabTm. the ExcelTM files containing the raw topographical data were converted into grids 

according to the data's format. Where no data was available, a 'NAN' (Not A Number) was 

attributed to make the data equal in rows and columns. The spectral analysis has been used to 

express morphological variability along the beach using the weekly data from 2002/03, and 

compare the frequency of variation within and between profiles to determine the timescales 

over which a profile may operate. Eliot and Clark (1982a and b) showed Fast Fourier 

Transforms could be effective in establishing periodic components of beach change and so 
have been used as a means of analysing periodicity of beach change within the Studland 

system. They can be applied to any beach profile data to analyse cross-shore variability within 

a magnitude frequency relationship. Assumptions can be made about the variability. However, 
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when tied in with climatic data and wave data, patterns can be analysed to observe the 
influences of these proxy data. 

3.8. Sediment Size Analysis 

Sediment was sampled to understand the potential sediment transport processes operating 
within the beach system, giving a clearer understanding of the beach dynamics. At Studland, 
this data was collected by taking samples from the dune, intertidal zone and LWM. These 

zones were determined by morphological boundaries. The dunes were classed as the dune or 
backshore (particularly where dunes were absent), usually found landward of the intertidal 
berm. The intertidal zone was classed as the boundaries demarcated by the upper tidal limit 

and the lowest swash limit on the beach; the LWM was classed as the swash zone - the 

present limit of the water line. Three samples were taken with a trowel along each profile, 
bagged and returned to the laboratory where they were weighed and oven dried. 
Subsequently, the samples were re-weighed and sieved. The percentage of sediment passing 
through each sieve aperture was recorded. 

From the sediment samples, mode, median and mean of sediment grain size could be 

calculated. Standard deviation indicates the degree of sediment sorting; skewness can be 

plotted against standard deviation. Mean grain size indicates the magnitude of force. Good 

sorting was indicated by a small standard deviation produced by the selective action of winds 

and or waves 

Lacey (1985) used sediment size analysis to ascertain longshore drift directions along the 
Bournemouth coast. Benedet et al. (2004) collected beach sand data at several cross-shore 
elevations along profiles extending between dunes and closure depth. The sampling was 
conducted shore-normally at pre-determined cross-shore profile locations that included: dune 
toe, Mean High Water, Mean Tide Line, bar and trough systems, and at approximately 1 rn 
depth intervals seaward of the bar system to about 6 rn depth. 

3.9. Inclusion of local meteorological data 

Central to these studies has been the routine monitoring of beach profiles and wave/tidal 
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patterns and the acceptance that although the physics may be similar on different beaches, 

each beach has a very individual morphodynamic response and sensitivity to change. 
Research has also demonstrated that beaches were very responsive geomorphological 
systems operating on a wide spectrum of temporal scales from individual tidal cycles to 
occasional decadal storm-events (Leatherman, 1979; Morton, 2002). 

Wind data for this study was independently collected on a daily basis for monitoring the local 

meteorology of the Harbour by Poole Harbour Commissioners at Poole Harbour entrance at an 
interval of every 15 minutes using an anemometer. Tidal data and atmospheric pressure was 
also collected at the same time and utilised within this study. The study also utilises wave data 

collected during the time period of the Studland research (independently and not for the 
purpose of this study) by CCO at Bournemouth wave rider buoy. Additional data has also been 

supplied by British Oceanography Data collection (BODC) from the same wave rider buoy. 

3.10. Summary 

This Methodological Review has explored the methodological techniques used in this research: 
both data gathering and processing, outlining limitations of previous research in the 

understanding of beach geomorphology. The methods of data collection and analysis have 
been informed by the choice of previous methods available and the complexity of research, and 
also the list of questions outlined in the Literature Review. Limitations of this process have 
been scale (both temporal and spatial). The methodology used here is designed to delineate 
the temporal and spatial scales of the various processes operating within the Studland Beach 

system, relating the conceptual models described in the Literature Review. This review has 

outlined research limitations and explored new techniques which improve upon other methods 
of data collection which have been designed to make the understanding of the Studland system 
more comprehensive. 

The research framework is complex in order to sample the geornorphological response of the 
Studland beach system in a holistic manner. Monitoring and understanding systems that 

operate on such a broad spectrum of frequencies is challenging and dependent on good long- 
term data sets. The results from such studies are ultimately limited by the time-span of 
monitoring. The methods of data collection have been outlined to consider the temporal and 
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spatial scales of the various processes operating within the Studland Beach system, to provide 
a broad overview of the system as a whole, and of the smaller compartments of the system. 
Past research based solely on topographic surveys has not provided the answers to the key 

research questions. 

This chapter has identified shortcomings in archival data quality and reconciliation of datums 

and projections. Historical archive interpretations can only be based on the quality of the data 

available. Archival materials such as bathymetric and topographic charts originating from prior 
to 1745 were used to derive an interpretative model of the system's historical development. 
Historical material was chosen on the basis of their importance within the evolutionary stage, 
using a set of criteria to assess their usefulness. A series of aerial photographs were also used 
to analyse shoreline changes since 1945. A variety of detailed bathymetric surveys have been 
used to provide information on both the nearshore and offshore bathymetry of Studland Bay 
from 1990 to 2004 in order to identify offshore morphological variation. 

Whilst quantil'ying morphological variation, the methodology has developed the linkage 

between shoreline progradation and the changing morphology of the ebb tidal delta. 

Furthermore, a morphological model of the Studland system using time series analysis was 
developed to calculate temporal and spatial variability whilst assessing the nested hierarchy of 
temporal change in the Studland system. The timescales include: 

=: ý Analysis of charts and maps over circa 200 years; 

=> Aerial photographs over circa 60 years; 

=> Topography over circa 15 years; 

=> Topography collected on a weekly and monthly basis for three years. 
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Chapter Four. The Examination of Multi-Proxy Data to Determine the 
Historical Evolution of Studland 

The aim of this chapter is to explain the historical evolution of the Studland coastal system 
using a variety of data sources providing information from a wide range of complementary 
timescales, ranging from pre-1745 to the present day. The data sources used include: 

=> Historical cartography (1785 onwards) outlining the system's developmental stages; 

=> 20th Century aerial photographs determining the level of change within the system 
over the last seventy years; 

=> and Ground Penetration Radar (GPR) data for reconstructing a section of Studland's 

sedimentary environment. 

This is the first of the analytical chapters of this thesis, providing the large-scale basis of the 

research. This chapter outlines the first stages of the Studland system, providing a focus for 

describing the temporal progression of the system, and a framework from which smaller scales 
can be outlined in terms of process, scale and form. The foregoing sections provide a review 
of the historical archive and an interpretation of the evolutionary stages of the Studland system; 

an outline of shoreline position variations, a review of aerial photographic coverage, a 
description of the subsurface topography and a discussion of the evolving morphology of 
Studland Peninsula and Poole Harbour. This includes examining the linkage between 

shoreline progradation and the changing morphology of the ebb tidal delta. 

4.1. Review of the Historical Archive 

This section evaluates the historic charts to illustrate the system's evolutionary phases (Table 

4.11). Figures 4.1 and 4.2 show early maps drawn from the Treswell and Avery studies. They 

are not used within the shoreline calculation section but highlight the first illustrations of 
Studland Peninsula. The Treswell map demonstrated that by the end of the 16th Century a spit 

already existed enclosing Little Sea (Figure 4.2), contrary to the usual history based on Diver 

(1933). This was known as Burnet Poynte. There was also a narrow ridge extending 

northwards to the mouth of Poole Harbour where it formed a large recurve. Studland's 

seaward shore changed noticeably since the Treswell survey, as outlined in the following 

section. 
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Figure 4.1. Examples of early maps of Studland from West (2004). 

The Treswell map of Studland parish is of particular interest for several reasons. First, it 

provides detailed information about the land holdings and coastal features of Studland. 

Second, it provides a baseline against which the historical changes on this coast can be 

estimated. Finally, it is a very good example of the detail which was included in estate maps as 

early as the end of the Sixteenth Century, 
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The map is drawn with east at the top of the map. In the lower left hand area of the map there 

are two linear scales. The first is "A Scale of perches at 15 foot 9 inches", the other 'A Scale of 
perches at 16 foot Y2to a perch". A perch is the equivalent of 5.1 metres. 

The map shows that by the late sixteenth century there was already a spit, named as Burnet 

poynte, enclosing Little Sea, around which there were fourteen fields. The field boundaries are 

cJeady marked. Treswell shows a narrow ridge extending northwards to the mouth of Poole 
Harbour where it forms a large recurve. Its tip was circa 641 m from Brownsea Castle. Today, 

a low intertidal gravel and sand ridge, known as Stone Island, reaches to within 500 m of 
Brownsea Castle. Four small headlands, shown as 'Rede orde', 'Coke orde', 'Geries orde' and 
Rckmans orde'coincide in position with the modern Redhorn Quay, an unnamed ridge, Jerry's 
Point and Gravel Point (May, Pers. Comm). Although the seaward shoreline of Studland parish 
changed considerably in subsequent centuries, Treswell's map shows that the south-eastern 

shore of Poole Harbour changed very little. 

Within this section, there follows a description of the central morphological features of each 

chart. Additionally, there are descriptions of the changing contour positions relative to the 

shoreline, calculations of area and rates of change of the sand bodies within Poole Harbour 

entrance and Studland Bay (Table 4.2). 
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Figure 4.2. The Treswell Map. 
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DATA SOURCE TITLE DATE HAD IT BEEN USED REASONS FORAGAINST 
Treswell survey 1585-6 Referred to in discussion 
Arkel 1947 Referred to in discussion Insufficient detail to be mapped in 

GIS 
Dtver 1933 Referred to in discussion Insufficient detail to be mapped In 

GIS 
Wilson 1960 Referred to in discussion Insufficient detail to be mapped In 

GIS 
1745 Yes in interpretation 
1785 Referred to in discussion 
1849 Yes in interpretation 
1853 Yes in interpretation 
1868 No Insufficient detail for establishing 

control points 
1878 Yes in interpretation 
1879 NO Same detail as 1878 
1910 Yes in interpretation 
1912 Yes in interpretation 
1934 Yes in interpretation 
1947 _ Yes in interpretation 
1970 Yes in interpretation 
OS maps Yes in monitoring HWM/LWM 

movement 
1890 Yes in monitoring HWM/LWM 

movement 
1925 Yes in monitoring HWM/LWM 

movement 
1955 Yes in monitoring HWM/LWM 

ovement m 
1963 Yes in monitoring HWM/LWM 

movement 

Table 4.1. Review of the historical archive. 

4.1.1. Historic Rates of Shoreline Change 
In 1745, Studland was much smaller than today, consisting of an arcuate coastline with a 
substantial northern and southern promontory broken by an embayment (Figure 4.3). The 

promontories extended towards each other. The northern promontory was connected to a 
much larger promontory extending north-eastwards (prograding seawards). The large natural 
embayment was drained by a small channel perpendicular to the eastern shore, and located in 

an area which now forms part of the Studland dunes and beach system. Seaward of the 

northern sand body, and located offshore, was a feature called "Wild Pool" lying in juxtaposition 
to the main channel, flowing parallel with the northern shore of Studland between Studland and 
Sandbanks. The main channel subsequently changed orientation to flow perpendicular to the 

eastern shore. Its most seaward end was connected to the eastern boundary of a substantial 
seabed feature (Milkmaid Bank). 

By 1849, (Figure 4.3), the sand body attached to the northern promontory increased in size, 
extending eastwards. The southern promontory grew wider. The outline of the embayment 
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was present but the perpendicular drainage channel was absent. Instead, the drainage 

channel flowed northwards, initiating the early stages of Little Sea's development where a small 
pool had developed. Little Sea and the drainage channel were isolated at low tide, possibly 
exacerbated by the inhibition of marine action by a seaward spit-type feature. This was 
attached to the southern promontory, and extended northwards, with a hooked feature at its 

northern end. Little Sea's isolation was augmented by the growth of a beach ridge on the spit, 

probably preventing tidal water from reaching the drainage channel from the eastern shore. 
The gradual sand deposition on the eastern edge of Little Sea would have interfered with and 
completely blocked the escape of much surface drainage water, damming the area, and 
forming a lake. Beach ridge construction led to a deepening of water offshore. 

Two transverse bars were attached at 40" to the spit's northern end, with the most substantial 
body being the most northerly. The original chart states that 'Wild pool' was present but there 

were no contours on the map to illustrate this. Offshore, Milkmaid Bank and Hook Sand 

exhibited extensive morphologies. Their sizes ranged from 2.1 and 1.4 W. Offshore, the 

main channel consisted of a substantial sand body (0.1 W) at its terminal (Bar Sand). The 

seabed contours within Studland Bay became more cuspate and irregular in the northern end. 
The contours remained shore-parallel in the southern reaches. 

By 1849, the northern sand body became attached to the southern promontory and infilled to 
form one large sand body forming the foreshore (Figure 4.3). This coincided with sand bars 

attaching to the shore, and the spit-type feature amalgamating with the shore. The beach 

became more embayed. It is likely that erosion led to the removal of the transverse bars, 

unless there was sedimentation between them. These had disappeared by 1853. Little Sea 

developed as two small lakes replacing the former drainage channel. Offshore, the elongated 
Hook Sand became substantially longer and higher with an area of 1.8 W. Bar Sand 

increased in size (0.28 kM2) on the landward edge (Figure 4.3). Milkmaid Bank receded 
landwards becoming less extensive in its northern section (total area of 2.28 W), 
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Figure 4.3. Studland 1745 and 1849. 
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Between 1878 and 1912, foreshore progradation occurred (Figures 4.4 and 4.5). Figure 4.4 
illustrated the changes occurring in 1910 but there was little detail other than to outline interim 
stages in the system's morphological changes. The Training Bank was constructed (in the 
1870s) and later extended, controlling the Swash Channel's configuration, and consequently, 
altering the morphology of both the beach and the offshore system leading to Shell Bay's 
development on Studland's northern shore. In 1912, Studland Beach resembled its present 
form (Figure 4.6). However, Knoll/Middle and South Beaches appeared wider than at present, 
with landward migration of the beach towards the original southern promontory. By 1912, Little 
Sea became one lake with a smaller lake on its eastern shore (Eastern Lake). Shell Bay may 
have undergone accretion with the development of recurve features. However, there were 
small-scale changes offshore. The offshore zones altered further with the presence of several 
embayments and crenulation in the large offshore sand body. Hook Sand had changed size 
and morphology since 1878, losing the hooked end in its southernmost reaches. The area had 

varied from 1.8 to 1.43 W. As a consequence, the Swash Channel changed orientation 
(Figure 4.6). 

By 1934, Shell Bay had developed and had a similar planform to the current beach (Figure 
4-7). The bay was asymmetrical with a deep indentation on the eastern side of Shell Bay, 

adjacent to Pilot's Point. At Pilot's Point, adjacent to the Training Bank, along Studland Beach, 
the shoreline was crenulate along the LWM. In 1970, the shoreline was crenulate with several 
perpendicular features (Figure 4.7). These features were not as extensive as in the 2003 data 
but were in the same place. The seaward outline of Milkmaid Bank had changed over time 
(with an area of 2.2 W). There were more extensive seaward elongations than at present. 
The features were similar but not as crenulate. The isolated feature present in 1912 appeared 
to have become attached by 1970. Overall, the whole of the Studland shore was more 
crenulate than in 1912. 

Figure 4.8 provides a pictorial representation summarising the changes in the Studland system 
over time. It also gives an impression of the level of representation in each chart. Detail varies 
in each chart, which alters the'area'of each bed feature. 
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Figure 4.5. Seabed morphology 1878 and 1910. 
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Figure 4.6. Seabed morphology between 1912 and 1934. 
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Figure 4.7. Seabed morphology of 1947 and 1970. 
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A decrease in 'area' may not be totally realistic because it is defined by what the creators 
chose to show and also the clarity of the contours and/or the water depths on the chart. Table 
4.2 illustrates the area change (W) for morphological features between 1849 and 1970. The 

areas vary substantially over time and spatially. Hook Sand and Milkmaid Bank have the 
greatest areas over time. 

1849 1853 1878 1878a 1910 1912 1934 1947 1970 
Shoreline 0.68 0.6 0.6 0.64 0.51 0.47 0.1 0.75 0.57 
Swash Channel 0.78 0.79 0.97 0.97 1.08 
Sanczanks 0.07 0.27 0.26 0.2 0.02 0.09 0.12 0.12 
Hook Sand 1.44 1.84 1.88 1 1.77 1.12 1.43 1 1.08 1.22 
Hook Bar 0.48 0.21 0.22 0.14 1.06 0.13 0.06 1.3 
lwUmiaid Bank 2.14 2.28 2.32 2.26 0.61 2.1 0.69 1.48 2.18 
Bar Sand 0.14 0.28 0.28 0.14 0.08 0.09 
Redend Point I I 1 0.09 0.08 

Table 4. Z Area of each major morphological feature In kmý Tthe shoreline does not Include all of the 
shoreline, just the mappable area between the HWM and the LWM. Areas are subjective and determined 

by the chart originator and the author. 

Table 4.3 shows the net area change between the areas of Poole Harbour/Studland Bay 
between 1745 and 1970. These area changes are also illustrated in Figures 4.9 to 4.13. 

1745 1849* 1947 NET CHANGE (KM2) 
Foreshore 0.36 0.68 0.75 0.39 
Sivash Channel 0.99 0.78 1.08 0.09 
Sandbanks 0.28 0.07 0.12 0.16 
Hook Crest 1.44 1.22 0.22 
Hook Bar 0.48 1.3 0.82 
MJvnaid Bank 2.14 1.48 0.66 

Table 4.1 Not area change of each morphological feature * 1849 is used where no area measurements 
have been calculated in 1745. 

Table 4.3 illustrates a small degree of variability in area change of each morphological feature 

in km2 between 1745 and 1947, or where data is absent, between 1849 and 1947. Between 

1745 and 1947, most change is in the foreshore and least change in the Swash Channel. If a 

comparison between these areas was made for 1849 to 1947, most change would occur in the 
Swash Channel and least at Sandbanks. Between 1849 and 1947, most change occurred at 
Hook Bar (0.82 W). 
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Figures 4.9 to 4.11 compare the spatial variability of the change in the areas, showing how 

much change can be measured between successive surveys. The increase in foreshore 

change corresponded to a loss in Hook Sand between 1745 and 1849 (Figure 4.9). Foreshore 
imease also corresponded to a loss in Sandbanks (Figure 4.9). Hook Sand, Milkmaid Bank 

and Bar Sand increased in area (Figure 4.10). Between 1849 and 1853, the foreshore, Swash 

Channel and Hook Bar lost sediment. However, Sandbanks, Hook Sand, Milkmaid Bank and 
Bar Sand increased (Figures 4.9 and 4.10). The foreshore increased during 1853-1878, whilst 
the Swash Channel did not change (Figure 4.9). This era showed the smallest increase. 

Sandbanks decreased whilst Hook Sand, Hook Bar, Milkmaid Bank, and Bar Sand increased 
(Figures 4.9 and 4.10). Between 1878a and 1853, the trend differed. from that of 1878-1853. 
The Swash Channel increased substantially, Sandbanks, Hook Sand, Hook Bar, Milkmaid 

Bank and Bar Sand decreased. Between 1878 and 1910 and 1878a-1910, the shoreline, 
Sandbanks and Hook Sand, Sandbanks, Milkmaid Bank, and Bar Sand decreased, the Swash 

Channel and Hook Bar increased. The greatest increase in area with shoreline change was in 

1934 to 1947. The greatest overall loss was in 1912 to 1934 with the smallest loss being 

between 1910 and 1912. 

Between 1910 and 1912, the foreshore, Hook Bar and the Swash Channel decreased, whilst 
Sandbanks, Hook Sand and Redend Point increased. Between 1912 and 1934, the foreshore, 

Swash Channel (Figure 4.9), Hook Sand, Hook Bar, Milkmaid Bank (Figure 4.10), Bar Sand 

(Figure 4.11) decreased. The remaining features increased. Between 1934 and 1947, the 

foreshore, the Swash Channel, Sandbanks, Hook Sand, Hook Bar, and Milkmaid Bank 

Increased. Between 1947 and 1970, there was a decrease in the foreshore's area, the Swash 

Channel, Sandbanks, Hook Sand, and Hook Bar whilst Bar Sand and Milkmaid Bank increased 

substantially. 

The greatest increase in the Swash Channel's area occurred between 1934 and 1947. The 

smallest increase was between 1878a and 1910 (Figure 4.9). The greatest loss was in 1947 to 

1970 with the smallest loss between 1745 and 1849. Sandbanks increased in area 

substantially between 1849 and 1853 (Figure 4.9). The smallest increase was between 1934 

and 1947. The greatest loss was in 1878 and 1910 with the smallest loss between 1853 and 
1878. The greatest gain was between 1849 and 1853 with the lowest between 1853 and 1878 

(Figure 4.15). The greatest loss was in 1878 to 1910; the smallest between 1912 and 1934. 

107 



0800 

0600 

0400 

T0 2DO 

0000 
1 849-1745 lelgg 1878-1853 1878a-1853 1 12 1947-1934 19M7 

. 0200 

-0400 

-0600 

1 500 

1000 

0500 

0000 1 

c 53-1149 1878-1853 1878a-1853 1910-1878 1910-1878a 1912-1910 IM4.1112 1947-1934 19 7 

-0500 

.1 000 

-1 500 

0250 

0200 i 

0150 

0 100 

0050 

0000 
IIA-91' 45 1910.1ý 78 19 1853 1849 1878 1853 l8 (ý. j 8a 1912-1910 1934-1912 1947-1934 17 

-0050 

ff 

-0 IDO 

.0 150 

-0200 
L J, 

m 

. 0250 ; 

0300 

Ti. 9 

Figure 4.9. Area change for the Shoreline (top), the Swash Channel (middle) and Sandbanks (bottom). 
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Figure 4.10. Area change for Hook Sands (top), Hook Bar (middle) and Milkmaid Bank (bottom). 
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Figure 4.11. Area change for Bar Sand. 

Figures 4.12 to 4.14 show change for Hook Sand, the foreshore and Milkmaid Bank. In 1745- 

1849, all three sites increased during this time, with the foreshore decreasing the least and 
Milkmaid Bank increasing the most substantially. Between 1849 and 1853, Hook Sand and 
Milkmaid Bank increased. Hook Sand increased the most. In 1853-1878, all three sites 
increased by a small amount with Milkmaid Bank increasing the most and the foreshore the 

least. Between 1878a and 1853, only the foreshore increased with Hook Sand losing the most. 
In 1878-1910 and 1878a-1910, all sites lost with Milkmaid Bank losing the most and the 

foreshore the least. From 1910-1912, Milkmaid Bank gained the most and the foreshore lost. 

From 1912-1934, all sites lost with Milkmaid Bank losing the most and Hook Sand the least. 

Between 1934-1947, all sites increased in area, with Milkmaid Bank gaining the most and Hook 

Sand the least. In 1947-1970, Hook Sand lost the most, the foreshore the least, and Milkmaid 

Bank gained. 
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Figure 4.12. Rate of area change for Sandbanks, Milkmaid Bank, Hook Sand, Swash Channel and Bar 
Sand (measured in km2). 

The rate of change per year graph (Figure 4.13) shows there was spatial and temporal 

variability per year. The greatest loss was in 1849-1853 with the Swash Channel losing the 

most area with gain in Hook Sand and Sandbanks. The greatest gain was in 1910-1912. 

Between 1912-1934 and 1947-1970, all sites lost sediment. The greatest gain was in Milkmaid 



Bank between 1910 and1912 (Figure 4.14). Losses occurred in 1912-1934,1910-1878 and 
1878a-I 853. 

Table 4.4 illustrates depth changes for each of the features between 1878 and 1970. Together 

with area, these amounts give an indication of the sediment movement of the offshore features. 

1878 1878a 1910 1912 1934 1947 1970 
Swash Channel 14 14 16 16 
Sandbanks 
Hook Sand 4 4 5 6 1 3 
Hook Bar 5 1 1 

_0,4 
1 L 

Milk M Milkmaid Bank 6 4 7 6 Oj3 3 Ej 

B Bar , Sand 6 6 10 5 5 

Table 4.4. Variation in depth (metres) 

The Swash Channel was deepest in 1910-1912 but has shallowed progressively since (Table 

4.4). The water around Hook Sand and Hook Bar also got progressively deeper, although the 

water was shallowest in 1934. The water above Milkmaid Bank was deepest in 1910 with the 

water getting progressively shallower since. The progressive deepening of water would 

represent erosion or sediment movement, and the progressive shallowing represents 

Sedimentation. So, if there was an increase in area with a decrease in depth, in theory the 

volume of the morphological feature should be increasing. 

Rate of change 
1849- 
1745 

1853- 
1849 

1878- 
1853 

1878a- 
1853 

1910- 
1878 

1910- 
1878a 

1912- 
1910 

1934- 
1912 

1947- 
1934 

1970- 
1947 

Shoreune 0.003 -0.019 0.001 0.001 -0.003 -0.004 -0.019 -0.017 0.05 -0.008 
$wash 
Cha-M -0.002 -0.2 0 0.032 0.03 0.0056 -0.001 -0.04 0.083 -0.047 

Sardbanks -0.002 0,051 -0.0002 1 -0.0028 -0.008 -0.0057 1 0.034 0.0017 0.0001 -0.005 
hook Sand 0.012 0.01 0.002 -0.0029 -0.024 -0.02 0.158 -0.016 0.011 -0.05 
Hook Bar 0.005 -0.068 0.0005 -0.0025 0.026 0.029 -0.5 -0.003 0.1 -0.06 
M*ffad Bank 0.021 0.03 0.002 -0.0008 -0.054 -0.052 0.75 -0.06 0.061 0.03 

. 
Sm Sand 0.0013 0.035 

. 
0.00018 -0.005 1 .0 88 -0.004 0.04 

. -0.004 0 0.004 
I RedVW Point 0 0 10 0.0035 1 01 -0.003 )04 1 0- =1 

Table4.5. Rates of change per year (mefres). (Minus figures demonstrate loss. Positive figures show 
gain). 

Figure 4.17 shows the overall amount of change per morphological unit between 1745 and 

1970. it can be seen that overall Milkmaid Bank, Hook Sand, Bar Sand have gained sediment 

Vvith a loss of sediment to the shoreline and Swash Channel, overall. 
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Figure 4.13. Areas representing loss and gain between 1745 and 1970. 
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4.1.2. Shoreline Position Changes 
Shoreline changes and the movement of the LWM/HWM were measured for several of the 
historical maps along chosen profiles (the profiles used in the beach topography data 

collection). Table 4.6, which illustrates the position of the HWM and the LWM, suggests 
several changes. Between 1987 and 2003, there was spatial variation in the migration of the 
LWM compared to the HWM. Several profiles have a seaward movement of the HWM 
between 1987 and 2003 and a landward migration of the LWM, indicating the intertidal zone 
was shrinking and steepening. 

PROFILE HIGH WATER MARK MIGRATION 
BETWEEN 1987 AND 2003 

LWM MIGRATION BETWEEN 1987 AND 
2003 

35 Seaward Landward 
36 Seaward Landward 
37 Seaward Seaward 
38 Seaward Landward 
39 Seaward Seaward 
40 Seaward Landward 
41 Landward Landward 
42 Landward Landward 
43 seaward Seaward 
44 Seaward Seaward 
45 Seaward Seaward 
46 Seaward Landward 
47 Landward Landward 

. 48 Landward Landwa 
149 Landward Landward 

Table4.6. HWM and LWM migration between 1987 and 2003. 

Figure 4.14 illustrates the rate of change between the LWM and the HWM between 1890 and 
2003 per year. The northern sections of Studland from Profiles 37 to 45 have an increased 

rate of change with an increase in the distance between the LWM and the HWM and a 

substantial shoreline. Clearly, the middle sections of Studland between Profiles 37 and 45 

have an increased foreshore growth, compared to the loss of sediment in Profiles 46 to 49 and 
35 and 36. Profiles 46 to 49 have undergone landward recession. Profiles 38 to 43 have 

undergone the most change with the HWM difference increasing the most. In the landward 

receding profiles in the south, it was the LWM difference that increased the most. The same 
trend can be seen here as in the rate of change between 1890 and 2003. 

Variation in shoreline indicators are expressed in Table 4.7. The data show a significant 
temporal change. HWM/LWM movement illustrated that seaward migration of the HWM 

together with the landward migration of the LWM means there was a smaller intertidal zone and 
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steeper shoreface. The data show a rapid increase in shoreline erosion, exponentially, over 
Ume. In 1890, most of the HWM was landward of the current benchmarks. Some profiles 
exhibit landward migration others seaward with HWM and the LWM. Erosion and accretion 
rates were extremely variable and may not reflect the long-term trends. 

1890-2003 Average change per year 
Profile HWM diff LWM diff HWM rate LWM rate 
35 -19.42 -29.58 -0.17 -0.26 
36 -23.33 -36.41 -0.21 -0.32 
37 54.51 27.86 0.48 0.25 
38 126.64 108.3 1.12 0.96 
39 125.79 104.46 1.11 0.92 
40 84.15 104.52 0.74 0.92 
41 133.54 107.72 1.18 0.95 
42 143.06 121.75 1.27 1.08 
43 127.17 95.24 1.13 0.84 
44 69.28 39.6 0.61 0.35 
45 34.78 5.53 0.31 0.05 
46 -69.81 -124.72 -0.62 -1.10 
47 -89 -150.25 -0.79 -1.33 
48 -40.47 -89.45 -0.36 -0.79 
49 1 51.33 -85.79 -0.45 -0.76 

Table 4.7. Variation In shoreline indicators. Summaty of HWM and LWM difference for a selection of 
Profiles along Studland Beach between 1890 and 2003, and the average rate of change per year in metres. 

Minus figures demonstrate loss. 

The long-term trends of shoreline positions can be shown in Table 4.8. The results show how 

variable shoreline positions have been over time. Over the long-term, the profiles which 
Plustrated a predominately erosional trend during the 1990s and 2000's also indicate an 
erosional long-term trend in spite of the fact that there might be seasonal accretion or short- 
term accretional trends in the intertidal zone, for example (Table 4.8). 
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LWM CHANGE HWM CHANGE 
profile 1890- 

1925 
1925- 
1955 

1955- 
1963 

1963- 
1987 

1987- 
2003 

1890- 
1925 

1925- 
1955 

1955- 
1963 

1963- 
1987 

1987- 
2003 

28 -55.78 47.94 -3.31 -1.08 -37.65 48.73 -5.22 -2.52 
29 -163.62 -14.24 -1.52 16.41 -143.3 -14.55 -2.7 11.55 
30 1 -22967 -11.61 -0.06 12.96 -211 ý39 -15.1 -0.87 5.35 
35 -58,56 43.34 -0.32 -2.33 -11.71 -63.1 54.04 -7.3 -36.11 33.05 
36 -82.37 29.76 3.06 17.34 -4.21 -59.6 29.54 -1.86 -19.42 28.01 
37 -47.92 43.48 -2.56 32.94 1.94 -15.75 8.93 -5.77 41.14 25.97 
38 43.07 7.95 -3.1 67.2 -6.82 56.13 -20.58 -1.31 72.45 19.95 
39 38.57 3.72 -2.72 54.19 10.71 62.03 -8.26 -4.8 56103 20.79 
40 52.09 6.44 -2.75 61.83 -13.09 25.23 3.11 -3,78 52.82 6.78 
41 45.34 6.18 54.29 15.88 -13.97 56.4 7.43 60.41 14.07 -4.77 
42 52.44 4.03 74.18 6.36 -15.26 58.68 3.87 74.04 11.54 -5ý06 
43 33.77 2.71 49.86 -12.23 21.13 48.13 1.42 6332 -0.94 15.25 
44 4,26 0 35.15 -12.21 12.39 7.39 1.35 52.91 -7.27 14.9 
45 -14.77 -1.22 17.15 2.65 1.73 -0.06 -1.52 19.24 13.32 3.81 
46 -86.23 -0.63 15.43 -32.61 -20.69 -45.45 0.16 17.58 -52.68 10.58 
47 -74.31 -11.94 19.17 -31.79 -51.38 -28.62 -5.44 18.05 -63.84 -9.15 
48 -46.11 34.53 15.31 -37.32 -55.85 -14.56 -2.98 18.63 -32.15 -9.42 
49 -41.4 18 13.28 -52.28 -23.42 -34.25 -14.75 12.26 -7.92 -6.68 
50 -28.94 17.15 8.06 -3.64 -6.75 10.83 7.36 -6.43 
51 79.06 2.54 13.88 -4.76 -9 3.3 10.92 -15.71 
52 -5093 1 4.32 -9.09 -0.86 -5.22 3.1 -0.59 -10.93 

Table 4.8. Difference in LWM and HWM change between 1890 and 2003 (measured in m). 

The following graphs (Figures 4.14 and 4.15) illustrate the rate of change between 1890 and 

2003. The data have been extracted from Table 4.8. 

Rate of change between 1890 and 2003 
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Figure 4.14. Rate of change between 1890 and 2003 in the LWM and HWM differences. 
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Figure 4.15. Rate of change in the HWM between 1890 and 2003. 

Most change in metres per year occurred between 1955 and 1963 particularly in the 

advancement of the LWIVI and HWIVI (Figures 4.14 and 4.15). Profiles 41 to 44 illustrated the 

most change (Figure 4.16). The slowest change was between 1890 to 1925 and 1925-1955. 

Between 1955 and 1963, there was the greatest change. 1963-1987 had more change than 

1987 to 2003. Most gain was in the northern section of Studland between Profiles 37 to 40. 

Most loss was between Profiles 46 and 52. The same trends can be seen again with northern 

gain and southern loss. 

The variation in the LWM shows a similar variation (Figure 4.16). Again, most change was 

within 1955 to 1963 between Profiles 41 to 47. 
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Fiaure 4.16. Rate of chanae in the LWM. 

Between 1963 and 2003, most gain was in 1963-1987 between Profiles 29 to 42, whilst during 

1987-2003, most of the profiles in this area showed a loss. Between the two time periods, loss 

occurred between Profiles 46 and 52, with most loss between 1987 and 2003. 

4.1.3. Summary of Changes Within the Historic Archive 
This section outlines major changes in the historic archive: 

1745: basic mapping. Swash Channel had northwest-southeast orientation. Milkmaid 

Bank similar morphology to 1849. 

z: ý 1849: substantial differences in this map compared to 1853. Bar Sand was more 

elongated with a north-south axis rather than the usual east to west axis. It appears to 

have been separated from the south end of Hook Sand. Hook Sand had changed 
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morphology with large substantial sand bar attached to the shore. Along Studland 

there were two en echelon bars, one at Pilot's Point and the other circa 750 rn 
southwards. Most features within this map have a north south axis. 

=: ý 1853: mapping data the same. 
1878/9: Milkmaid Bank was more extensive seaward coupled with larger Hook Sand. 
Absence of Pilot's Point and Shell Bay. Crenulate Studland shoreline. Bar Sand was 
much larger in size than in 1912. 

=> 1910-1912: small-scale change. Very little change in the shoreline. Most of the 

changes were in Hook Sand. The distal end of the Swash Channel shows 
indentations. 

1934: deep indentation on eastern side of Shell Bay. Substantial area of sand in the 

shallows. Pilot's Point/Studland Beach - crenulate LWM. 

=> 1977: crenulate shoreline with perpendicular features. Not as extensive as in 2003. 

Seaward outline of Milkmaid Bank changed over time. More extensive seaward 

elongations than at present - features were the same but not as crenulate. 

4.2. Review of Aerial Photograph Data 

Serial aerial photographs have provided some perspective on the evaluation of the Studland 

coastal system during the last 70 years. 

4.2.1. Description of Shell Bay 
Figure 4.17 illustrates the dominant features of Shell Bay in the 20th Century. Shell Bay was an 

asymmetrical dune-backed beach in 1930, narrowest on the western side (adjacent to the 
ferry). The eastern side (Pilot's Point) showed signs of infilling seaward of the dune ridge 
backing the beach. Shell Bay increased in width in the embayment. A well-defined 
(ephemeral) drainage channel was present which exited from the marsh area behind Shell Bay 

(Figures 4.17 and 4.18). 

In 1948, the dunes were absent at the western end, and the bay was asymmetrical with a wide 
beach in the lee of Pilot's Point. Shell Bay underwent rapid sediment accretion associated with 
beach widening subsequent to the late 1940s (Figure 4.17). In 2003, the drainage channels 

were observed at both the eastern and western ends of Shell Bay (Figure 4.17). These 
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occurred as drainage during winter or times of high rainfall/groundwater discharge. The beach 

was wider in the middle section of Shell Bay than in earlier aerial photographs with the eastern 

end of the curvature more pronounced. Dune height variability was not obvious from the 

sequence of aerial photographs. 

Figure 4.17. Summary of photographic change within Shell Bay. These aerial photographs are not the 
same scale or orientation. Additionally, the 'wave'pattern on the photographs is an artefact of the 

photograph (NOC and DCDA). 
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4.2.2. Description of Studland Beach 
Studland Beach's planform has remained relatively stable with little variation since 1951; there 

is a wide beach in the north and a slightly narrower southern beach. The dunes were further 

landward in the northern beach than the south. The south was separated from the north by a 

series of wide embayments in 1951 (Figure 4.19). Dunes showed little erosion, although where 

the beach narrowed within the arc of the embayment, the dunes prograded seawards (Figure 

4.19). Middle Beach and Knoll Beach showed little evidence of embayments within their 

planform, although there was plentiful offshore sediment (Figures 4.20 and 4.21). The beaches 

were narrow but backed by substantial dune ridges. At fairly low water, the beach was wide 

even in Pilot's Point - in the North Dunes area, with a narrowing across to the Training Bank 

(Figure 4.20). 
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Figure 4.18. Drainage channels and recurves on the LWM in 1950. These are shown in red. Wave 
refraction occurs in the foreground. This is shown in blue (Photo from NMR). 
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Figure 4.19. Studland Beach and embayments (1951) and the longshore pattern of Studland (1958). 
Photographs sourced from the NMR. 

Sediment is affected by changes in wave refraction (Figure 4.19). Wave refraction in slower 

water is at a different angle to the deeper water. Wave refraction gets caught in the area 
between the beach and the Training Bank, causing a barrier to sediment transport and 

longshore drift. 

Figure 4.20 illustrates part of the beach fronting Little Sea, with evidence of the crenulated 

headland features which, in the contemporary features are aligned with an increase in the 

beach width, an increase in dune stability or growth, and an accumulation of offshore 

sedimentary features. These features could be associated with wave attenuation, or changes 

in wave direction, such as cuspate features. In advance of these headland features, there is a 

narrower beach. This beach may be directly linked to this headland feature, as a result of 
Iongshore drift. It may be because of erosion at this site exacerbated by a lack of offshore 

sediment features and bars. The beach adjacent to Little Sea is narrow, as it always was. 
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Areas of the foredunes encroached onto the beach resulting in the beach being narrower at this 

point. There is evidence of offshore sand either in suspension or as sediment accumulation. 

Fýure 4.21 illustrates the sediment availability in the nearshore zone of Middle Beach and the 

pier in the same area. The dunes were substantial but still showed areas of extensive damage. 

Figure 4.20. Crenulated headland features along Studland beach in 1940. Photographs sourced from the 
NMR. 

Parallel sand bars can be seen offshore at Middle and Knoll Beach (Figures 4.21 and 4.22) in 

1951. Sand dune morphology indicates little erosion. However, there was still erosion in Knoll 

Beach area, indicating this part of the beach took a while to recover. North of this area, there 

was a headland feature, probably forming as a result of both the extra sand on the beach, and 

as a result of offshore/nearshore features. 
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1950 at Middle Beach shows evidence of a pier. Photographs sourced from the NMR. The1950aerial 

photograph shows two features - one is the Bankes'pier which can still be seen at present and the longer 
feature is possibly a war-time feature. Photographs sourced from the NMR. 

In 1982, the beach was narrow south of Knoll to Middle Beach. There were large areas of 
dune erosion north of Knoll Beach caf6, and substantial human disturbance such as footpath 

damage and the construction of sea defences. The digitised lines illustrated crenulate or 

cuspate type sand bars along the LWM at Middle Beach, illustrating the potential available 

sediment that was stored offshore (Figure 4.22). 
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Figure 4.22. Features offshore in Middle Beach, 1951,1982 and 2003.1950s photographs sourced from 
the NMR, 2003 photographs supplied by CCO. 

The wartime images clearly detailed a high level of damage associated with the use of the site 

as a military training range including live firing (Figure 4.23). Localised variation occurred as a 

result of war damage and building, particularly at Knoll and Middle Beaches in photographs of 

the late 1940s and early 1950s. The war damage has been highlighted by the red digitised 

line. Substantial bare areas have been signified by this. 
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Figure 4.23. Extensive degradation of the dune system at Knoll Beach due to Military activity during 
World War Two. Oblique plate from 1950 (NMR). Red line delimits the extent of the war damage. 

Mine clearance included the use of high pressure hoses which undoubtedly contributed to the 

instability of the dunes and beach for a time. These archives demonstrated substantial 
damage with numerous shell craters, associated pock-marks and bare sand, particularly at 
Knoll Beach (Figure 4.23). However, it is difficult to describe small-scale topographical 

variation and beach form development because changes occurring on this scale may not be 

reflected in the aerial photographs. Mine clearance was obviously a fundamental reason for 

excess sediment. Photos of the 1940s show little damage except for the construction of anti- 

tank scaffold along the beach (Cf. Braunton Burrows; May, 2003). Knoll Beach was especially 

affected. Here, the dunes were flattened providing loose sand and an associated increase in 

the availability of sediment for potential movement. Where the scaffolding was erected, it was 

not possible to assess the features on the beach, especially in the oblique photos. Where the 

dunes were not affected by military activity, the foredunes appeared to be fairly stable in the 

aedal photographs, backed by heavily vegetated dunes and climax vegetation leading towards 

Liftle Sea (associated with older dunes). 

4.2.3. Description of South Beach 
South Beach consisted of a straight beach section backed by heavily vegetated sandstone 

cliffs. Aerial photographic evidence suggested an abundance of sediment offshore in the early 
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sequences of photographs (Figure 4.24). Off South Beach, sand accumulated, sheltering the 

beach from erosive waves. The sand bars were fairly extensive adjacent to Redend Point due 

to the area being sheltered area in the shadow of the headland, possibly. Seaward of Redend 

Point, a rocky shoreline was evident. To the north (Middle Beach) was a sandy, dune backed 

beach. The cliffs are in the background. There are very few photographs of this beach. 

Figure 4.24. North end of South Beach, 1941. This photograph illustrates the remnants of the Bankes' 
pier. Photographs sourced from the NMR. 

4.3. The GPR Data 

The location of the radar line is shown in Figure 3.1. Signal penetration varies from 3-12 m 

along the length of the radar line (Figure 4.25). Between 280 and 390 m poor signal 

penetration and rapid attenuation was associated with the presence of near-surface water in 

the inter-dune slack, as was the zone of poor signal penetration between 600 and 640 m. Poor 

siýgnal penetration at 0-50 m was not associated with near-surface water and reflects a day- 

rich subsurface which inhibits signal penetration. This was also associated with a series of 

refractions in the reflectors which outline the product of an 'edge' or abrupt termination of the 

day-rich subsurface unit. This was tentatively interpreted as a buried cliff line of low amplitude 

4-6m and it corresponded precisely with the known outcrop of the Eocene Bagshot Beds 

which were silt/clay-rich sandstones. 

The remaining sections of the radar line were separated into two distinct and superimposed 
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radar facies (Figure 4.25). The limit of this was a near-surface facies that consisted of near- 

continuous, conformable reflectors that mirror the surface topography. This facies was typical 

of coastal dunes (Daly et al., 2002; Jol et al., 2002; Neal et aL, 2002). The absence of cross- 

cutting or dipping reflectors associated with active slip facies and down migration was typical of 

near-stationery coastal dunes in contact to non-migratory dunes. 

Below this facies is a series of semi-horizontal reflectors which dip offshore and show some 

conflict occurring across the areas of radar reflectors formed by near-surface water. These 

dipping beds reflected a series of sand sheets or lensoidal bodies. The reflectors appear to 

show onlapping structures at depth but offlapping structures immediately below this near- 

surface facies. Near-surface water caused penetration shadows present at 250-350 m, and 
570-620 m distance along the transect (Figure 4.25). At 6m depth, 850 rn distance, there is a 

poor signal penetration, possibly highlighting changes in the sedimentary environment from 

silty/sandy conditions with some water content, to dry, strongly aeolian deposition. 

On this basis, an interpretation can be proposed in which there was a low (perhaps) 1-4 m high 

coastal cliff at depth corresponding to the outcrop of the Bagshot Beds. Against this was a 
buried coastal platform, with at depth, a series of sand sheets. The GPR plot appears to 

identify a bedrock basement and several other features (N. Cassidy, pers comm. ). This 

basement is at about 12 to 15 metres below the present surface, indicating the thickness of 
deposited material. Gross volumetric calculations of accretion have not been made because of 

the variability of the size and composure of features. Lack of topographical data from early 

archives would not be sufficient to corroborate such data. However, with information about 

shoreline changes and alteration of the position of the HWM/LWM, rough volumes of sediment 
deposition could be made. 
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Figure4.25. Studland Beach radar data survey showing raw data, series of reflectors and interpretation. 

A shows processed data from the radar data collection using AGC gains in the processing sequence of 
the raw data. A series of reflectors can be identified in this data (B). B illustrates the areas of signal 

penetration and water table patches. C provides an interpretation of B. 

4.4. Discussion 

This section provides an interpretation of the Studland system from the historical archive, ' 

discussing the changing morphology, the movement of the HWM and the LWM, the spatial 

variability of the shoreline system and the importance of shoreline progradation. 

4.4.1. Changing Morphology of Studland and the Poole Harbour Entrance 

The historical archive suggests that the Studland system has increased gradually since before 
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1745. The central question was why had this process occurred? Diver and Robinson did not 
suggest a sediment source, and this has still not been identified. Despite little evidence 
existing of the sediment origins, it is widely recognised that the Pleistocene was responsible for 

substantial increases in sediment availability in harbour entrances, similar to Poole Harbour. 

Over the last few hundred years, this may have become increasingly mobile, forming the 

offshore shoals of the Poole Harbour system. Perhaps the deposition of the South Haven 
Peninsula was a "one-off' redistribution of stored material derived from the late-Holocene 

erosion of Poole Bay. 

Diver suggested Studland was formed from sediment moving onshore from the floor of 
Studland Bay, on the large scale, and viewed the evolution as being complicated by the silting 

up of Little Sea drainage outlets. Wilson (1960) suggested sands were added to the Studland 

system by submarine accretion and built up by aeolian with the dunes lying on top of the 

Bagshot Beds substrate. West (2004) suggested the origin of the South Haven Peninsula lies 

in a great offshore accumulation of sand in shallow water adjacent to the North Haven 

Peninsula. Originally, the estuary outflow channel was south of this huge sand shoal. Large 

sediment pulses appeared to move from Hook Sand south-westward into Studland Bay. This 

process was significant for it was the only feasible source for the rapid accretion of the South 

Haven Peninsula, hence the significance of the change in Hook Sand and Studland volume. 

There were topographic maps of high accuracy which push the shoreline information back 

further than the charts used here Le. Treswell 1585-6 and Whitworth circa 1770 (May, pers. 

comm. ) but the earliest archival evidence used in this chapter was 1745. The Treswell map of 
Studland parish is of particular interest for several reasons. First, it provides detailed 

information about the land holdings and coastal features of Studland. Second, it provides a 
baseline against which the historical changes on this coast can be estimated. Finally, it is a 

very good example of the detail which was included in estate maps as early as the end of the 

sixteenth century. 

In 1745, Studland was much smaller than its present form. There was no possible explanation 
for the drainage channel of 1745 which separated the two foreshores but when sediment 
blocked it by 1849, the channel may have initiated Studland's stability and its initial 

progradational phases. Little Sea's isolation was augmented by the growth of a beach ridge on 
the spit, preventing tidal water from reaching the drainage channel from the eastern shore. The 
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significance in the diversion of the 1849 northwards flowing drainage channel illustrated the 
strength of foreshore growth and also encouraged further growth, causing stability. The 

gradual sand deposition on the eastern edge of Little Sea would have interfered with and 
completely blocked the escape of much surface drainage water, damming the area, and 
forming a lake. 

The maintenance of the Studland system has been linked to sediment exchange between the 
shoals in the Poole Harbour ebb tidal delta system and the beach. The change in foreshore 

size occurred with change to the seabed. Tables 4.2 and 4.3 and Figures 4.9 to 4.12 suggest 
that when sediment was removed from Hook Sand and Milkmaid Bank, there was an increase 
in the foreshore's size. There were four rapid increases in area between 1745 and 1970: 1745- 
1849,1910-1912,1934-1947 in the foreshore, Hook Sand and Milkmaid Bank. These changes 
may have been influenced by variations in wave energy, alterations to currents or additional 
erosion from adjacent beaches depositing sediment within these shoals. The changing 
morphology of the shoals would alter wave attenuation and possibly change current directions, 
thereby protecting the shoreline morphology. The shoals would have acted as a buffer 

shoreward of the beach, inducing progradation. 

The 1785 map was undertaken by Mackenzie and it was extremely accurate. The bathymetric 

contours give an indication of the seabed features. Robinson described the 1849 map 
undertaken by Sheringham as even more detailed; in 1785, the shore consisted of a single line 

of dunes with a wide seaward foreshore. Mackenzie's map shows a shore-parallel sand bar, a 
IiWe distance offshore. Robinson suggested this moved landwards under onshore wave action 
until it merged with the shore. There was no direct evidence within this thesis to suggest this 

occurred, other than a shoreline increase between 1745 and 1849. 

In 1849, alterations to the system's morphology coincided with small-scale changes in Hook 
Sand and Milkmaid Bank. However, there was some small-scale change offshore by 1912. 
The offshore zones altered further with the presence of several embayments and crenulation in 
Milkmaid Bank. Substantial area decreases occurred in 1878-1910 and 1912-1934. In 1890, 

sea defences were created in Bournemouth, possibly impacting on the offshore sediment, 
perhaps reducing the sediment feed from the cliff erosion to the offshore system (Lacey, 1984). 
Shoreline defences affected drift reversal meaning less sediment was transported to Hook 
Sand and beyond. In 1869, the breakwater was constructed, affecting northwards sediment 

131 



transport along Studland Beach and its subsequent transfer to Hook Sand. The possible 
process of sand transfer from Hook Sand to Studland Bay is reflected in contemporary 
research outlining a well-defined net residual drift of water and suspended sediment from Hook 
Sand southward across the seaward end of the Swash Channel during periods of wave activity 
(BP Exploration, 1991). This would have occurred on a much larger-scale in the past prior to 
Swash Channel deepening and straightening by dredging. When the water was shallow 
abundant sand could be moved on the seafloor by waves without having to be lifted far into 

suspension. Embayments may signify the strength of onshore/offshore currents on the 

ebb/flood tide causing erosion in less stable areas. 

The Training Bank would also act as a groyne, causing scour on the updrift side and massive 
accumulation on the downdrift side. The effect was to store sediment in the beach 

compartment and prevent transfer to other areas, other than by leakage. Less sediment would 
have been transported across the Swash Channel to Hook Sand. The Training Bank would 
also have changed the local hydrodynamics by creating scour and localised erosion. The 
1912-1934 decrease in the shoreline coincided with the stated erosion of Shell Bay in 1924 

(Cox, 1991). In 1947, the shoreline increase was also described by Cox (1991) who stated that 

the shore moved 61 m eastwards because of the development of new dunes and adjustment to 

the new Training Bank. This change was also shown in the variability in the LWM and HWM 

graphs where the data indicate seaward shoreline progradation in the profiles adjacent to the 
Training Bank. Between 1880 and 1953, May (1964) illustrated a decrease in Shell Bay and an 
increase in the dunes beach which would corroborate these data. Bournemouth University 

research in 1997 (May, 1997) and Carr (1971) also suggested similar variabilities which 

coincided in the movement of the HWM and LWM positions of this thesis. 

Analysis of hydrographic charts by Lacey (1985) from 1849 to 1997 revealed net accretion of 
727000 M3 per annurn mostly in the central part of Poole Bay. Westward transport from here to 

Poole Bay was therefore a feasible explanation for this pattern of differential erosion and 

accretion, and the growth of Studland in the early phases, perhaps. Tyhurst (1976) and Turner 

(1990) however, show a net eastward transport potential over all areas of the seabed east of a 
line drawn south of Bournemouth pier. At the eastern end of Shell Bay, erosion was found to 

be dominant with a mean rate of beach retreat at Pilot's Point of 0.40 m/year between 1951 

and 2001. This matched the rate of 0.5 m/year between 1933 and 1970 reported by Carr 

(1971). Shoreline change in Studland Bay between 1951 and 2001 shows alternating accretion 
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and erosion. Knoll to Eastern Lake accreted at a rate of 0.40 m/year, while the northern sector 
accreted at 0.80 m/year. Carr (1971) reported a mean accretion rate of 2.15 - 4.3 m/year 
between 1936 and 1970 and accretion of 1.12 to 2.43 mlyr between 1963 and 1995 was given 
by May (1997); Table 4.9. West of South Haven Point, erosion of 0.54 m/year occurred 
between 1951 and 2001 (Halcrow, 2004). 

DATES 1880-1953 1926-1993 1 36-1970 07/9 TO 10/91 
Survey pedods (years) 73 67 34 1.25 
SheQ Bay -1.74 -0.23 -0.24 -0.99 Dunes Beach 0.98 0.77 2.36 -5.04 
Knoll Beach 0 -0.66 -0.26 -1.96 
Middle Beach 1 -0.18 -0.43 -0.53 -0.76 
Table 4.9. Shoreline movement measurements in past research. 1880 = May 1964,1926 = Bournemouth 

University 1997,1936 = Carr, 1971 and BP Exploration 1991. 

There is a notable contrast between the northern end of Studland and the southern section of 
the shoreline, due to sediment availability. The accretion of the northern section is discussed 
initially, followed by a brief outline of the changes occurring in the southern end. 

Diver (1933) described shoreline retreat of circa 180 m in 38 years from 1882-1924 for the 

north-east coast. In contrast, the Studland Bay coast advanced eastwards to a maximum of 70 

m creating seaward accretion. Halcrow (2004) suggested the shoreline had accreted over the 
last 50 years and increased by on average 800OM3 within the beach/dune system. Sediment 

movement within the system is varied with a greater sediment influx into the centre of the bay. 
Sediment leaves the system by storage in the dunes at the north of the bay; by wave transport 

past the Training Bank and into Shell Bay and into the ebb dominated harbour entrance where 
it is transported along the Swash Channel to Bar Sand and out of the seaward end of the 
Swash Channel. 

May and Schwartz (1981) indicated that only 10% at best of the total volume of sand added to 
the beach between 1933 (Diver's survey) and 1971 (Carr's survey) could be accounted for by 

the presumed pattern of erosion and long shore transport. 

4.4.2. Prograding Shorelines and the Ebb Tidal Delta 
Some profiles indicated a landward movement of the HWM and a seaward movement of the 
LWM (Figures 4.14 and 4.15; Tables 4.6 to 4.8). These data suggest shoreward progradation 
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and an increase in the intertidal zone. Other profiles (e. g. 35,36,38,40 and 46) showed 
interfidal width decline, resulting from seaward progression of the HWM and landward 

movement of the LWM between 1987 and 2003. This possibly has repercussions for the 

stability of the shoreline with increased potential for dune undercutting, less potential aeolian 
transport for the dunes and less berm development. These areas may have a reduced 
intertidal width due to changes in the offshore topography, lack of development of onshore bar 

movement or may be affected by rhythmic topography and the development of embayment 
features. On the arcs of rhythmic features, there is usually a decrease in shoreline width. 
Other reasons for this erosion may include increased erosion offshore because of a wave 
energy focus, wave refraction, rip currents or alteration of currents/morphodynamics because 

of dredging or sea defence construction 

Rhythmic features occurring along Studland Beach are caused by a combination of processes, 
notably waves and sediment availability. They are consistent but not ephemeral features. The 

author suggests these features migrate slowly northwards but remain static for long periods of 
Ume as the aerial photographs suggest (Figures 4.19 and 4.20). Embayments modify currents 
and wave refraction patterns (Breeding, 1981), often resulting in slightly narrower beach 

profiles where they form. The sustained activity of the longshore current may have been 
important to their formation. A shoreward current transports sediment to the beach but the 

weak return currents mean short bars transport sediment to the littoral drift current along the 
beach (Niedorada and Tanner, 1970; Barcilon and Lau, 1973). 

A north-south trend occurs which indicates stability in the northern system with erosion in the 

south. The profile change data illustrates a spatial trend with the northern profiles illustrating a 

wider intertidal zone than the southern. A geographical trend exists; the aerial photographs 
illustrate such variability. The dunes, which were so evident on Middle Beach during the 
1950s, disappeared recently. The north-south contrast may be due to increased northwards 

sediment drift and attachment of bars in the north. These processes are absent in the south. 
The presence of a hard backshore suggests sediment scour increased on narrower southerly 
beaches, providing increased potential sediment for the northwards transport, increased wave 
foci in the south due to the local configuration of the coastline, lack of offshore sediment and 
increased sediment exchange for Milkmaid Bank to the beach. The absence of a significant 

southern sediment supply means that wave energy is allowed to concentrate in the beach's 

southern end. 
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Figure 4.22 illustrates a sequence of offshore features along the LWM and the historical charts 
show large offshore shoals and bars. Bars signify shoreline progradation as well as movement 
of both the HWM and LWM. The significance of onlapping and offlapping features in the GPR 
data signifies changes in the sedimentary environment resulting from either seaward 
movement of sediment or landward movement (Figure 4.25). The sand sheets are considered 
to be associated with sedimentation in an area of lower or failing sea level. As this package of 
sediment accretes, the sand sheets offlap and become associated with coastal progradation 
either because of a fall in relative sea level or because of excessive sedimentation. This 

coastal progradation created a coastal plain on which the dune system developed. This latter 

part of the interpretation is consistent with the rapid seaward progradation of the coastal 
system visible in the archive. 

The historical archive provides definite evidence of progradation, in various stages. The initial 
trigger for such change is unknown but there may be several reasons, all linking to the change 
in the channel and banks of Poole Harbour entrance. Bird (1967) suggested progradation 
occurs where sand dunes are being blown into the sea by winds from the interior or where 
sand is carded in from the adjacent seafloor; where sand from eroding beaches is carded 
alongshore and deposited on accreting sectors; where longshore drift is intercepted by 
headlands. Shoreline progradation was influenced by the ebb tidal delta (Poole Harbour 

entrance), attachment of bars, welding and inlet realignment, and the sheltering effect of 
offshore shoals. Foreshore progradation can produce a series of broad swash bars on the 

upper foreshore which coalesce into a berm. Their formation and movement follow 

morphological trends linked to the lunar cycle (King and Williams, 1949; King, 1959; Carter, 
1976; Wright and Short, 1984; Masselink and Short, 1993). 

Each cycle of shoreline progradation and retreat can take several years and is regulated by the 

volume of sediment retained in the ebb tidal delta as Kana et aL (1999) discussed, and as 
demonstrated in the offshore modelling of the historical archive. The closer the shoreline is to 

the delta, the more it is affected by sediment balance swings because most of the sediment 

comprising the delta re-circulates within the delta. More stable shoreline positions can be 

explained by the fact that they were more sheltered relative to the offshore waves and received 
more constant rates of longshore drift in the updrift side of the estuary. 
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The shoreline prograded because of sediment transfers between the seabed and the beach. 
There was no evidence to suggest why this occurred or how, and in what form. It can only be 
postulated that sediment was transferred in a similar way to the processes occurring presently, 
and also from the likelihood that the ebb tidal system demonstrated similar processes to other 
systems around the world. This would have included the formation of bars, bar welding and 
on-offshore sediment transport. 

The relationship between Hook Sand, Milkmaid Bank, Bar Sand and the foreshore signifies 
significant sediment exchange between these areas, as in an ebb tidal delta system. On- 
offshore sediment movement is usually in the form of bar welding. The archival evidence 
suggested little evidence of this, except in the GPR data, so this is largely speculative. 
However, the evidence suggested on-offshore sediment transport is related to the growth and 
shrinkage of either the foreshore or the offshore bars. When the offshore sands accreted, the 
foreshore usually lost sediment. Robinson discussed on-shore movement and called it parallel 
a=etion, postulating offshore sediment sources were responsible for foredune and beach 

growth through a series of bars. 

4.4.3. Shoal Attachment - Evidence for Shore Progradation 
Coastal progradation is dependent on the existence of a positive budget. Previous research 
(Robinson, 1955) suggests that processes contributing to Studland's seaward growth were 
attributed to a combination of longshore processes and landward sediment transport. 
Landward sediment transport may be explained by bar attachment (the Fitzgerald, 1984 

model). Bar attachment may be related to longshore migration of both the bar and the 

attachment resulting from the persistently high angle of wave approach, sediment source 
locations, and local variations in shoreline crenulations (Short, 1975). Stable parts of the 
beachface usually occur landward of bars. Swash bars weld onto the beach in very low wave 
energy conditions. Bars are displaced seaward during high energy conditions with changes in 

relief caused by trough excavation and bar deposition (Hayes et aL, 1970; Davis and Fox, 
1972; 1975). Excavation occurs because of plunging large breakers on the bar's landward side 
and thereby eroding the shoreward bar's edge. 

Coastal accretion is linked to dunes and bars and excessive sediment deposition. Carter and 
Wilson (1990) suggested that growth of Magilligan Point occurred because significant sediment 
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masses migrated in the nearshore zone as coherent longshore bars, periodically extending and 
welding onto the foreshore (Carter, 1986), forming the main source of sand for dune building. 
Sediment transfer was indicated by an inverse relationship between sediment volume at 
Magilligan Point and the volume contained in the submarine sand shoal immediately to the 

northeast, similar to that exemplified in Table 4.3. These dunes accumulated along the 
landward margins of these beach ridges, usually along tidal litter lines. As each dune formed to 
the seaward, those behind became cut-off from much of the sediment supply. This process 
was considered to have occurred at Studland as the shoreline prograded seawards. Bars 

welded to the shoreline, forming ramparts whereby the dunes started to accumulate in ridges. 

Similarly, Orford et aL (11999) described how the development of Inch Spit was controlled by the 
development of the large ebb tide delta, in a similar fashion to the way in which the Poole 
Harbour delta would have controlled Studland in its early formative phases. The longshore 

continuity of ridges suggests the dunes formed part of a prograding beach foreland controlled 
spatially by wave refraction. 

As deltas erode, sediment is transported from swash bars to shoals which subsequently weld 
onto a beach causing accretion (King, 1972). Figure 4.26 illustrates a conceptual model of tidal 
inlet behaviour with tidal domination of sediment out of the harbour, through the ebb channel 
and subsequently deposited onto the delta. This was adapted from the models by Kana et aL 
(1999) and (5zsoy, (11986). Sediment is bypassed from the delta to the downdrift beach, either 
Studland or Sandbanks. Sediment enters the main channel and subsequently transported by 

the ebb tidal current to the ebb tidal delta (Bar Sand). The transport loop continues to the shoal 
bypassing zone (Hook Sands and Milkmaid Bank (C) when excess sediment is freed to move 
shoreward via incident waves. Shoal attachment to the adjacent shoreline completes the loop. 

Shoal growth segregates tidal flows and increasingly subjects the shoal to wave generated 
currents. Where wave generated currents are weaker, ebb tidal currents dominate, accounting 
for deltaic seaward expansion (Kana et aL, 1999). Tidal domination and stronger ebb currents 

naturally result in shoaling seaward of the land barriers, pushing sediment into sand banks. 
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Figure 4.26. Conceptual model for inlet behaviour (adapted from Kana et al., 1999). 

Sediment bypassing occurs by breaking and shoaling waves along an offshore bar (terminal 

lobe); movement of sand in channels by tidal currents; and migration of tidal channels and sand 
bars (Bruun et al., 1959). The development of bar complexes results from landward migration 

and coalescence of swash bars on both sides of the main ebb channel. Their sporadic 
formation is related to the variable rate in which sand is transported to the inlet due to wave 

climate variation. With increased erosion, and also enhanced stability as a result of 

anthropogenic change, this sediment is no longer pushed landward. This is because it is 

unavailable for transport, meaning adjacent channels between the offshore shoal and the shore 
increase in depth, thus altering the sediment exchange. This process was exacerbated by the 

Training Bank. These shoal type features attach themselves to the beach either as shore- 

parallel features or en echelon bars. 

The Swash Channel dynamics have allowed sediment to be retained in massive bars and local 

shoals or periodically released materials to nourish adjacent shores, such as Sandbanks and 
Studland. The changing bathymetry was responsible for beach shape variation as a result of 

sediment exchange processes and bypassing. Shoal welding was most likely to be the cause 

for shoreline growth and reduction in the area of Hook Sand and Milkmaid Bank. Their removal 

may thus accelerate erosion on landward beaches. The sheltering effect associated with the 

lee of shoals and subsequent sediment deposition results in shallower water and lower wave 

energies, causing shoreline accretion (Fitzgerald, 1984; Pickrill, 1985). 
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Tidal and wave action in Poole Harbour has produced a pattern of evolution associated with 
physiographic changes over time, similar to those suggested by Oertel (1977), Fitzgerald 
(1984), Sha (1990) and Morales et al. (2001). The orientation of the ebb tidal features in the 
Poole Harbour entrance is typically controlled by the ebb tidal current and its channelisation. 
The northern end of Hook Sand is controlled by the marginal flood channel of East Looe. This 

may have undergone evolutionary phases of erosion and deposition, as indicated by the 

adjoining of Hook to the shore during several phases of the hydrographic charts. The origin of 
the shoals in the harbour entrance may have originated from when the channel was much 
wider. This could have occurred if the full tidal prism of the estuary was forced to drain through 

a much smaller inlet. This is purely speculative, however, If the orientation of the Swash 
Channel was forced to change this would induce an erosion/accumulation pattern similar to 
those present in meandering channels (e. g. Morales, 2000). 

Features in Figure 2.10 could represent marginal flood channels which became more isolated 

as swash bars and swash platforms form seaward causing progradation as explained in 

research by Hayes (1980). Most ebb channels were dominated by channels bordered by 
Oafforms of sand dominated by swash bars which were separated from adjacent barrier 
beaches by marginal flood channels (Hayes, 1980). In the Wilson paper (1960), it is evident 
that there are a series of morphological features which are precursors to the present ebb tidal 
delta model proposed in the current research. They obviously date back to prior 1745, possibly 
indicating a series of events relating to longshore drift, barrier island processes and shoreline 
progradaUon. 

An increase in wave energy may also be responsible for erosion of the ebb tidal delta features 

(Fitzgerald, 1984). More sand is stored in ebb tidal deltas of low wave energy. This may 
explain why Milkmaid Bank is so large. The bank dampens wave energy so its size may 
actually be responsible for maintaining its own stability and that of the northern end of 
Studland. The sporadic formation of swash bars is presumably related to the variable rate in 

which sand was transported to the inlet due to changes in wave climate. Consequently, the 

process of wave swash, which is responsible for the bar's movement onshore, operates over 
hxreasingly smaller periods of the tidal cycles (Hine, 1979). 

Swash bars growing seaward of beaches create wave shadow zones which mean that 
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landward beaches can prograde in quiet water conditions. Although there is no substantiated 
evidence to support this, this may be the reason why the north of Studland prograded so 
quicidy because the Milkmaid Bank and Hook Sand created shadow zones. After bar welding, 
shoaling and reformed waves break and carry sediment away shoreward from the inlet. The 

wave shadow zones increase sediment infill. Bar formation in the inlet was related to the rate 
at which sand can be delivered to the inlet, onshore movement of swash bars and patterns of 
wave refraction. 

4.4.4. Human Modification to the Ebb Channel System 
Human modifications were prevalent in the Poole Harbour vicinity since at least 1868 as Table 
4.10 suggests. Most of these modifications were the construction of seawalls and sea 
defences. 

CHANGE DEVELOPMENT 
1868 Breakwater constructed. 
1878 Resurvey of entrance to Poole harbour. Little Sea no longer reached by high tide. The northeast 

shoulder of spit (Shell Bay) eroding despite presence of breakwater, 
IM First seawall constructed on north haven point. This area was subject to continual erosion. 
1896 to 1898 Stone groynes were constructed and successfully prevented a breach in the spit. 
1924 

- 

North east coast (Shell Bay) erosion continues. 180 m lost between 1886 and 1924. More than 
75 m accretion in centre of Studland Bay. The Training Bank constructed. 

I to 9241oI947 F 

- 

[ 

HWM near harbour entrance adjusted to Training Bank. Moved 61 m eastwards through the 
development of new dunes. 

1936 to 1970 Erosion in Shell Bay of up to 25 m. Similar rate recorded around Knoll Beach car park. Zero 
ridq 40 m wide and by 1979, traces of a further ridge development. 
Erosion in Shell Bay. :: =I 

Table 4.10. Human modification to the Poole Harbour entrance. Information extracted from Cox (1991). 

Potential impacts of the breakwater construction include sediment transport system alteration 
because the breakwater would have encouraged a loss of sediment feed potentially from Hook 
Sand to Studland. The Training Bank's construction may have led to the further development 

of Shell Bay, induced by sediment deposition from offshore, sediment exchange from Hook 
Sand, aeolian transport, or sediment exchange between Studland and Shell Bay. 

The beach narrows and is less arcuate near Pilot's Point, possibly an indicator of erosion or a 
slowing down of longshore drift. Wave refraction is a good indicator of the processes assisting 
In the creation of an arcuate beach system. There has also been a change in the shape of the 
beach adjacent to the beginning of the Training Bank in the far end of Shell Bay (Figure 4.27). 
This may be due to either wave attenuation; deposition; or erosion. There were areas of active 
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dunes, and several areas of bare sand, indicators of potential sources of sand. Figure 4.18 

suggests sediment was pushed out over the Training Bank into Shell Bay. The series of banks 

possibly indicates several events or beach adjustment to this sediment movement. 

The coastline's curvature may be related to deposition of this sediment, and the presence of a 

drainage channel (Saltings Strip) which allows for sediment outflowing and drainage waters 

which when migrating across the shore makes the beach unstable, although there is no 

evidence to suggest this. 

In 1890, when the seawalls were constructed, there was a consequential alteration of sediment 

dynamics and sediment transport. Construction of seawalls was more detrimental to the 

sediment transport system of Bournemouth Beach than Sandbanks - although the drift reversal 

may were affected. This would have had more of an impact on Sandbanks than South Haven 

Peninsula. Lacey discussed the varying success of the scheme alongshore. 

Figure 4.27. Wave refraction is well-developed in this photograph with movement of wave energy and 
sediment at an angle to the shoreline. 

4.4.5. Accuracy of the Charts - Shortfalls 
Originality was important within the charts of Studland and their revisions. One of the problems 

was that they were commonly revised patchily. One needs to look at the revision date noted on 
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the chart (usually in the bottom left corner). The positions of the features present in Studland 

were not always the same, particularly in the south of Studland Bay, often as a result of 
subsequent revisions. 

Figures 4.5 to 4.10 illustrate substantial losses in areas such as Milkmaid Bank, for example, 
over a series of temporal scales. This was because of a lack of detail on the charts. Some of 
the charts do not contain all of the contours for the offshore zone. For example in Figures 4.5 

and 4.6, Milkmaid Bank only contains the contour for its northern section. So, in measuring the 
area, there may be half missing compared to later charts or earlier charts. This does not mean 
that the shoal had lost that much sand in the intervening years, so interpretation is reliant on 
the quality of the data. Additionally, some of the charts do not have the outline of the Swash 
Channel marked. This feature, obviously had not disappeared, but was not included in the 
calculations so it appears that abundant sediment was lost in the intervening years. In another 
chart, Bar Sand was incorporated with Milkmaid Bank so this looks like more sediment was 
added to Milkmaid Bank than was present. However, this sediment should be added to Bar 
Sand but if the outline of the sand shoal was not present, then this cannot be undertaken. 

4.5. Summary 

This chapter has outlined the progression of the Studland system over the historical time period 
and suggested a relationship between offshore loss and foreshore growth. This chapter 
suggests that Studland has undergone change in several phases over time. 

The historical cartography outlined Studland's developmental stages, the aerial photographs 
determined the level of change within the system over the last seventy years; and Ground 
Penetration Radar (GPR) data was used to reconstruct a section of Studland's sedimentary 
environment. The historical archive enabled shoreline change to be quantified. This included 

calculating areas of the major morphological features of Studland Bay and the Poole Harbour 

entrance. 

An analysis of the historical archive has determined Studland's historical evolution which has 
been rapid since 1745 with a series of phases in the spatial variation of the Studland shoreline. 
The system's growth is attributed to the changing morphology of sand shoals within the Poole 
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Harbour entrance. The variation in this ebb tidal delta contributed significantly to the growth of 
the Studland system. There has been a detailed review of the importance of deltaic processes 

and the transfer of sediment from this system to the shoreline, as well as giving reasons for 

such change 

Bar welding is an important formative process in the progradation of the northern Studland 

shoreline. This has been discussed at length. Human modification to the system has been 

reviewed, suggesting that the Training Bank may have influenced the formation of Shell Bay, 

and also caused degradation to the beach system during the Second World War. Aerial 

photographs show, however, a significant still-stand in the morphology of the beaches at 
Studland with the shoreline change being minimal since 1945. 
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Chapter Five. The Importance of Cross-Shore, Longshore and 
Offshore Systems 

5.1. Introduction 

Figure 1.1 illustrates how the chapters of this research progress through time. Historical 

perspectives of beach planform variability have previously been outlined. This chapter 
provides an outline of change in the last fifteen years, linking the beach and the nearshore 
system. 

The aim of this chapter is to define the contemporary seabed morphology, explaining the 

morphologic changes of the seabed between 1990 and 2004. The seabed is fundamental to 

exchanging sediment between the sand shoals in the entrance to Poole Harbour, the 

nearshore zone and the beach systems of Studland and Shell Bay. The seabed morphological 
systems define the sediment inputs and outputs of the Poole Bay littoral cell, playing a crucial 
role in supplying sediment for the beach's alongshore and cross-shore sediment transport 

system, thus forming an additional dimension to the morphologic model developed within this 

research. 

There follows a description of the seabed in Studland Bay, a comparison of change in the 

seabed morphology between 1990 and 1996, and 2003 and 2004, a comparison of volume 
change for BP profiles between 1990 and 1991, and a comparison of change between 2001 

and 2002. Additionally, there is an assessment of the overall beach change between 

1990/1991 and 2002/2004, as well as a summary of particle size distribution. Climatic 

variables are also described with a view to providing a review of the controls affecting profile 
change. 

5.2. Results 

5211. Seabed Bathymetry 1990-1996 
Despite limited coverage, the bathymetric form of the seabed differed between the north and 

south of Studland Bay between 1990 and 1996 (Figure 5.1). The seabed consisted of a series 
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of shore-parallel contours with several perpendicular features, predominately in the north. The 

water was shallower near the shore, becoming progressively deeper offshore in 1990 and 
1996. However, in the middle of the bay (404000,83000), there was an area of deeper water 
nearer the shoreline. In the north, the water was shallower nearer the shore. The depth of the 
features ranged from 0 to 3.5 m OD. The topography differed between the north and the south. 
In the centre of the bay, the morphology was more arcuate in appearance than the southern 
and northern counterparts. The contours followed the shape of the bay. The deeper water was 
nearer the shore. In the south, there were similar shore-parallel contours with progressive 
deepening seawards. 

Between 1990 and 1996, there was some variation in the seabed morphology (Figures 5.1 and 
5.2). The most noticeable difference was the deepening of water in the most seaward extent 
and the growth of the perpendicular feature in the north (404000,83500); (Figure 5.1). Small 
localised variations existed in the seabed morphology with more deposition and seaward 
sedimentation in 1990 than 1996. Most erosion occurred at the shoreline, although there were 
areas remaining the same as 1990. Areas adjacent to the shoreline had more sediment in 
1996 than in 1990. Since 1990, the middle sector of the beach became shallower, reaching 
deeper water progressively southwards. The contours signified small-scale localised accretion 
and erosion patterns. Between 1990 and 1996, there was little change, although there were 
clear areas of variability, particularly in the centre of the bay. In 1996, there appeared to be 
less sediment. The seabed was deepest in the central section of the bay and shallowest near 
the beach. Figure 5.3 shows the change in sediment volume between 1990 and 1996. There 

were small localised patterns of change with deeper water near the shore with up to : L50 cm 
difference, and deeper water becoming progressively nearer the shore with time. There was a 

maximum of ±2m difference between the two seabed data sets adjacent to the shoreline. In 

1990, there were regular indentations along the shoreline which became infilled by 1996. 

51Z Description of Bathymetry 2003 and 2004 
The seabed consisted of a series of shore-parallel contours with several perpendicular features 

(Figures 5.4 and 5.5). These features were larger en-mass in the north, and more extensive 
than the south although no more conspicuous. On the northern sides of these bars were areas 

of deeper water. The water was shallower near the shore, progressively deepening offshore in 

2003 and 2004. However, in the middle of the bay (404000,83000), there was an area of 
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deeper water nearer the shoreline. In the north, the water was shallower nearer the shore. 
The depth of the features ranged between 1 and 3.5 m OD. In the centre of the bay, the 

morphology was more arcuate in appearance than the southern and northern counterparts. 
The sediment contours followed the shape of the bay. In the south, there were similar parallel 

contours with progressive deepening seawards. 

Between 2003 and 2004, there was some change in the seabed morphology (Figure 5.5). The 

most noticeable difference was in the size and orientation of finger-like bars. These features 

were still present but much wider, rounder and not so long with a slight south-east-northwest 

axis. The morphology at Pilot's Point also changed with seaward deepening. The anvil- 

shaped feature was present but surrounded by a slightly deeper surface. In 2004, the area 

was more varied with deeper water offshore. In 2003 (404000,83000), the seabed was 

shallower, with more sediment present nearer the shore. 

There were subtle differences between the bathymetric charts of 2003 and 2004. Long finger- 

like structures attached to the shore were conspicuous within the northern and southern section 

of Studland Bay. However, in 2004, there appeared to be some sedimentation around each of 
these features, making the small-scale indentations less distinct. There were spatial 
differences with the contour patterns between 2003 and 2004. The shallower areas migrated 
landward between 0 and 1.5 m, and the deeper contours migrated seaward. Figure 5.6 

showed the sediment change on the seabed for 2003-2004, which was relatively constant. 
Most of the bay stayed the same with between -1 m loss and +Im gain between 2003 and 
2004. There was a substantial area (405000,83000) which had stayed the same over the 

duration between the two surveys, and in the south of the bay (404000,83000). 

523. Comparison of Features between 1990 -2004 
The position of the contours differed from 1990,1996 and 2003 (Figures 5.2 and 5-5). 2003 

and 2004 displayed very little differences spatially (Figure 5.5), although there were definite 

differences between 1990 and 1996 (Figures 5.1,5.2 and 5.3). Small localised changes 

existed. Overall, there was more sediment in the north than the south, as exemplified by the 

1990 and 1996 data (Figure 5.2). More sediment was present in the north in the 2003 and 
2004 data than in the 199/1996 data sets (Figures 5.1 and 5.4). In 2004, sediment was 

abundant in the north of the bay, inside of the Training Bank (Figure 5.4). Sediment was less 
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abundant than in 1990 and 1996 (Figure 5.11). In 2004, (404000,83000), had deeper water 
with a change in the shape of the seaward extensions. In the centre of the bay, the water was 
shallower than in 2003, but deeper than 1990 and 1996. In 2004, the southern section of the 
bay had deeper water offshore, although shallower at the shore (Figures 5.4 and 5.5). In the 

centre of the bay, there was less sediment than 1990,1996 and 2004. Seabed patterns 
changed since 1990 and 1996 with greater seaward extensions of sediment. In 2003, the area 
of the bay adjacent to South Beach was shallower than in 2004, although the water was deeper 

offshore than in 1990 and 1996.2004 was more detailed with a series of shore-normal 
features. In 2004, the water depth was the same as in 2003. The shore-perpendicular features 

Increased in width but were not so elongated. Erosion of the shoreline/nearshore led to deeper 

water near the shore with up to 50 cm difference (Figure 5.6). Erosion in the offshore zone 

resulted in landward migration of increased water depths. Erosion of the long finger-like 

structures meant they were fatter and shorter and did not extend as seaward as the previous 

year. 
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Figure 5.1. Seabed bathymetry of Studland Bay using 1990 and 1996 data supplied by BP. 
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Figure 5.6. Bathymetric change between 2003 and 2004. 
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524. Annual Change - Beach Profiles 
To corroborate the seabed variability, beach profiles for 1990/1991 and 2001 to 2004 have 
been used to demonstrate the variability occurring above the LWM during these sampling 
periods. Like the seabed data, profiles have been used to assess temporal change. The 

results show there are considerable differences in the way profiles have behaved. 

5.2.4.1.1990 BP Volume Changes 
Overall, Shell Bay had the greatest volume loss at its distal ends, particularly BP 28 (dunes), 

and was predominantly accreting (Figure 5.7). Studland Beach was mainly accreting, with the 

exception of the three northernmost profiles. More profiles in Studland Beach lost sediment 
than Shell Bay, particularly in the southern ends. South Beach underwent erosion also with 
only Profile 51 (dunes) gaining sediment. In the intertidal zone of Shell Bay, Profiles 28 was 
the only profile to gain sediment. Studland Beach's intertidal zone was mainly erosive. Profiles 
in South Beach were mainly erosive although Profile 52 accreted more than the rate of erosion 
in Profiles 50 and 51. The LWM showed less sediment loss and growth than any other beach 

zone. 

Figure 5.7 shows the volume change in the dunes for BP profiles from July 1990 to October 

1991. More profiles showed losses than gains. Profile 35 had the highest % cumulative 

volume loss between July 1990 and October 1991 (Figure 5.7). Profile 37 lost the least 

sediment (circa 5% volume loss). Profile 43 gained the most (23%); Profile 46 gained the least 

(5%). In the intertidal zone, Profile 38 had the highest % cumulative volume loss between July 

1990 and October 1991 (30%) whilst Profile 35 had the lowest loss (circa 5%). Profile 52 had 

the highest volume gain (90%) whereas Profile 42 had the lowest (10%). In the LWM, Profile 

35 had the highest % cumulative volume loss between July 1990 and October 1991 (65%). 

Profile 43 had the lowest (circa 11 %) volume loss. Profile 29 had the highest volume gain 
(21 %), whereas Profile 42 had the lowest (2%). 

Shell Bay dunes were mainly accretional. The first two Studland Beach profiles exhibit 

erosional tendencies, except Profiles 38,46 and 47. South Beach was erosional with only 
Profile 51 showing substantial accretion. In the intertidal zone, Shell Bay was erosional with 

substantial erosion occurring at the beach's distal ends. The distal ends of Studland Beach 

were accretional. South Beach was predominately accretional despite two profiles showing 
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erosion but Profile 52 showed more accretion than sediment lost in comparison. Shell Bay was 

predominately accretional despite Profile 30 showing substantial erosion within the LWM. The 

LWM showed a small amount of erosion and accretion within all the profiles along this beach 

section. South Beach had most erosion in Profile 50. 
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Figure 5.7. % volume change in dunes (top), intertidal zone (middle) and LWM (bottom) for BP profiles 
July-1990 to October 1991. 
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Figure 5.8 shows the volume change for the dunes, intertidal and LWM between July 1990 and 
May 1991. Profiles 28,36,37,41-45,48-50, and 52 had a% cumulative volume loss whereas 
Shell Bay profiles and Profiles 38,46,47 and 51 gained. Profile 52 had the highest % 

cumulative volume loss (70%). Profile 51 had the highest volume gain (61%); Profile 35 had 
the lowest (10%). Within the intertidal zone, Shell Bay profiles lost sediment, along with 
several profiles from Knoll to South Beach whereas profiles in the northern section of Studland 
Beach gained (Profiles 36,37,40,41,43-45). Profile 28 had the highest % cumulative volume 
loss (40%). Profiles 29 and 30 lost the least (circa 5%). Profile 48 gained the most (55%) and 
Profile 36 had the least gain (5%). Within the LWM, Profiles 30,37,40,43,48 and 50 had a% 
cumulative volume loss whereas the remainder of the profiles gained. Profiles 48 and 50 had 
the highest % cumulative volume loss (81%). Profile 37 lost the least (5%); and Profile 29 

gained the most (38%). 

Shell Bay was predominately erosional, particularly at the distal ends within the dunes. 
Studland Beach was accretional within the centre of the beach. South Beach was mainly 
erosional with only Profile 52 accreting. The distal ends of the intertidal zone were accretional 
but the central profiles were predominately erosional. South Beach profiles were accretional 
With only Profile 50 eroding. Shell Bay LWM was mainly accretional with the distal ends 
exhibiUng erosion. In Studland Beach, there were small amounts of accretion and erosion in 

each of the profiles up to Profile 48. This showed substantially more accretion than the 

remainder. South Beach was mainly accretional, with Profile 51 eroding slightly. 
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Figure5.8. %change for dunes (top), intertidal (middle) and LWM (bottom) July 1990 to May 1991. 

Figure 5.9 illustrates the dunes were variable in their cumulative volume change with only 
Profiles 37,38,41,43-45,48 and 52 gaining sediment. Profile 36 showed no change. Profile 

28 had the highest % cumulative volume loss (37%) and Profiles 29,30 and 40 lost the least 

(2%). 
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Figure 5.9. % change for dunes (top), intertidai (middle) and beach(bottom) May to October 1991. 

Profile 41 had the highest gain (78%) and Profile 38 had the lowest volume gain (5%). Within 

the intertidal zone, Profiles 29,30,37,40,41,43-46,48 and 50 had a% cumulative volume 
loss. Profile 43 had the highest % cumulative volume loss (44%). Profile 45 had the lowest 

volume loss (circa 10%). 
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Within the LWM, Profiles 28,35,36,42,45,49 and 51 had a% cumulative volume loss. 
Profiles 39 and 47 had no change. Profile 35 had the highest % cumulative volume loss (65%). 
Profile 38 lost the least (1 %). 

525. Seasonal Change 
Profile 28 had minimal seasonal change. October 1991 profiles exhibited the lowest beach 

elevation. May 1991 and July 1990 levels were similar, with a high summer berm in July 1990. 
This trend occurred onshore as well as offshore within the Swash Channel. Profile 28 was a 
highly variable, low angled beach of circa 100. The bank of the Swash Channel was very 
steep. Profile 28 was dominated by the tidal channel with berm erosion and seawards 
migration, and the dunes in the backshore. Profile 30 was subjected to seasonal variation, as 
exemplified by a summer and winter profile. The winter profile had the lowest elevation, whilst 
the summer profiles underwent summer accretion with an intertidal berm more evident in July 
1990 than May 1991. The beach was wider with a strong berm between -20 and 20m 
chainage. 

In Profile 36, October 1991 had the lowest elevation. July 1990 and May 1991 exhibited higher 
beach levels. Dunes and intertidal bars dominated Profile 36. The intertidal zone was almost 
hodzontal although the LWM area was steep (300). Profile 40's elevation was lower in October 
1991 than the summer periods. There was a summer berm with little change within the dunes 

and offshore. Profile 42's morphology demonstrated a seasonal trend. In October 1991, 

elevations were lowest. July 1990 had the highest elevation nearest the dune slope. The dune 

slope was landward of the May 1991 and July 1990 slopes in October 1991. Profile 44 also 
displayed a seasonal trend with recession and profile lowering of landforms such as the 
intertidal berm and the bars within the LWM in October 1991. Elevations were higher in 

summer, May 1991 had a higher elevation along most of the shore than July 1990. 

In October 1991, Profile 46 was much lower than the summer profiles. The dune slope 
receded landward in October 1991 compared to the summer profiles. There was a high 

summer berm adjacent to the dune slope, whereas in winter, this morphological profile was 

absent coinciding with the development of a bar-like structure offshore. Profile 48 had higher 

summer profiles than winter with a lower elevation in July 1990 than May 1991. The dune 

slope receded in October 1991, coinciding with offshore sediment deposition. Profile 50 was 

159 



similar in winter and summer. In some places, particularly in the nearshore, October 1991 had 
a higher elevation than May 1991 or July 1990. In May 1991, the dunes and LWM were lower 
than the October 1991 profile. Profile 52 has a lower elevation in July 1990 than October 1991 
and May 1991 (Figure 5.12). Within the dunes, however, this varied with October 1991 
becoming lower and July 1990 becoming the highest. On the shore, May 1991 had the highest 
beachlevel. 

For Profile 28 between October 2001, May 2002 and July 2002, and October 2002, May 2003 
and July 2003 illustrated elevation varied from 5 to 0.5 rn over a length of 80 m (-25 to 55 m), 
and -25 to 58 m. The profile varied enormously in the dune zone. In July 2003, the dune 
elevation dropped from 5m in October 2002 to 3.5 M3. The highest profile elevation was in 
May 2002 and a mix of May 2003 and October 2002. July 2003 had a much steeper elevation 
and eroded dunes. In the October profile, the morphology was 'chaotic' with several step-like 
features. 

Profile 36 ranged in height from 6m to 0.2 rn over a length of 120 m, and from 7.5 to 0.5 m in 
125 m. October profiles were lower than May and July. The highest profile elevation occurred 
in October 2001 and the lowest in May 2002. The dune face and the intertidal zone migrated 
further seaward. Profile 40 ranged in height from 5m to 0m in 80 m, and from 4.25 to 0.5 m 
over 70 m, and was higher in October and May. 

Profile 42 ranged from 5m to 0m in 65 m, and from 5 to 0.5 m over 55 m. The highest profile 
elevation was in October and May and May and July. The dunes and the intertidal zone 
migrated seaward. The intertidal zone (between 0 and 20 m) had more bars/ step4ike features 
in May 2002 than May 2003. The elevation ranged from 4.5 m to 0m over a length of 90 m, 
and from 5 to 0.5 rn over 50 m for Profile 44. The highest elevation was in July 2003 and May 
2002. The lowest was May 2003 and July 2002. Profile 50 was relatively steep with height 

ranging from 2.5 to 0m over a length of in 30 m, and 3.5 to 1.75 m over 20 m. Dominant 

profile features included narrow beach widths, narrow intertidal zones and featureless outlines. 
Profile 52 varied in height from 2.5 to 0m over a length of 35 m, and 3.5 to 1.5 m over 20 m. 

3 AA elevation measurements are measured relative to OD. 
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Figure 5.10. BP Profile 28 (top), 30(middle) and 36 (bottom) comparison between July i9qu to uctoDer 
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Figure 5.11. BP Profile 40 (top), 42(middle) and 44 (bottom). BP seasonal variation between July 1990 to 
October 1991. 
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Figure 5.13. Profile 28(top), 36(middle) and 40(bottom) comparisons for October 2001 to July 2002. 
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Figure 5.14. Profile comparisons for Profiles 42 (top), 44 (middle) and 50(bottom) October 2001- July 2002. 
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Figure 5.15. Comparison of Profile 52 between October 2001 and July 2002. 

5.2.5.1.2001-2004 Beach Volume Changes 
The following section describes the beach changes occurring at Studland Peninsula during the 
2001 to 2004 monitoring period (All volume changes are measured in percentages because the 

author feels it is easier to visualise percentage change than bulk volume). Shell Bay dunes 

underwent erosion at each distal end (Profiles 28 and 35) with accretion/volume gain in the 

central areas. The volume change ranged from -5.5% to 12%. Profile 30 had the highest gain 

and Profile 35 the highest loss. The dunes had the same variability as the beach but much 
lower volume change than the LWM. Profiles with gain in the dunes had a loss in the LWM. All 

the Shell Bay beach profiles accreted in 2001-2002 (Figure 5.16). The volume change ranged 
from 11-11% with no distinct spatial pattern. Variation was highest in Profile 35 (95%) and 
lowest in Profile 30a (2%). In 2001-2002, the Shell Bay LWM had the largest growth of 47% 

(Profile 28). Profiles 29,30 and 35 lost sediment (5-14% loss). Most Studland profiles 
demonstrated gain with profile variation ranging from -5 to 90% (Profiles 36 and 39). Variation 
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trends altered with contiguous profiles (Figure 5.17). Neighbouring profiles offered varying 

growth trends, although this was not a north-south spatial trend. Compared to other zones, the 
dunes accreted where the beach and LWM underwent erosion. At Studland Beach in 2001- 

2002, there was a variable spatial range of change with southern profiles exhibiting most loss (- 

5 to-30 %); the northerly profiles gained the most (Figure 5.17). Change ranged from 95% 

(Profile 45) to 25% (Profile 37). Least loss occurred in Profile 36 and least gain in Profile 43 

(11%). In 2001-2002, only three profiles gained sediment (Profiles 36,42 and 43). South Beach 
backshore exhibited an accretionary trend with most gain in Profile 50 and least gain in Profile 
51 (40%). The dunes in Profile 50, for example, exhibited growth whilst the LWM and the 
intertidal zone showed loss (Figure 5.18). In 2001-2002, South Beach profiles lost sediment of 
between -15% (Profile 50) to 35% (Profile 51). 
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Figure 5.16. Volume change in Shell Bay dunes (top), beach (middle) and LWM (lower) in 2001-2002. 
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Figure 5.17. Volume change for Studland dunes (top), beach and LWM (lower) in 2001-2002. 
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Figure 5.18. Volume change for South Beach Dunes (top), beach(middle) and L WM (lower) (2001-2002). 
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In 2002-2003, dune volume change ranged from 4% to 11 % (Profiles 28 and 35). More erosion 
occurred in the east than the western end (Figure 5.19). More profiles underwent loss than 

gain. Profile 28 had the highest gain, compared to the loss in the previous year. Profiles 29 

and 30 gained sediment (I and 3%), similar to 2001. Erosion increased towards Pilot's Point. 
Compared to other years, the volume change was less than 2001 and 2003. The volume 

change was similar in the dunes and the beach and much greater than the LWM, 

demonstrating a substantial profile loss. In Shell Bay beach, most profiles lost sediment in 
2002-2003, particularly the distal and middle profiles. Volume change ranged from Profile 30c 
(12%) to 4.5% (Profile 30b) with only Profiles 29 and 30b exhibiting growth. Only Profile 28 
(LWM) gained sediment in 2002 and 2003 (10%). 

2002-2003 profiles in Studland dunes were mainly erosive with sediment loss being a dominant 
factor (Figure 5.20). Volume change ranged from 5-27%. Gain ranged from 0-5% and loss 

from 0 to -27%. Loss and gain was greatest in the south. The central profiles exhibited a small 

gain. The distal ends of the beach offered the more extreme trends. Profiles showing erosion 
in the dunes also exhibited erosion in the beach and LWM. Studland Beach in 2002-2003 

exhibited an erosive trend with most loss occurring in the more southerly profiles. Profile loss 

ranged from 60-% loss and gain ranged from 1-17%. Profiles 37b and 49 gained the least 

whilst Profile 48 gained the most. Profile 44 lost the most. Most LWM profiles exhibited an 

erosional trend. Profiles ranged from 55% to 102% loss (Profiles 48a to 44). Most growth 

occurred in the south. Profile 36 gained the most out of the northerly profiles (20%). 

2002-2003 most South Beach dune profiles were erosive compared to the accretionary trend in 

the previous year (Figure 5.21). Volume change ranged from 5 to 12% with only Profile 50a 

gaining. In 2002-2003 South Beach (beach) profiles showed an accretionary trend in the 

south and erosion in the north. Volume change ranged from 7% (Profile 52) to -12% (Profile 

50). Change was greatest in the more distal ends of the beach. The LWM eroded more in the 

southerly profiles, ranging from 62 to 23% change. Profile 50 had the most growth and Profile 

51 had the least (8%). Profile 52 had the greatest profile loss (62%) and Profile 51 a had the 

least loss (5%). 
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Figure5.20. Studland dunes (top), beach (middle) and LWM (lower) volume change (2002-2003). 
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In 2003-2004, Shell Bay dunes underwent an erosional trend nearest Pilofs Point, and an 
accretionary trend nearest the ferry, although Profile 28 was eroding (20%). The range varied 
from -35% to 30% (Figure 5.22). In 2003-2004, the intertidal zone showed a dominant 

aceretionary trend with all profiles showing growth except Profiles 30d and 35. The range of 
volume change was from 37 to -7% (Profiles 30b and 35). The beach exhibited variable trends 

of growth with two cycles of accretion from Profiles 28a to 29 and from 30 to 30b. The LWIVI 

showed a dominant accretionary trend with two eroding profiles. The highest growth was in 
Profile 28 (40%) and the lowest in Profile 28a (7%). Profile 30 had no change. Profile 35 had 

the greatest erosion rate (65%) and Profile 29 had the least loss (5%). 

In 2003-2004, the Studland Beach dunes underwent both erosion and accretion (Figure 5.23). 
Accretion was present throughout the whole beach although there were sporadic erosional 
phases. Change varied from -35 to 35%. Most erosion was present in a block from Profiles 45 

to 47 and 36 to 37. The Studland Beach intertidal zone had a volume change trend ranging 
from 40 to -80%. The northern end of the beach accreted whilst the southern end eroded. The 

LWM trend was variable with phases of erosion and accretion. There were several trends of 

growth which increased southwards, followed by a contiguous erosional profile. This pattern 

was repeated further south. The range of volume change varied from 80 to -76% (Profiles 38 

and 45b). South Beach dunes 2003-2004 exhibited a dominant erosional trend with only 
Profile 50 showing a gain in volume change (25%); (Figure 5.24). The volume for the 

remaining profiles ranged from -18% (Profile 50a) to 32% (Profiles 51 and 52). The intertidal 

zone lost sediment throughout this year, varying from -22% to -3% with Profile 50 exhibiting the 

most loss and Profile 52 the least. In South Beach LWIVI 2003-2004, Profile 50 beach lost the 

least (11%) and Profile 52 the highest (95%). Greatest loss was within the LWM. Sediment 

transfer showed loss in the intertidal zone meant gain in the LWM and dunes, for example, 44 

to 47. All gain was in 37b to 38b, although there were patches of gain and loss synonymous 

with geographical boundaries along the beach. 

Compared to other zones during this year, the LWM had greater gain whereas the dunes 

underwent zones of accretion and erosion. A gain within the inteftidal zone and LWM in Profiles 

30A to C reflected dune loss. The same pattern was reflected in 50 to 51 and 51 a to 52 where 

a gain equalled loss in the LWM. A LWM gain meant loss in the intertidal zone and dunes, as 

exemplified in South Beach (Figure 5.24). 
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526. Impact of Time - Comparison 
Figure 5.25 illustrates the mean profile morphology for Profile 28 from the BP and 2002 data. 
The 2002 profile had a higher elevation than the 1990 data, particularly within the dune zone 
(between 20 and 0 m). The intertidal zone (between 10 and 30 m) was only slightly higher in 

the 2002 profile than the 1990 topography. The variation ranged from 1m in the dune zone to 
20 cm at 20 m chainage. The standard deviation showed that in 2002, most variation occurred 
within the dune and intertidal zone. The LWM showed little variation. In 2002, the beach 

profile varied most on the seaward slope of the intertidal berm. Alteration of profile morphology 
between neighbouring profiles signifies longshore pulses in sediment transport but also 
longshore migration of rhythmic topography. Neighbouring profiles exhibited migratory patterns 
distinctive of embayment type features. This is especially significant in the movement of 
features between LWM and intertidal zone with a south to north migration. 

Figure 5.26 illustrates Profile 37's mean profile morphology. Small-scale change occurred 
Within the dune zone, with the 1990 profile being lower in elevation. There was much growth 

within the intertidal zone but little change at around 40 m distance. Standard deviation was 

greatest in the 2002 data, particularly within the dunes. Figure 5.27 illustrates the mean profile 

morphology for the 1990 data and 2002 profiles, with a lower standard deviation in the 1990 

profiles than the 2002 data. Most variation was within the intertidal zone. The 1990 data had a 

slightly higher elevation than the 2002 data (75 cm), meaning erosion may have occurred, 
lowering the profile over this time. The dunes receded shoreward by circa 5 m. Figure 5.28 

Plustrates the mean profile morphology for the BP data and the profiles measured during the 

same times of the year as the 1990 data. The profile elevation had increased since 1990 by 

approximately I m. The 1990 profile varied substantially with a large dune zone. Dunes were 

not included in the 2002 data because access could not be gained due to restoration. 
Standard deviation was greatest in the 2002 backshore data. 
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Figure 5.28. The mean profile for Profile 45 using BP and 2002 data with standard deviation. 

5.2.7. Overall Beach Change 
Table 5.1 illustrates that in Shell Bay, most gain was within Profile 35 and most loss within 
Profile 29. Within Studland Beach, most gain was within Profile 37 and most loss within Profile 

48. Within South Beach, Profile 50 lost the most, and most gain occurred in Profile 52. 
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1990-1991 1990-1991 
Where was most loss? Profile Where was most gain? Profile 
Studland 48 Studland 37 
Shell Bay 35 Shell Bay 29 
South Beach 50 South Beach 52 

Table 5.1. Distribution of loss and gain in 1990 and 1991. 

In contrast, most loss at Studland Beach occurred in Profile 44 in 2001, Profile 48a in 2002 and 
Profile 37c in 2003. Most gain occurred in Profile 45 (2001 and 2003), and Profile 37 (2002). 

Profile 52 exhibited gain in 1991 but loss in 2001-2003 (Table 5.2). 

2001 2002 2003 2001 2002 2003 
Where was 
most loss? 

Profile Profile Profile Where was 
most gain? 

Profile Profile Profile 

Studland 45 37 46 Studland 44 48a 37c 
Shell Bay 35 35 35 Shell Bay__ 29 28 28 
South Beach 51 

I 
52 

I 
52 

I 
South 
Beach I 

50 

I 

50a 

1 

50 

1. 

Table 5.2. Profiles exhibiting most loss and gain In the Studiand system. 

Table 5.2 indicates which profiles lost and gained sediment throughout 1990 and 1991. The 

majority of profiles lost sediment whereas only a small proportion of profiles gained. 
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PROFILE 1990-1991 

28 Growth 

29 Growth 

30 Loss 

35 Loss 

36 Loss 

37 Growth 

38 Loss 

39 Loss 

40 Loss 

41 Loss 

42 Loss 

43 Loss 

44 Loss 

45 Growth 

46 Loss 

47 Loss 

48 Loss 

49 Loss 

50 Growth 

51 Growth 

52 Growth 

Table 5.1 The profiles illustrating loss or gain between 1990 and 1991. 

Table 5.3 shows that in the first year of data collection (2001-2002), most of the sample 
signified a volume growth except for the southern section of Studland Beach and South Beach. 
In 2002-2004, South Beach still lost sediment whereas parts of Middle Beach signified growth, 
particularly in 2003-2004. The remainder of the profiles, on the whole, showed a loss of 
sediment in both Shell Bay and Studland Beach 
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PROFILE 2001-2002 00 1 2002-2003 2003-2004 28 Grc Growth Growth Growth 
28a 

E 

Loss Loss 
28b Loss Growth 
29 ýro ýro Growth Loss Loss 
30 Growth Loss Growth 
30a 

' -- Loss Loss 
3b b Loss Loss 
30c Loss Loss 
30d Loss Loss 
35 Loss Loss Loss 
36 Loss Gain Loss 
36a Loss Loss 
37 Loss Loss Growth 
37a Loss Loss 
37b Loss Loss 
37c Loss Loss 
38 Growth Growth Growth 
38a Loss Growth 
38b Loss Loss 
39 Growth Loss Loss 
39a Growth Growth 
40 Growth Loss Loss 
40a Loss Loss 
41 

- 
Growth Growth Growth 

41 a_ Loss Loss 
42 Growth Loss Loss 
42a Growth Growth 
42b Loss Loss 
43 Growth Loss Loss 
43a Loss Loss 

'44 
Growth Loss Loss 

44a Growth Loss 
45 Loss Loss Loss 
45a _ Growth Growth 
45b Loss Loss 
46 Loss Loss Loss 
47 Loss Loss Loss 
47a Loss Growth 

_47b 
Growth Growth 

48 Loss Growth Growth 
48a Growth Loss 
49 Loss Loss Loss 
49a Growth Growth 
50 Loss Growth Loss 
50a Loss Growth 
51 Loss Loss Loss 
51a Loss Loss 
52 Loss Loss Loss 

Table 5.4. Volume lossIgrowth of each profile for Studland Beach (201-2004). 

Profile 37 lost most sediment in 2002 but displayed a gain in 1990-1991. Profile 29 gained in 

2001 and 1991. Profile 52 gained in 1990-1991 but lost most in 2002-2003 (Table 5.4). Profile 

35 lost in 1990-1991 and 2002/03; South Beach lost in 1990-1991 but gained most in 2001. 
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Table 5.5 shows the profiles which were either in balance, (i. e. where the number of years 
exhibiting a gain equalled the amount losing sediment), whether the profiles were out of trend, 
(i. e. where there was no particular pattern to the loss or gain), and where the profiles exhibited 
the same trend through each of the sampling years (from 1990-2003). Each profile was also 
described according to landward or seaward trends in the morphology. 

There were several profiles exhibiting balance (or were in equilibrium), including Profiles 28, 
35,39,40,42,43,44,48 and 50. The profiles without a particular trend and a mix of both 

erosional and accretional included Profiles 38,41,45,51 and 52. The profiles exhibiting the 

same trend throughout the years (either accretionally or erosionally dominant trend) included 
Profiles 29,30,36,37,46,47 and 49. The profiles exhibiting landward or seaward movement 
within the HWM/LWM remained the same for the whole of the sampling period. Studland Bay 
indicates there were blocks of profiles with either a landward trend or a seaward trend. 

PROFILE BALANCE OUT OF TREND SAME TREND SEAWARD OR 
LANDWARD 
CHANGE (1990) 

SEAWARD OR 
LANDWARD CHANGE 
(2003) 

28 Yes 
29 Yes 
30 Yes 
35 Yes Landward Landward 
36 Yes Landward Landward 
37 Yes Seaward Seaward 
38 Yes Landward Landward 
39 Yes Seaward Seaward 
40 Yes Landward Landward 
41 Yes Landward Landward 
42 Yes Landward Landward 
43 Yes Seaward Seaward 
44 Yes Seaward Seaward 
45 Yes Seaward Seaward 
46 Yes Landward Landward 
47 Yes Landward Landward 
48 Yes Landward Landward 
49 Yes Landward Landward 
50 Yes 
51 Yes 
52 Yes 

Table 5.5. Trend of profiles between 1990 to 2003. Distribution of proriles showing landward or seaward 
trends Is also shown in this table for 1990 and 2003 data. 

5.2.7.1. ANOVA - Split Plot Analysis 
Where zone and time are significant, there is a significant difference of zones with time. If 

there is a significant difference between the subjects, there is a significant difference of 

sediment between zones at different times. A zone that is said to be significant has more 
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variability than the other zones or it is more distinctive. Profile behaviour was not consistent so 
there was significant interaction. Interaction between profiles means that behavioural change 
was spatial. 

Table 5.6 suggests that Studland Beach demonstrated a significant change for time particularly 

within the zones but not within a profile. Most change was within the LWM- No significant 
difference occurred between profiles with each profile behaving in the same manner. In the 

south, there was much variation within the profile over time illustrated by a significant 
difference. LWM exhibited the most change. In Shell Bay, within time, significant change was 
substantial with all zones behaving significantly. Spatially, between zones, significant change 
was abundant. Year one showed most change was particularly significant within the LWM. For 

year two, there was significant change within zones and over time. In year three, there was 
significant change between the zones. 

SHELL BAY WITHIN BETWEEN 
data Box 

test 
Mauchly Huynh 

Feldt 
I Levenes time intercept Students 

test 
Shell Bay zone Time dune inter LWM 
Yearl 

. 244 
. 040 

.0 . 995 . 522 . 829 ns . 999 .0 . 999 
Year 2 

. 079 .0 . 003 . 013 . 957 . 999 . 998 .0 . 994 
Year 3 ns . 079 

. 000 . 003 1 . 013 1 . 957 1 .. 999 . 998 . 000 . 994 
Years 13 

_. 
21 11 ý063 

. 000 . 003 . 000 1 
. 987 1 ns Ens EEý 

. 000 Ns 
Weekly 

. 000 1 . 000 . 000 ns ns ns 0.18 ms . 000 ns 
Studland Beach Within Between 
data Box Box 

tI est 
Mauchly Huynh 

Feldt 
Levenes time Intercept Students 

test 
Studland bay zone Time dune inter LWM 
Yearl ns . 000 . 000 ns ns ns '981 ns . 000 ns 
Year 2 ns . 000 

1 

. 000 ns ns ns . 940 ns . 000 ns 
Year 3 ns . 000 . 000 ns ns ns . 380 ns . 000 ns 
Years 13 ns . 000 . 000 ns ns ns . 942 ns . 000 ns 
Weekly ! is 00 0 . 000 ns ns ns ns ns . 000 ns 
South Beach Within Between 
data Box 

test 
Mauchly Huynh 

Feldt 
Levenes 

I 

time Intercept Students 
test 

South Beach zone Time dune inter LWM 
Yearl 

. 077 . 000 . 977 ns ns . 965 ns . 000 ns 
Year 2 . 152 . 005 . 000 . 984 ns ns . 515 ns . 000 ns 
Year 3 . 001 . 000 . 995 ns ns 

_. 
961 ns . 000 ns 

Years 13 . 125 . 000 . 000 . 999- ns ns . 613 ns ns 
Weekly . 024 . 000 . 000 ns ns ns . . 618 ns . 000 ns 

TableS. 6. Split plot ANOVA analysis at Shell Bay, Studland Beach and South Beach. 
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5.2.8. Sediment Size Analysis - Longshore and Cross-shore Variability 
Tables 5.7,5.8 and 5.9 and Figures 5.29 to 5.31 highlight the results of the sediment size 

classification for the Studland beach system. The results show variability between the dunes, 

interfidal zone and LWM. Figures 5.29 to 5.31 show there is little variability in sediment 
distribution alongshore, except at South Beach. 

Shell Bay sediment ranges from coarse to fine sands (Table 5.7). Shell Bay dunes have a 

constant trend consisting of fine sand (90 and 150 microns), Abundance of coarse sand 
increases towards Pilot's Point. The beach samples consist of fine and coarse grained sands 

with samples taken along the LWM have the greatest proportion of coarse sands. The mean 

grain size increases towards Pilot's Point for all samples. 

percentage retained I I 

Very 
coarse 
sand 

Coarse 
sand 

Fine 
sand 

Very 
fine 
sand 

profile position 1.18mm 600mc 300mc 150mc 90mc 63mc kurtosis skewness mean st dev 
28 dunes 91.1 5.51 2.01 1.37 0.03 4.95 2.22 20 39.79 

beach 87.96 10.34 1.55 0.13 0.02 4.74 2.17 20 39.79 

water 97.96 1.05 0.92 0.07 3.4 2 25 48.64 
29 dunes 90.64 5.69 2.51 0.86 0.3 4.94 2.22 20 39.55 

beach 87.87 11.96 0.15 0.02 3.62 1.9 25 42.29 

water 95.57 4.11 0.31 0.01 3.97 1.99 25 47.08 
30 dunes 92.48 4.72 1.58 1.14 1 

0.08 3.97 1.99 24.98 45.03 

beach 94.92 3.87 1.11 0.1 3.98 1.99 25 46.64 

water 98.12 0.81 0.76 0.3 0.01 51 2.24 20 43.67 

Table 5.7. Sediment size analysis for Shell Bay dunes, beach and LWM. 
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percentage retained 
I Very 

coarse 
sand 

Coarse 
sand 

Fine 
sand 

Very 
fine 
sand 

profile position 1.18mm 600mc 300mc 150mc 90mc: 63mc kurtosis skewness mean st dev 
36 dunes 94.64 3.5 1.13 0.62 0.11 4.98 2.23 1 20 41.75 

beach 95.62 1.97 1.56 0.72 0.13 4.98 2.23 20 42.28 

water 95.5 3.77 0.08 0.65 3.98 1.72 33.12 54.06 
37 dunes 91.59 5.88 1.17 1.36 3,95 1.99 25 44.45 

beach 95.36 1 3.73 0.36 0.52 0.03 4.97 2.23 20 42.15 

water 94.17 3.74 2.03 0.04 0.02 4.97 2.22 20 41.49 
38 dunes 87.31 3.62 3.12 5.93 0.02 4.94 2.22 20 37.69 

beach 82.61 16.76 0.23 0.4 3.14 1.78 25 39.18 

water 97.1 2.87 0.03 10 1 3.98 2 25 48.09 
39 dunes 91.24 7.3 0.73 0.7 0.03 4.89 2.21 20 39.93 

beach 94.4 3.86 0.87 0.84 0.03 4.98 2.23 20 41.62 

water 93.98 4.43 1.48 0.11 3.97 1.99 25 46.02 
40 dunes 83.69 14.47 1.43 0.4 0.01 4.41 2.09 20 36.11 

beach 86.31 11.62 1.34 0.71 0.02 4.66_ 2.15 20 37.37 

water 96.92 2.01 1.07 0 3.99 2 25 47.95 

41 dunes 95.11 3.6 0.41 0.86 0.02 4.98 2.23 20 42.01 

beach 95.82 2.97 1 0.21 0 4.98 2.23 20 42.40 

water 97.76 2.2 0.03 0.01 3.99 2 25 48.52 

42 dunes 97.48 1.3 0.35 0.85 0.02 5 2.24 20 43.32 

beach 91.59 6.21 1.32 0.83 0.05 4.93 2.22 20 40.09 

water 99.1 0.52 0 0.38 4 2 25 49.4 

43 dunes 97.09 1.98 0.12 0.81 0 4.99 2.23 20 43.1 

beach 64.4 32.89 2.5 0.19 0.02 0.26 1.24 20 28.44 

water 94.14 3.87 1.02 0.96 3.98 1.99 25 46.12 

44 dunes 1 85.3 13.25 0.45 0.92 0.08 4.53 2.12 20 36.92 

beach 94.65 4.12 0.96 0.27 3.97 1.99 25 46.46 

water 97.16 2.42 0.4 0.02 3.99 2 25 48.12 

45 dunes 86.33 9 2.95 1.65 0.07 4.83 2.19 20 37.23 

beach 98.56 1.13 0.21 0.09 0.01 5 2.24 20 43.92 

water 95.26 3.1 1.49 0.16 3.99 2 25 46.85 

46 dunes 69.7 24.66 2.64 2.95 0.05 2.62 1.7 20 29.5 

beach 65.68 10.4 17.94 5.98 3.34 1.81 25 27.57 

water 90.8 9.1 0.04 0.06 1.95 25 44.07 

47 dunes 98.15 0.93 0.34 0.51 0.07 5 2.24 20 43,69 

beach 73.64 22.94 2.14 1.19 0.09 3.08 1.8 20 31.45 

water 97.99 1.64 0 0.27 0.1 2.23 20 43.6 

48 dunes 95.98 2.04 1.59 0.35 0.04 4.99 2.23 20 42.48 

beach 90.02 6.98 2.25 0.68 0.07 4.9 2.21 20 39.24 

water 97.98 1.98 0.03 0.01 3.99 
- 

2 25 48.66 

49 dunes 96M 4 16 0.08 0.07 -T9 7 

g 

1.99 25 47.17 

beach 93.01 5.24 1.54 0.2 0.005 .9 4.95 2.22 20 40.89 

water 97.48 2.51 0.01 0 3 . 99 3.99 2 25 48.33 

Table 5.8. Sediment size analysis for Studland Beach dunes, beach and LWM- 
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percentage retain I 
Very 
coarse 
sand 

Coarse 
sand 

Fine 
sand 

Very 
fine 
sand 

Profile position 1.18mm 600mc 300mc 150mc 90mc 63mc kurtosis skewness mean st dev 
50 dunes 34.08 48.9 16.32 0.68 0.02 -1.74 0.5 20 21.33 

beach 96-92 2.96 0.07 0.04 0.01 4.98 2.23 20 43.02 
water 

- 
87.52 12.45 0.03 0 3.58 1.89 25 42.09 

51 dunes 4.5 77.95 16.87 0.51 0.17 4.12 2.02 20 33.1 
beach 6.78 0.01 39.21 1.87 9.57 1 2.56 4.83 2.15 10 14.7 
water 88.56 11.4 0.01 0.03 3.66 1.91 25 42.7 

52 dunes 95.2 4.56 0.22 0.02 3.96 1.99 25 1 4.5 
beach 97.59 2.33 0.06 0.02 0 4.99 2.23 20 43.39 
water 98.21 1.33 1 0.45 001 1 4 2 25 48.81 

Table 5.9. Sediment size analysis for South Beach dunes, beach and LWM. 

The Studland system predominately consists of fine sands with coarser sand being found along 
the LWM (Table 5.8). Mean grain size decreases southwards. South Beach has a higher 

percentage of coarse grain sizes with mean grain size increasing southwards also. Sediment 

ranges from very coarse sand to very fine sand (Table 5.9). Only Profile 51 has very fine sand. 
Most of the coarser sediment is found along the LWM, and most of the fine sediment in the 
dunes. There is a slight coarsening trend towards the north of Studland. Some of the dune 

samples have a large proportion of coarser materials than the beach sediments (e. g. Profiles 
28,38,42,46,47,48, and 49). Skewness is predominately positive (2.23 to 0.5). Kurtosis 

ranges from 4.9 to -1.7. The LWM sections for Profile 28,29,36,38, and 42 have large 

standard deviations along with Profile 30 beach, Profile 49 all and Profile 52 all. Profiles 50 

beach, Profile 51 beach, Profile 47 beach, Profile 46 dunes, Profile 43 dunes and Profile 40 

dunes have small standard deviations. 
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Figure 5.29. Sediment size analysis for the dune areas. 
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Figure 5.30. Sediment size analysis for the beach areas. 
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Figure5.31. Sediment size analysis for the LWM areas. 

The intertidal zone sometimes has the coarser deposit, although there is sediment variation 
longshore and cross-shore. For dune profiles within Shell Bay, sediment varies from 1180 mc 
to 90 mc (Table 5.7). Most of the sediment was within the larger grain sizes. Profile 30 had the 
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highest proportion of 1180 mc sediment and Profile 29 the least, although all three profiles 
have circa 90% coarser sand particles. For the beach samples, Profile 30 have most sand 
within the 1180 micron than the other profiles, 29 had the least. All the sediment ranges from 
1180 to 150 mc, with no sediment from the smallest particle array. For LWM, Shell Bay 
sediment ranges from 98 to 96% again with Profile 30 having the most sediment within this 
range. Sediment ranges from 1180 to 150 microns (Figures 5.29 to 5.31). 

In Studland Beach, sediment ranges from Profiles 36 to 49 (Profile 35 has been omitted 
because of its close proximity to Profile 36) (Table 5.8). In the dunes, sediment ranges from 
I 180 to 90 microns. Sediment distribution ranges from 98% 1180 microns for Profile 49 to 65% 
for Profile 46. For the beach profiles, sediment ranges from 99 to 60% for the coarsest 
materials (Profiles 45 and 43). For the LWM, coarser sediment ranges from 98 to 95% at 1180 
Mc. All profiles have similar sediment ranges here. For South Beach, within the dune zone, 
the sediment ranges from 1180 to 63 microns (Table 5.9). Profile 52 has the coarsest 
sediment at 92% and Profile 51 the least proportion of coarse material at 5%. For the beach 
zone, Profile 52 has the greatest proportion of coarser sediment (98%) and Profile 51 the least 
at 10%. For the LWM, South Beach sediment ranges from 1180 to 300 mc. Profile 52 has the 
highest proportion of coarse material (99%) and Profile 50 has the least (85%) (Figures 5.29 to 
5.31). 

5.19. Interaction of Climate 
This section outlines the interaction between beach morphology and local meteorological 
variables. The significant wave height data were supplied by BODC and varied substantially 
between 2001 2003 (Figure 5.32). There were no data for 1990-1991. In 2001, wave data 

varied from 2.5 to 0.55 m over the year. The highest peak was in February and the lowest in 
December. The wave height trend was inconsistent, varying every month without displaying a 
seasonal difference. In summer, the peaks were slightly lower (0.5 m). In 2002, the minimal 
wave heights were larger than in 2001, varying from 0.75 to 2.3 m. The highest wave height 

was in the first week of February, last week of January, and the lowest wave height in May. 
Again, there was no clear seasonal variation, although heights were slightly lower in summer. 
In 2003 the trend differed with the lowest wave height of 0.6m and the highest at 2.4 m. Wave 
heights were higher in January/February; November/December. The lowest waves were in 
October. 
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Figure 5.32. Wave height for 2001,2002 and 2003 (significant wave height). 

194 



Wind data were only available for the period April 1991 - October 1991 (Table 5.10). The most 
frequent winds were in the following directions: north-north-easterly winds; southerly to 

northerly and south-westerly to westerly. These occurred in June, August and September. 
The least frequent were north-easterly to south-westerly. Most were south-easterly to 

southerly. 

TIME HIGHEST WIND % OCCURRENCE LOWEST WIND 
SPEED 

% OCCURRENCE 

April 1991 271-315 19 46-90 8.5 
May 1991 0-45 21 181-0-5 7.5 
June 1991 226-270 25 46-90 4 
July 1991 181-225 20.5 316-360 7.5 
August 1991 22 270 19.5 136-180 5.5 
September 1991 226-270 17 136-180 8 
October 1991 271-315/316-360 16.5 91-135 6.5 

Table 5.10. Wind directions forApril 1991 to October 1991 (measured in monthly average mean wind 
speed (HMWS)). 

Table 5.10 and Figure 5.33 show the monthly average Hourly Mean Wind Speed (HMWS) for 
April to October 1991 varied from 7-10 m/s with little variation throughout this time period. The 
highest wind speed occurred in June 1991, and the lowest in May 1991. The maximum hourly 

mean wind speed varied from 95 to 22 m/s. The 95 m/s was slightly anomalous as most of the 

measurements varied from 30 to 22 m1s. May 1991 had a wind speed of 95 m/s and July had 

the lowest wind speed. The wind direction associated with the HMWS varied from 88 to 28, 

again with the highest in May 1991 and the lowest in September 1991. 

Between October 2002 and October 2003, the trend varied significantly (Figure 5.33). Monthly 

average HMWS varied from 6 to 10 m/s with the lowest in October and the highest in January 
2003. The maximum HMWS for the month occurred in a similarly variable trend. The highest 

was 37 and the lowest was 17. The highest figure occurred in January 2003 and the lowest in 

August 2003. Similar highs occurred in November 2002 and October 2003, with most values 
being in between 25 and 29 m/s. With wind direction associated with the maximum HMWS 

varied from between 22 and 287. The months with slightly lower readings were January 2003, 

April 2003, July 2003 and September 2003. 
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Figure 5.33. Monthly average High Mean Wind Speed (HMWS); Maximum HMWS per month and Wind 
Direction (WD) associated with maximum HMWS for 1991,2001-2002 and 2002-2003. 
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Between October 2001 and September 2002, the trend was similar to those of 2002 and 2003 
(Figure 5.33). The wind direction associated with the maximum HMWS varied from between 
227 in November 2001 and 177 in August 2002. Most values occurred between 18 and 21' 
between December 2001 and July 2002. This trend was relatively static throughout this time 
period with the monthly average HMWS illustrating a constant trend. The maximum recorded 
values were 7 mIs in February 2002 and the lowest 3 m/s in September 2002. Most values 
occurred between 3 and 5 m/s particularly between March 2002 and September 2002. The 
maximum HMWS in the month varied from 9 (August 2002) to 19 (January 2002). The trend 
was relatively variable with rises and troughs throughout the year. 

5.3. Discussion 

The discussion is divided into distinct sections: 
=: > The importance of the seabed and the morphological variability of the seabed; 

=> Beach system morphological variability; 

=> Cross shore sediment variation; 

=: > Importance of sampling intervals (spatially and temporally). 

5.3.1. The Importance of the Seabed - Morphological Variability 
The general seabed form consisted of a seaward prograding shoal which was much more 
defined in the north than in the south of Studland Bay. Variability in the morphological structure 
was limited with little variation occurring between the data sets of 1990-2004. The bathymetric 

variation of Studland Bay was likely to be controlled by tidal currents, wave energy, wave 
direction and local geology, although there was little change in the outline plan since the 
hydrographic chart of the 1970s. Substantial research had identified the significance of Poole 
Harbour's geomorphology (Velegrakis, 1994; Brampton et al., 1998; Carter and Bray, 2003). 
Brampton et aL (1998) concluded that seabed morphology had altered over time in accordance 
with beach sediment availability and the rate of offshore dredging. The Training Bank also 
encourages accretion of sediment against it. Morphological differences may counteract 
changes in currents and wave refraction (morphodynamics). This morphological variation was 
also reflected in the beach structures. The northern section of Studland Beach had greater 
morphological variability and a wider beach than its southern counterpart. 
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Dredging of Hook Sands, as described by Brampton et a/. (1998), will result in alternating 

erosion and accretion phases on the seafloor. As a result, sediment mobility varies spatially 
due to sediment type distribution and marginal scour. The seabed off the Foreland, for 

example, consists of a veneer of gravels and cobbles on bedrock, whereas Hook Sand and 

Milkmaid Bank consist of different sized sands and silts reflecting localised energy changes 

within the water column and spatial changes in the beach. Areas with substantial quantities of 

sediment offshore have wider beaches, such as the data suggest within north Studland Beach. 

In the south of the bay, adjacent to Knoll, Middle and South Beaches, where there was little 

sediment, erosion was more prevalent because there was no protection of the beach from 

offshore. 

The highest wave energies reach the southern and central sections of the seabed, causing 

erosion or a deficit in sediment compared to the north. Waves propagated over Studland's 

south-east fetch are not affected by wave refraction and have higher inshore wave energy than 

the south-westerly swell entering Poole Bay. South-easterly waves cause drawdown and thus 

transport sediment offshore, as the profile data suggested from the loss of sediment from the 

backshore and intertidal zone to the LWM in several surveys. Under prolonged periods of 

westerly or south-westerly winds, the change in profile configuration and volumes suggests 

sand bars develop and migrate onshore. Except under prolonged easterly to south-easterly 

conditions, Studland Bay was a sediment sink fed by an offshore sediment pathway converging 

on Poole Bar from the Swash Channel. Refracted swell waves approaching from the south- 

west are diffracted by the Foreland thus creating a low wave energy environment along most of 

the shoreline's length. The planform of Studland Bay is not yet fully adjusted to wave energy 

distribution (Halcrow, 1999). But wave energy distribution changes, so beach morphology also 

varies. 

The wave data varied substantially over the three years of data collection (Figure 5.32). In 

2001, there was not a seasonal difference in wave height although it varied every month. In 

2002, the minimal wave heights were larger than in 2001, varying from 0.75 to 2.3 m. In 2003 

the trend differed again. Wave heights were higher January/February and 

November/December. The seabed morphology showed little variation during these periods. 

This may be because of the sampling period of the seabed survey. The surveys were 

repetitive annual surveys so illustrated a net change. The annual change may reflect the small- 

scale seasonal or sub-annual variation, 
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Due to weak wave energies, wind directions, and spatially variable sediment accretion, the 
depths of the northern and southern zones of the Bay differ substantially. Additionally, 
Milkmaid Bank lies in shallower water aided by the sediment distribution, thereby protecting the 
beach. Complex currents within Studland Bay mean the southern area was starved of 
sediment sources from Poole Harbour or the offshore shoals. 

Sediment transfers from the beach to the shore may also have an impact on the changing 
morphology of the seabed within Studland Bay. Erosion of the shoreline/nearshore led to 
deeper water near the shore with up to 50 cm difference. This change should be reflected in 
the profile data but the data do not show this change. However, the profile data may not 
extend far enough seaward to take into consideration the changes occurring in the seabed 
survey data. Seaward sediment transport determines the size and morphology of sand 
banks/shoals within the nearshore and offshore environments. Their generation requires 
abundant mobile sediment either from the local seabed or from local erosion, occurring where 
currents were sufficiently strong to move sediment. Offshore winds and offshore directed 

currents such as rip currents may have exacerbated the seaward movement. 

5.3.2. Beach Morphological Variability 
Generally, a typical beach profile at Studland consists of a dune ridge within the backshore, an 
intertidal zone and a bar-dominated LWM. The northern section of Studland was more 
developed than its southern counterpart, geornorphologically. The dunes were larger, more 
vegetated and less susceptible to erosion. 

The data illustrate a clear summer profile with accretion and a definite winter profile, although 
this was variable along the beach according to beach width and dune height. 1990 and 2003 
data demonstrated a seasonal variation in the beach profiles. The intertidal zone was the most 
variable zone according to the standard deviations. This was due to tidal height over the lunar 

cycle and migration of both the LWM and HWM. Sediment transfer was likely to reflect this 

variability with substantial exchanges of sediment occurring with changing tidal positions. 

Summer profiles exhibit a wide berm with a smooth bar-free offshore profile. In winter, berms 

were largely absent. The sand migrates offshore forming a series of shore-parallel bars. Sand 
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volume remains relatively constant with the overall profile being smaller in winter than summer. 
Sediment transport in and outside of a breakpoint helps explain the fundamental difference 
between seasonal profiles. With steep waves, transport was seaward inside the breakpoint 
and landward outside it due to sediment accumulation at the breakpoint bar. With flatter 
waves, material was moved landwards in all depths; there must therefore be an accumulation 
at the limit of wave action. The bar crest never grows above the level but reaches a definite 

equilibrium size (King, 1959). 

The rate of tidal translation across the profile, which is a function of tidal range, stage and 
beach gradient, adds another level of complexity to beach morphodynamics and is responsible 
for the generation of numerous distinctive beach types (Masselink and Short, 1993; Masselink 
and Hegge, 1995). Tides retard sediment transport and morphological change, inhibiting 
offshore bar formation and enhance nearshore cell circulation in low tide conditions. Neap 
tides steepen the beach gradient, whilst spring tides cause planation due to seaward 
displacement of the beach's major sediment store from the subaerial zone to the lower 
intertidal and subtidal zones by an increasing tidal range (Clarke et aL, 1984). Neap tides 
result in beachface sediment accumulation at the HWM to be redistributed across the beach 

with increasing tidal range, resulting in overtopping and horizontal and lateral growth (Otvos, 
2000). 

The summer intertidal berm was more prominent and better-developed, and the foreshore was 
much wider along the Studland beach systems. The LWM was dominated by an intermittent 

presence of nearshore bars. The duration of these, particularly in the 1990s, was unknown but 
they were present on most of the surveys during this time. The southern section of Studland 

was less well-developed, and underwent less morphodynamic development. Bars and 
intertidal berms were less prominent than in the northern section and in some profiles, were 
absent. South Beach, in particular, had poorly developed berm structures, although the beach 

gradient was much steeper than the topography demonstrated in other beach profiles. Wider 
beach profiles may also show evidence of embryo dunes, backwash channels, overwash 
channels and intertidal bars, berms, ridges and steps. 

Steep profiles existed in the southern half of the Studland system with wide, flatter profiles 

occurring in the more northerly sections. Most topographical variation was found within the 

north of the beach, where the beach was wider. Morphology was distinct with a greater variety 
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of landform variation which may account for temporal profile variability and volume variation. In 

the south of the beach, there was less distinct change because the beach was more erosional 
in profile. 

Shell Bay was distinct to Studland Beach and South Beach. At its distal ends, erosion was 
dominant, partly due to the location and proximity to both the ferry terminus and the Training 

Bank. The eastern end was also narrow due to wave refraction. The dunes show variability 
due to their location and also beach width. The greatest erosion rates within Shell Bay were at 
its distal ends in the 1990s, particularly in the dunes and in 2003/4. The dunes showed erosion 
because they were undercut by higher wave energies due to a narrow intertidal zone and lack 

of offshore zone. The distal ends were extremely narrow so were submerged by tides for much 

of the time. 

Generically, erosion of beach and dune sediments proceeds with transfers of sand offshore, 

widening the inshore zone and thus increasing energy dissipation. With substantial sediment 

volumes transferred offshore, a large storm bar appears which reflects energy, minimising the 

amount of wave energy that must be dissipated in the inshore zone (Leatherman, 1979). 

The occurrence of zonal differences does not necessarily illustrate the overall long-term trend 

of profile and beach configuration. In the intertidal zone, the middle profiles were undergoing 

erosion with the distal ends accreting, signifying the importance of cross-shore sediment 

transport and longshore drift. The intertidal zone was undergoing erosion because the arc of 

the bay was receding. To adjust, the intertidal zone had to lose sediment. The dunes were 

accreting however, so this means some movement of sediment was probably landward. The 

LWM in Shell Bay was accretionary, possibly due to sediment being exchanged with the 

intertidal zone. The intertidal zone affords protection to the dunes, thereby causing stability. 

Between 2001-2003, Shell Bay was mainly a growth area with offshore sediment and dune 

feed. It was possible that sediment was being transported from Pilot's Point and other parts of 

Studland Beach but this is purely speculative. In 2002/2003, more erosion occurred at Pilot's 

Point than the western ferry end in the dunes. More profiles underwent loss than gain. Profile 

28 had the highest gain, in contrast to the previous year, which showed a loss. Profiles 29 and 

30 gained sediment (1 and 3%). This was similar to 2001. The trend was for increasing 

erosion towards Pilot's Point. Most Studland profiles demonstrated volume gain. Variation 
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trends altered with contiguous profiles. Neighbouring profiles offered varying trends of growth, 
although this was not a north-south spatial trend. In comparison with other zones, the dunes 

accreted where the beach and LWM underwent erosion. In 2001, the southern profiles 
exhibited most loss with the most gain occurring in the more northern profiles. 

Studland showed erosional tendencies in narrower sections of the beach. ' Narrower intertidal 

zones usually caused more erosion with little sediment exchange between all zones. Erosive 

sections of the beach were characterised by dune undercutting and lack of offshore bars/swash 
bars. Erosion was also likely where there was rhythmic topography, particularly in an 
embayment arc. 

Studland Beach profiles showed variability but also stability. There were groups of profiles 
which gained sediment and certain profiles which lost. Others showed great patterns of 
variability in 1990-1991 and 2003 data. Some profiles were in balance where there may were 
an equal amount of loss and gain (Profile 28). Profile 29 showed the same trend which was 
growth and Profile 38 showed a trend that was random. There were several reasons for this 

variability. Some profiles were in balance with loss and gains because they exhibited seasonal 
trends with a constant exchange of sediment, perhaps with winter loss and summer gains. 
Some years may not show loss and gains but in the long-term, the balance occurred. This 

reflected the long-term trend. The long-term trend may not reflect short-term changes. Some 

profiles were predominately accretional because of constant sediment exchange between all 
three zones; there was a wide beach, less wave energy and also the correct orientation or 

meteorological conditions. 

Some profiles showed they were out of trend where the loss was greater than or less than the 

amount of growth. Instability could be due to several reasons including sediment surges or 

pulses, erosion of bars, removal of bars or growth attachment, rhythmic topography, increased 

wave erosion, or meteorological conditions. Profile position was important. Profile 38 may be 

out of trend perhaps because of rhythmic topography or sudden input of sediment from the 

dunes, for example. The intertidal zone (between 10 and 30 m) was only slightly higher in the 

2002 profile than the 1990 topography. Alteration of profile morphology between neighbouring 

profiles signifies longshore pulses in sediment transport but also longshore migration of 

rhythmic topography. Neighbouring profiles exhibited migratory patterns distinctive of 

embayment type features. This was especially significant in the movement of features between 
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LWM and intertidal zone with a south to north migration. 

The dunes underwent shoreward recession of circa 5m since 1990, probably due to a lack of 
sediment feed from the adjacent beach zones and also offshore. There was a lack of sediment 
offshore, as demonstrated by the seabed bathymetry which means little sediment was provided 
to the beach from either the offshore direction of the backshore. Spatial variability in Studland 
Beach was due to beach width, dune height, width of the intertidal zone and the offshore 
bathymetry. Wave focus and refraction were also important. The narrower sections of 
Studland were likely to be part of a wave focus. Sea defences and sediment availability were 
also important. Beach feed and sediment transport patterns cannot be directly measured but it 
can be deciphered from the data and sediment budgets that sediment feed was occurring. The 
intertidal zone was the most variable and the offshore zones, particularly in South Beach 
exhibited less change. 

South Beach underwent erosion. There were no dunes along this beach due to the proximity of 
the beach to the sea defences, a narrow beach and lack of offshore sediment. The intertidal 

zone profiles in South Beach were mainly erosive. The LWM showed less erosion and less 

accretion than exhibited in any other beach zone, however. This indicates there was some 
stability to this zone despite little geomorphic development. South Beach profiles were erosive 
due to the local geology, cliffs and also sea defences. 

Carr (1971) looked at erosion and accretion of the foreshore between 1936 and 1970, 

observing that the distal ends of Shell Bay were erosive with the dune position migrating 
landwards, which was found to be occurring in the current research data (Table 5.11). The 
dunes of northern Studland beach migrated substantially in the north with only the southern 
dunes migrating landwards due to erosion. The current research illustrated similar trends 

outlining that the shoreline positions of today reflect historical trends. 

Several profiles showed landward or seaward trends, illustrating either shoreline progradation 
or regression. More profiles showed a landward change than a seaward change. These 

trends were consistent over the last two decades. This was not reflected in the historical 

archive and HWM/LWM trends. The overall trends remained the same despite the fact that 

some individual profiles were out of trend. Seaward change existed in Profiles 37,39,43,44 

and 45 in the northern section of Studland Beach. This may be due to several reasons 
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including the attachment of bars, movement of longshore drift, the development of rhythmic 
topography or attachment of the offshore zone. Landward change was usually signified by 

erosion. 

BEACH SECTION CHANGE IN POSITION OF DUNE 
EDGE 

DESCRIPTION 

Shell Bay A -18 m Very irregular dun2 limit, 1936 and 1970 
B -23 Very irregular dune limit, 1970 
C +14 
D 0 
E -14 Pilot's Point 

First ridge (north) F +27 
G +46 Isolated dune tussocks further to east 1970 
H +37 Isolated new ridge tussocks between 1936 

+69 Distance to outer partly vegetated dune 
ridge, 1970 

+114 
Zero Ridge K +114 New slack formed by new straight ridge to 

seaward and former arcuate structure to 
landward. 

L +146 
M +133 
N +37 

First Ridge (south) 0 +9 
P -18 
0 -27 
R -9 

Table5.11. Change in dune position. Extracted from Carr (1971). 

Using aerial photographs, Carr (1971) deduced there were no systematic phases of 
geomorphological growth during 1936 to 1970, although there were distinct areas of accretion 
and erosion. Carr (1971) concluded that Shell Bay, Knoll and Middle Beaches were eroding, 
and North Dunes/Beach was accreting. The current data shows this also despite localised 

patterns of short-term change. For example, areas of Shell Bay have accreted during the last 
four years. Sections of north beach were eroding over the current sampling strategy. Carr 
(1971) concluded Studland's growth occurred because of erosion from the Bournemouth cliffs 
which supplemented the nearshore bars and sand supplies from offshore. 

In contrast, there is uncertainty as to whether this process was fundamental to Studland's 

growth because the area was such a sheltered environment in terms of wave energy, or 

whether it occurred as a result of both parallel accretion and longshore drift. Crucially, the drift 

direction was also wrong; most drift in Studland comes from south to north with very little 

originating in the opposite direction where it had difficulty crossing the Harbour entrance. May 

(1997) reviewed accretion rates indicating that Studland's southern end was more prone to 
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erosion than its northern counterpart. This study also suggested that spatial units of the beach 

underwent localised variation, alternating between accretion and erosion. Table 4.9 

demonstrates variable rates of shoreline change: erosion or accretion does not occur at the 

same rate. 

Overall, the long-term trend of the beach shows profiles have similar tendencies. Most beach 

profiles show a behavioural pattern with some anomalous profiles. Where there were losses in 

one zone, there were gains in another. This cannot be proven but it seems likely there was a 
transfer of sediment. At South Beach when the backshore lost sediment, all the beach sections 
lost sediment in 2003 to 2004. Most loss was in central and southern ends of the beach in the 

1990s. Zonal change was variable. In 1991, Shell Bay dunes and the LWM showed accretion 

whilst the intertidal zone showed erosion. Only Shell Bay showed erosion in the intertidal zone 

as reflected in the profiles. Constructional conditions were determined by the amount of 

onshore wind and the wave heights. 

In the narrower sections of Studland, during storms, profile planation was followed by swash 

encroachment of the dune toe, and eventually direct wave attack of the beachface. Beach and 
dune erosion proceeded with offshore sand transfers, forming a large storm bar reflecting 

energy and minimising the amount of wave energy that must be dissipated in the inshore zone. 
As the dune becomes attacked, its sand replaces the berm which was destroyed in the storms. 
The swash zone becomes flattened so the final wave runup expands landwards and the rate of 

wave attack accelerates. Additionally, wave bores strike the dune to create a near-vertical 

scarp. 

Knoll Beach has been the focus for onshore winds and wave refraction, exacerbated by the 

narrow beach and a lack of offshore sediment. Between 1994 and 1997, recession was 
dominant along the dunes immediately north of Knoll Beach resulting in a distinct dune cliff 

(Figure 5.49). This was a consequence of several periods of erosive wave action linked to 

strong easterly winds, which also induced some inland dune migration (May, 1997). Sediment 

added to the beach was removed with the tides as the beach was so narrow. Since 1998, 

there was some recovery due largely to the substantial reservoir of sand provided by the wide 

intertidal zone in Studland Beach. Post-storm adjustments in dunes were important but 

spatially irregular and small in size. Exposure of bare sand on steep slopes before 

revegetation leads to extensive sand chutes and small avalanche tongues which often 
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accumulate across the slope and mask earlier failure morphology, similar to processes 
described by Carter and Stone (1989). 

Active wave processes in northern Studland highlight a well-developed berm structure. Both 

wind and wave processes are important in their deposition. Along straight beach sections 
exposed to significant longshore transport, the difference between neaps and spring tide 

ranges were fundamental to berm development. Lower sediment availability means berms 
develop from onshore migration and welding of swash bars. Swash bars and sediment 
accretion determine Studland's variability, forming on the beach breakpoint, induced by swash 
and backwash processes. Bar welding was increasingly important in the northwards direction, 

occurring when bars migrate landwards towards a dominant beach ridge system, eventually 
welding to the ridge in a migratory sequence in the summer. Landward transport of bar stored 
sand serves to replenish storm damaged beaches. As swash bars approach the HWM, 

migration gives way to vertical accretion, plastering the ridge onto the upper beach. 

A series of recovery pulses, each likened to highly dissipative wave conditions, result in a 
series of swash ridges stranded on the upper beach. At Studland and Knoll, the dunes still 
exhibit damage caused by a prolonged period of easterlies during the early 1990s. However, 
the profile morphology illustrated easterlies were beneficial to southern areas of the beach, 

causing a drift direction reversal with greater potential sediment supply from offshore (Milkmaid 
Bank) and from Pilot's Point (Table 5.3). The profiles south of Profile 43, for example, were 
slightly accretional because of the easterly drift of sediment from Milkmaid Bank as the winds 
push sediment in this direction. A bipolar influence of easterly and westerly winds was crucial 
to Studland's variability. However, easterly winds have minimal impact at Shell Bay, because 

of the shoreline's orientation. These winds blow parallel to the shore pushing sediment 
towards Profile 28 from 35. 

Seasonal changes constitute an important aspect of beach variability. Seasonal variation 
causes erosion of the sediment shore exchange between the subaerial beach and the surf 
zone resulting in a wide non-barred beach in summer and a narrow barred beach in winter. 
Aubrey (1979) suggested seasonal beach change occurs with offshore sediment migration in 

winter and onshore migration in summer, being affected by changes in the wave regime, as at 
Studland. Seasonal migration of sand exists, with sediment transport towards the beach in the 

spring and summer, resulting in a steep beachface and high berm at the end of the summer. 
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Formation of the summer profile configuration was a gradual process of sand accretion on the 

upper foreshore and erosion at shallow depths seaward of the surf zone over several months. 
Offshore sediment transport in winter was crucial to seasonal change in beach profile width and 
height. Scarps in summer were formed by energetic lateral swash action on a steep 
beachface. Bar persistence was also highly variable during this time. During storms, wind 
generated waves and currents actively rework the bars. High energy conditions cause 
shoreline retreat with low energy conditions permitting the shoreline to return to near its original 
position. Swash bars weld onto the beach in very low wave energy conditions. 

5.3.3. Cross-Shore Sediment Variation 
The budgetary information illustrated cross-shore data variations. Mean profiles showed a 
higher elevation in 2000 surveys than 1990. Most variability was within the intertidal zone and 
the LWM. The profile budgets also show this, indicating sediment transfer was prevalent 
between the zones. Cross-shore variation was due to the success of sediment transfer 
between alternating zones, possibly because of the presence of bars and berms, dune-beach 

exchange and offshore-nearshore exchange. Dune losses resulting in intertidal and LWM 

growth could be due to wind direction. Constructional phases in the landward direction could 
be due to onshore winds. Shell Bay dunes and LWM showed accretion whilst the intertidal 

zone showed erosion. In July to May, only the intertidal zone showed accretion in Studland. 
Only Shell Bay showed erosion in the intertidal zone. This was reflected in the profiles. 

With onshore winds, higher waves push sediment onshore which equals accretion. The most 

extreme wave data relates to seasonal trends. There was no seasonal difference with the 

wave data. Climatic variables give an indicator of the types of changes which may occur but 

the monitoring does not occur often enough for changes to be apparent. Temporal variation 
was crucial to the way the beach responds to forcing factors, and was related to three 
dimensional morphology, process, sampling intervals and seasonality/periodicity. Time affects 
the variability of the beach both geographically and spatially. 

In Poole Bay, Lacey (1985) discussed the sediment size variability along the shoreline, 

suggesting the sediment was moderately well sorted with an increase in sand. Sorting 

increased from Poole Bay and Christchurch Bay (westward from western part of the bay to the 

east). Coarser sand existed in Poole Bay than in Shell Bay. On the upper foreshore of 
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Studland, the sediments were less well-sorted. The change in textural parameters was linked 

to the backshore. Sediment variations across the shore were due to wave movement across 
the foreshore and the type of material available. There was a decrease in grain size from the 

upper to the lower foreshore due to waves and wind. Sand was finer in the eastern end of 
Shell Bay. 

The sediment size classification results showed variability between the dunes, intertidal zone 
and LWM. Shell Bay sediment ranged from coarse to fine sands, with most sediment being 
fine sand, indicative of aeolian processes. All of the profiles had a large proportion of coarse 
sand, increasing towards Pilot's Point, and possibly indicating the sediment transport direction. 
Samples taken along the LWM had the greatest proportion of coarse sands. The greatest 
variability was along the LWM because of the variability of the tides. The Studland system 
predominately consisted of fine sands with coarser sand being found along the LWM, indicating 

a trend in the sediment transport types with sediment either being transported by aeolian or 

marine transport processes. South Beach had a higher percentage of coarse grain sizes with 

mean grain size increasing southwards also. 

5.3.4. Sampling 
Sampling of the offshore seabed was along tracks spaced much wider apart in the 1990s than 

in 2003. As a result of the kriging used to create contours, many of the changes in the seabed 

may be artefacts of the analysis, rather than of the data collection. Additionally, data is much 

more sensitive to change. Regular sampling is also required which will pick up smaller scale 

changes, and allow the data to be analysed in a more effective way. In the next chapter, 

sampling intervals are much smaller. 

Sampling intervals of BP profiles were taken in three sections: July 1991, May 1991 and 
October 1991. The sampling intervals of the current research's data were more regular and 
include monthly profiles over three years. The data signifies that spatial and temporal 

variability and response in a beach/nearshoreloffshore system cannot be objectively identified 

because of a lack of regular sampling. BP collected their data along shore-normal profiles 

which were perpendicular to the shoreline at spacing of 250 m apart, and on one sampling day 

in three different seasons. This was insufficient to accurately measure beach changes and 

record beach variability and response to adverse weather conditions, for example. With 
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irregular patterns of sampling, a baseline cannot be collated of normal beach morphodynamic 
signals. The sampling widths were too far apart to illustrated small-scale changes within the 
beach system. inaccurate pictures of processes operating were portrayed from the patterns 
given in the data. 

Timing of the samples may also be important. The results may show seasonal change in 
sediment patterns exacerbated by localised meteorological patterns such as wave energy, 
wave direction and wind direction and strength Seasonal differences occurred because 
surveys were taken at different times of the year which may account for small-scale differences 
in the sediment deposition or accretion. The 1990 and 1991 data were significant of seasonal 
types with May being considered to be spring change, July summer and October winter. The 
surveys were not taken at regular intervals so patterns of change may not be uniform trends. 
The 2001-2003 surveys showed all types of climate variability. 

The trend of climatic variability may tie in with the morphological changes of the profile but this 
cannot be proven because of a lack of data prior to and after the wind data were collected. 
Profile sampling was minimal so it was difficult to link meteorological variation with beach 

morphology. From October 2002 to October 2003, the trend varied significantly. The long-term 
data generally showed that seasonal variations of weather caused seasonal variations in the 
beach. However, there was insufficient evidence although a pattern of change was emerging. 
Winds and waves could explain the differences in beach morphology although the wave buoy 

was a substantial difference away from Studland. 

5.4. Summary 

This chapter has illustrated a temporal and spatial variation in sediment, both on the beach and 
on the seabed within the Studland system. Overall, the seabed morphology of 1990-2003 

showed little change. The greatest difference was due to the sampling strategy and the 
sampling strategy and spacing of survey tracks. The morphological variation was similar to that 

shown in the historic archive with most sediment occurring in the north and little sediment 
occurring in the south adjacent to the shore. The abundance of the sediment offshore in the 

north of Studland Bay reflected the sediment abundance on the beach in that area. However, it 
is not known how much sediment is exchanged between the two systems. 
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Spatial variation occurred due to the response of the beach and offshore systems to process. 
For example, Shell Bay was more influenced by tidal interaction than wave energy than 
Studiand Bay. Aeolian processes were also influential. Profiles adjacent to Pilot's Point were 
controlled by the Training Bank, longshore drift and greater potential for on-offshore sediment 
transport (Milkmaid Bank) contributed to by the presence of nearshore bars. The beach was 
wider. Thus, the beach width's interaction with higher wave energies and longshore drift 

resulted in variable beach widths. 

Studland Beach was affected by waves and winds of different directions to Shell Bay. This was 
because of different shoreline orientation and offshore sediment supply. Aeolian activity was 
greater in wider sections of intertidal zone. Shoreline orientation is such that prolonged periods 
of easterlies had a significant impact, causing severe drawdown, shore erosion and 
subsequent mass sediment removal with most damage occurring in the central and northern 
parts of Studland Beach. 

Knoll Beach and Middle Beach were affected by easterlies, wave refraction and narrow beach 

with low elevation. Offshore and backshore sediment was limited because of limited aeolian 
transport. Tidal incursion was important due to the narrow intertidal zone. Middle Beach was 
affected by wave refraction from Redend Point, limited offshore sediment, little development of 
nearshore bars and limited longshore drift. 

The southern end was narrower because of a lack of offshore sediment, lack of intertidal zone, 
dunes, and a higher percentage of shoreline defences. The intertidal zone along Studland 
Beach was mainly erosive. This zone underwent the most variability due to changes in the tidal 
levels. Geomorphic development was also varied in this zone due to berm growth, bar 

movement and variability of sediment movement. 
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Chapter Six. The Significance of Three-Dimensional Morphodynamics 

of Studland 

6.1. Introduction 

Profile and seabed data obtained from the 1990s have allowed progressive changes in the 

morphology of the Studland system to be documented. However, on their own, the 1990 

profiles do not tell us much. A significant understanding of the system can only be considered 
in relation to time spans of different duration. 

The aim of this chapter is to explore the contemporary morphology of the Studland system by 

analysing temporal morphological change. The system's morphology is demonstrated by the 

use of profile data represented by three-dimensional models and Fast Fourier analysis which is 

subsequently linked to local meteorological conditions (independent data, as Schumm and 
Lichty (1965) suggest). Within this chapter, the basic analysis of topography used in the two- 

dimensional profile becomes more sophisticated. Three-dimensional morphology is assessed 

using 2001-2003 profiles. 

PROFILE NUMBERS UNIT TYPE 
28 sBl 
28a, 28b, 30a SB2 
29,30,30b, 30c, 30d SB3 
35 S134 
36,36a, 37,37c, 38a STI 
37a, 37b, 38b, 39 ST2 
38 ST3 
40,40a, 41,41 a, 42,42a, 42b, 43,43a, 44,44a ST4 
45,45a, 45b, 46,47,47a, 47b ST5 
48,48a, 49,49a ST6 
50,50a, 51 si 
51 a, 52 S2 

Tabl@6.1. Prorile groups within the Studland system. SB is the prefix for unit types In Shell Bay. STIs 
the prefix for unit types in Studland Beach. S is the prefix for profiles in South Beach. 
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Figure 6.1. Map of profile units and morphological groups along the Studland system. 

Each beach section consists of a general description; time series analysis; and discussion of 

variable distribution. The profile data are presented for each of the three main beach systems. 
Time series results are initially reviewed visually and beach profiles with similar 
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geomorphological characteristics and patterns of temporal variation grouped. The main 

characteristics of these profile groups are summarised in Table 6.1 and Figure 6.1 and 
discussed here for each. 

The data are displayed using a three dimensional plot (Figure 6.2) and a spectral plot (Figure 
6.3). Below is an indication of the two types of output. The first output is a three-dimensional 
plot indicating the types of meteorological variables affecting the beach profile (Figure 6.2) and 
the second output is a spectral plot indicating the magnitude and frequency of profile variability 
(Figure 6.3). When there was an easterly wind, for example, there was increased erosion, 
lower pressure, higher tide height and increased wind speed, coinciding with changes in the 

wave height. This latter erosion cycle coincides with dune growth and seaward progradation of 
the intertidal zone and HWM from week 20, exemplified by the variation in Figure 6.2 

The red arrow signifies typical fair weather conditions pinpointing to typical accretional 

conditions as pinpointed by the position of the red arrow head. The red box indicates that 
during this window of time, fair weather conditions occur, such as high pressure and low wind 

speed. The red arrow is also linked to south-westerly wind directions. The blue arrow 
highlights erosion of the beach had occurred during this time with a dominance of easterly 

winds. During this time, atmospheric pressure was lower and tidal heights were higher, as the 

red box indicates. The horizontal axis of these parameters signifies time. The vertical axis of 

each signifies atmospheric pressure in millibars, tidal height in metres and wind speed in knots. 

Wave height can be read in the same way. 
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Figure 6.2. Morphological variability of Studiand Profile 28 and the influential meteorological parameters (tides, waves, pressure and winds) controlling profile behaviour. Wind data, atmospheric pressure and tidal elevation data originates from Poole Harbour 

Commissioners. Wave data originates from CCO. Wind roses were calculated using software developed by Physe. 
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Figure 6.3. The cyclic frequency of morphological change for Profile 28. The scale of the left hand 
column was a product of Matlab's calculations. The right hand column signifies the spectral intensity. 

0.25 signifies a higher magnitude of change than 0.05. 

6.2. Results 

6.2.1. Shell Bay 
On the basis of field observations, it is possible to develop a conceptual model for the beach 

system. In this model, profile variation is a function of time. Profiles vary towards the centre of 
the beach where the more substantial landforms occur indicating morphological stability is 

greatest here. 

Shell Bay is split into three distinct zones: dunes, intertidal and LWM which is reflected in the 

morphological model. The backshore is dominated by dunes, the foreshore is dominated by a 

berm and seasonal drainage channels, and the nearshore is dominated by changes in the 

LWM position. Shell Bay differs from Studland in that it is defined by estuarine and aeolian 

processes within Poole Harbour and not prevailing refracted south-westerly waves. The wider 

section (in the centre of the beach) has a well-developed morphological structure in contrast to 
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the narrower and poorly-developed eastern and western ends. Dune erosion and undercutting 
is more frequent as a result. Drainage channels define seasonal beach morphology variation 
due to ponding, causing winter planation of the intertidal zone. They are ephemeral features, 

largely forming in winter when the drainage waters were much higher. This is exemplified in 

Figure 6.4. Here, berm development controls the position of the dammed up water. Tidal 

stage and local meteorological conditions are important. As the drainage channel tries to reach 

equilibrium, it creates substantial beach instability as it meanders across the beach. 

Morphological model for Shell Bay 

Drainage 

Well-developed Dunes/cliffisea channels 

dunes defences 

Dune stabi ation Shell pavement/ Dune erosion 
Blowouts cleflation 

Embryo une development Fluvial Ferry Beach 
ir terminu importance 

Intertidal berms 

Runnels Poorly developed 
dunes, berms, bars Swales 

and lwm Absence of: Neap bar Nearshore bars Nearshore 
Training Bank Swash bars 

P 1ý __ : Ridge and runnels 

! rje ar Embayments 

Figure 6.4. Morphological model for Shell Say. Important parameters were highlighted here such as 
fluvial control, drainage channels, dunes, sediment movement from Pilot's Point and lack of offshore 

sediment. The beach was poorly developed adjacent to the ferry 

Four distinct profile units have been identified along the beach and reviewed here which are 

representative of profile characteristics. 

Type SB-1 [Profile 28] 

Profile 28 is a unique profile i. e. its morphology is not similar to other profiles (Table 6.1 and 

Figure 6.5). The main geomorphological characteristics of this 65 m long profile are an 

interticlal asymmetrical berm characterised by steps, depressions and bar-like accumulations. 
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A swalelerosion hollow separates the intertidal ridge (10 to 55 m) from the dunes (Figure 6.5). 

Its morphology is consistent with scour processes at the dune foot, controlled by high tides or 

storm overwash. 

The temporal signature is dominated by two main event types (Figure 6.5). Firstly, erosional 
events in the intertidal zone flatten the beach, causing planation and moving the breakpoint bar 

onshore, scouring the intertidal zone between 3 and 10, and 45 to 53 weeks, close to the LWM. 

This latter erosion cycle coincides with dune growth and seaward progradation of the intertidal 

zone and HWM from week 20, exemplified by the variation in Figure 6.6. 

Landward of the dunes at 25 weeks, there is some back-cutting caused by winds and storms 
from Poole Harbour. High pressure coincides with lower wave energy causing more accretion 

and seaward progradation, particularly between weeks 45 to 53. Sediment transfer occurs 
between the intertidal and the LWM (the lowest stage of the tide along the strandline). Figure 

6.5 suggests a similar pattern of recession/accretion associated with seasonal change. 
However, there is more variability within the dunes than during weekly change. Figure 6.6 

suggests profile variation occurs on a mainly annual and biannual frequency. A less dominant 

six week cycle of change occurs particularly landward of the HWM. 

During the period of the survey, wave height was relatively high with south-westerly winds. 
During this time, low wind speeds coincided with rising tidal stage and low atmospheric 

pressure. Easterly winds coincided with high wave heights, high winds, a low tidal elevation 

and a rapid drop in atmospheric pressure. 

217 



218 

Figure 6.5. Morphological variability or wuatano rrunie CU WOU LIIV 



Figure 6.6. The cyclic frequency of morphological change for Proffle 28. 

Type SB-2 [profiles 28a, 28b and 30a] 

Profile 28a is approximately 60 m long with an intertidal zone between 20 and 45 metres 
(Figures 6.7 and 6.8). The main geomorphological characteristics are a broad asymmetrical 

ridge with a long gentle landward face and a steep, short seaward face with a series of bars. 

These were similar in appearance to Wijnberg's (2002) model of berms which have undergone 
bench i ng/planation. The bar-like accumulations are associated with overwash. Overflow from 

the drainage channel, which causes seasonal profile variations, is responsible for cutting a 

rapidly migrating stream system within this part of the beach. A pool forms in winter, causing 

planation of the intertidal zone. The ridge, seaward of the drainage pond, is formed by 

landward migration of swash bars from the LWM (Figure 6.8C). The LWM is associated with 

characteristic terrace and swale features. The depression's height and width between the 

berm and the dunes varies due to erosion at the dune foot (formed by wind scour and 

overwash from the lagoon/drainage channel). Figure 6.7 illustrates that monthly variation 

displays a similar pattern of change to the weekly data, but with more variability within the 

LWM. LWM recession was followed by rapid accretion within the monthly data. 

I 

There are two temporal signatures occurring within this profile. Bar migration occurs in 

219 



summer developing the intertidal bar system. Most are destroyed in winter, This is linked to 

easterly wind activity and onshore seasonal accretion, particularly in summer. Accretion occurs 

with low pressure, low wave energy systems and south-westerlies (Figure 6.8). Seasonal 

vadation was important, particularly to the dune zone. 

The intertidal zone and low tide terrace operate on a six month to monthly cycle with landward 

bar migration operating during the summer. The annual signature is less dominant (Figure 

6.7). Easterly winds coincided with beach erosion. During this time, wave heights were high, 

Yvind speed was high, and there were high tides and low atmospheric pressure. During the 

pehod of south-westerly winds, wave heights fell, wind speed remained constant, tide heights 

dropped and atmospheric pressure rose. 
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Figure 6.7. Time series analysis plot for Profile 28a illustration of cyclic frequency of morphological 

change. 
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Type SB-3 [profiles 29 to 30d, excluding 30a] 
Profile 30b is approximately 70 rn long with an intertidal zone between 25 m and 50 m (Figure 
6-9). The geomorphology consists of an asymmetrical berm beneath a series of swash bars 
20-30 cm high within the intertidal zone. The monthly data illustrate the significance of 
seasonal change within the intertidal/LWM controlled by ponding within this profile as the water 
builds up. On the midway point of the berm is a small neap berm with a shore-parallel 
odentation. This is 40 cm high, occurring intermittently during neap tides. The profile has a 
wide high tide terrace consisting of a berm/storm bar which migrates landward (an older 
episode of formation). The dunes have been undercut with some debris fall. The depression 
between the dunes and HWM is exacerbated by wind. The LWM is dominated by a series of 
steps and swash bars. These are scoured by the interaction of fluvial and marine action and 
sediment reworking. 

The local meteorological variables show an easterly wind coincided with high wave heights, a 
law wind speed, low tidal heights and low pressure. Beach recovery coincides with south- 
westerly winds, rising wave heights, a drop in atmospheric pressure and higher tidal elevation. 
The temporal signature is dominated by four main events (Figure 6.10). Firstly, the hummocks 

on top of a small ridge undergo a seasonal phase of erosion at 25 m, and biannual variation at 
20 m. The LWM undergoes significant erosion on a bimonthly to seasonal basis. Shoreline 

progradation occurs along the HWM between 20 and 53 weeks due to seasonal variation of the 

meteorological conditions, especially wind direction. The erosion prior to this is indicative of 
fluvial action from the drainage channel. This had a higher discharge associated with winter 
conditions which occasionally over-spills and encroaches onto this profile. Tidal controls (tidal 

stage variation) and aeolian processes are responsible for this morphology. The intertidal zone 
is controlled by annual and biannual events (Figures 6.9 and 6.10). 
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The importance of the hollow between the intertidal zone and the dunes is crucial. Acting as a 

wind tunnel, scour occurs from the channelling of wind energy within this area. Fundamental to 

this topography are seasonal inputs from the drainage channel, altering the system's stability 
through the winter period. 

Type SB-4 [Profile 35] 

Profile 35 is approximately 100 m long with an intertidal zone situated between 0 and 40 m 

(Figure 6.11). This is characterised by an asymmetrical berm composed of a series of small 

hummocks and ridges, representative of cut and fill phases at the HWM. The small hummocks 

are interpreted as a series of aeolian bars, swash bars, and debris from fluvial overwash. The 

low tide zone is consistent with a breakpoint step with secondary swash bars. The high tide 

terrace is dominated by small bars resulting from a combination of aeolian activity, overwash 

flow deposits from storms and fluvial activity, and change in wave refraction patterns around 

Shell Bay, Figure 6.11 suggests similar variation throughout the sampling years with prominent 

swash bar development within the intertidal zone. 
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Beach morphological changes are influenced by the local meteorological conditions. Figure 
6.11 illustrates that westerly winds coincide with higher wave heights, a rising wind speed, 
rising tidal elevations and falling pressure. In contrast, north-easterly winds coincide with 
beach profile erosion and variable wave heights, rising wind speeds, falling tidal elevations and 
low pressure. 

Substantial erosion occurs along the HWM between 20 and 25 weeks, creating a shallow 
depression, as in Profile 30B. During this time, there is also dune undercutting with overwash 
causing basal erosion of the dune toe. Landward growth occurs subsequently, possibly from 
debris being deposited. The beach is dominated by a berm fronted by a neap tide terrace 
vAthin the intertidal zone. There are several phases of change over different timescales along 
the LWM. During substantial periods of low pressure (weeks 0-22), there is a slow erosional 
Period, followed by seaward growth during calm conditions. Subsequently, more erosion 
Occurs whereby the profile becomes stripped, forming a swash bar within the nearshore zone. 
Erosion is influenced by overwash and swash bar growth. 

Profile 35 operates on an annual to bimonthly basis (Figure 6.12). The highest magnitude of 
change occurs adjacent to the HWM (45 m), and within the intertidal zone at 10-15 metres. 
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Figure 6.12. Time series analysis plot for Profile 35 illustration of cyclic frequency of morphological 
change. 

6.2-1.1. Summary of Group Types Along Shell Bay 
The results show that the beach operates on an annual to monthly variation. The highest 

magnitude activity during these timescales predominately operates within the dunes and along 
the HWM. Profile 28 shows seasonal planation of profiles. Profile 28 is the most unstable. 
Other profiles show subtle change linked to seasons. Dominant features of the beach include 

bars and seasonal phases of bar movement. All profiles exhibit seasonal trends of high 

magnitude. There is evidence of destruction of berms and bars in winter and storms cause 

planation of the beach. 

Spatial pattern is similar in the centre of the beach but differs on the distal edges. Profiles are 

alike in the centre of the beach because of similar beach widths, therefore intertidal zones are 

similar and hence greater stability. The beach has a longer response time and processes are 

allowed to operate without being interrupted. For example, with a wider intertidal zone, drying 

out is more prolonged than in narrower sections of the beach, leaving more time for aeolian 

Processes to operate. Profiles differ at the boundaries because of narrower beach widths, 
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lower profile elevation, less sediment abundance, greater submergence times and a narrow 
intertidal zone with spatial displacement of both the HWM and the LWM. There is less 

morphologic stability in the profile outline and lower stability of features because tidal incursion 

occurs higher up the beach. The occurrence of drainage channels in winter creates beach 
instability through undercutting, meandering and downcutting and saturation of beach surface. 
It is possible that drift is important in inducing erosion or accretion at each end of the beach. 
The shore-parallel wind directions possibly induce this drift. Sediment size analysis in the 
previous chapter also points to the direction of longshore drift. South-easterly or easterly wave 
approach may be important to accretion of Profile 28 but this would need further research as it 
is purely speculative. The data certainly suggest this is the case. 

Within this beach there are five types of profiles (Figure 6.13). Type SB1 forms the narrowest 
section of Shell Bay. It is close to the rip-rap of the ferry terminus resulting in profile scour, 
drawdown and poorly-developed profile morphology due to wave reflection at the toe and 
Causes some sediment to be deposited offshore. Seawalls also lower profiles and decrease 
their width. Consequently, the morphological variability is poorly-developed. The dunes 
undergo basal undercutting because of a narrow beach, initiating wave attack and marine 
erosion of the dunes. The berm is characterised by steps, depressions and bar-like 

accumulations are interpreted as swash bars associated with neap and spring tide variation. 
Drift by easterly winds causes build up of the beach, which is in complete contrast to the 
processes occurring at Studland Beach during easterly winds. Sediment is pushed onto the 
beach and aeolian processes predominate, causing build up of the beach and redistribution of 
sediment. 

Type S132 is significantly altered by the seasonal variability in the drainage channel and by 

ponding, which is controlled by berm development (Figure 6.14). Ponding undercuts the dunes 

and the high tide terrace, but is controlled by the location and height of the intertidal berm. 

Figure 6.15 demonstrates the extent of the drainage and the berm acting as a dam. 
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Figure 6.13. Spatial variability of profile types in Shell Bay. 
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Figure 6.14. Model to show how a berm dams up drainage channel waters. The berm was well developed 
and higher than the runnel between the berm and the high tide terrace of the backshOre- The dunes were 

undercut as the drainage channel meanders across the beach. 

This Unit consists of a wide profile with well-developed, slightly vegetated dunes backing the 

beach. Here, the dunes have not been basally undercut. 

Type S133 is a wide dune-backed profile undergoing distinct phases of erosion with a large 

quantity of bare sand and the development of dune face blowouts. The profile unit consists of 

a wide berm and several phases of cut and fill and swash bar development. This profile group 

was different from S132 because it was not as affected by a drainage channel. 

Type SB4 is different from other units because it is affected by the position of the Training 

Bank, a mix of estuarine dominated conditions and wave conditions of Studland Bay. This 

profile unit is dominated by processes controlling both Studland Beach and Shell Bay. 

Washover and high dunes at the back of the beach profile are also influential. This profile is 

dominated by a blowout. 
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Figure 6.15. Drainage channels at Shell Bay. The top photograph shows the drainage channel of Saltings 

Strip which is near to Pilot's Point. The middle photograph shows the drainage channel of Now Cut which 

is adjacent to the ferry. The bottom photograph shows the backwater behind an intertidal berm. 
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6.2.2. Studland Beach 
It is possible to develop a conceptual model for Studland Beach. The model (Figure 6.16) 

illustrates that there are three distinct zones whose definition alters with distance southward. 

Studland Beach is a wide sandy dune-backed beach in the north and narrows in the south 

(Studland-Knoll and Studland-Middle). Studland consists of a series of shore-parallel dune 

ridges which undergo varying rates of stability controlled by beach width. The beach is 

dominated by a well-developed berm sporadically intersected by drainage conduits 

perpendicular to the shore. Nearshore bars control the LWM along the northern section of the 

beach which become less well-developed with distance southwards. There are six profile types 

along Studland Beach (ST1 to ST6; Table 6.1 and Figure 6.31). 

Morphological model for north Studland Beach 
Central 
dunes: 
Avalanching 

Addition of new Dunes Dune stabilisation 
sediment Blowouts 
Loose sediment Embryo dune development 
removed by winds 

Presence of Intertidal berms 

aprons in dune Runnels 
front Beach Swales 

Neap bars 

Drainage channels 

Nearshore bars 

Nongshore Nearshore Swash bars 
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Ridge and runnels 
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Figure 6.16. Morphological model for north Studland Beach. This site is controlled by nearshore bars, 

dunes and excess sediment availability. Along-shore and onshore sediment transport is influential. 
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Figure 6.17. Morphological model for south Studland Beach. This site is controlled by nearshore 
sediment and dunes. Cliffs and sea defences are also important, particularly where there is a lack of 

nearshore sediment. 

Type ST-1 [profiles 36,37c & 38a] 
These profiles are approximately 120 m long with an intertidal zone situated between 0 and 55 

m (Figures 6.18 and 6.20). The low water terrace is altered by cut and fill. The low amplitude 
bars (20 cm high) are interpreted as swash bars/intertidal bars, modified by swash processes 

and currents induced by the filling and emptying of trough features on the changing tide. 

Swash processes and currents push sediment to the swash line and occurs as the backwash 

creates trough features which are scoured seaward of these steps. Troughs are 5-15 cm deep. 

This may explain the development and subsequent absence of these step features within the 

profile data. During appropriate conditions, the ridge becomes stranded at the HWM forming a 
berm. 

The intertidal zone is dominated by a berm and swash bars 30 to 40 cm high, located along the 

HWM. The berm consists of a longer, well-defined landward facing slip-face ridge, essentially 

an intertidal bar or swash bar. Neap berms form along the lower HWM (the strandline). During 
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fair-weather conditions, low energy waves do not overtop the berm, creating these small 

accumulations of sediment along the high tide swash line. With higher tides (springs, for 

example), this sediment gets swept on to the original berm. 

Fiýgure 6.20C is dominated by three main events. First, the erosional events, close to LWM, 

flatten the beach and effectively move the breakpoint bar shoreward by the order of 10 to 15 m. 
These are 20-30 cm high, formed by the impact of breaking waves, subsequently scouring 
beneath the surf as they break. Excavation creates bars from surface sediment. The tidal 

state and the point of waves breaking determine their location. A good example occurs around 

weeks 45 and 46 and beach recovery occurs rapidly between weeks 48 and 49. Figure 6.19 

depicts this bar movement. 

02 

U, 

0 
0 

2., Q 

LL 

0 

-50 -45 -40 -35-30 -25 -20 -15 -10 -5 05 10 15 20 25 30 35 40 45 50 55 

Distance Along Profile Line (m) 

6.18. Time series analysis plot for Profile 36 illustration of cyclic 

0.15 

1 

005 

of morphological 
change. 

Figure 6.19 illustrates a series of bars on the seaward face of the profile between 20 and 55 m 

Chainage in February. The profile is changing shape as the bars move up and down the beach. 

Over time the seaward face becomes steeper so that at the end of this time series, there is an 

extremely steep but highly elevated profile. 
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Erosion is matched by a depositional episode in the same section of the beach between weeks 
8 and 12. During this period, the low tide step progrades seaward due to a bar attaching to the 
low water terrace. North-easterly winds coinciding with a period of high wind speeds, low tidal 

elevation and low atmospheric pressure control erosion. The wave heights have peaked during 

this time. 

The second signature type is associated with the regular increase in the high water berm's 
height. This periodically extends seaward by 2 to 3m over periods of 3 to 4 weeks. Seaward 

extension is linked to the third type of temporal variation present (swash bar formation on the 
berm's seaward face). The swash bars appear intermittently and in some, but not all cases, 

were followed by seaward berm migration, perhaps associated with the shoreward migration 

and bar welding to its seaward face (Figure 6.19). 

The monthly data suggests seasonal variability with cycles of seaward intertidal progradation. 
The temporal variation of events is particularly important within the intertidal zone, which 

operates on a dominant annual cycle (Figure 6.18). There is also a biannual to bimonthly 

frequency. Landward of the HWM, the beach operates within an annual signature, although 
there is a strong bimonthly variation. The wave climate for August and September coincides 

with recovery and erosional periods. At the end of August, and during the first and third week 

of September, higher wave heights coincide with erosion/recession. 
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Figure 6.20. Morphological variability of Studland profile 36 and the influential meteorological parameters (tides, waves, pressure and winds) controlling profile behaviour. 
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Type ST-2 [profiles 37a to 391 
These profiles consist of a wide asymmetrical ridge with a steep seaward slope (a typical berm 
feature). The high tide terrace separates the dunes from the more prominent intertidal berm. 
Swash bars are integral to the low tide terrace with drainage channels running between them. 
At low fide, each swash bar was exposed as a shore-parallel ridge. This is a tabular sand body 
developing on the low tide terrace during periods when the beach is in a constructional phase. 
Swash bars have a steep landward oriented slip face on their landward side fronted by a 
bwgh. 

Close to the LWM, increased swash bar movement occurs. The low tide terrace consists of 
several phases of ridge formation (30-35 cm high) along the LWM. These are fronted on their 

seaward side by cut and fill, and bars (20 cm high). LWM ridge formation occurs between 0-15 

weeks, 18-37 weeks, and 45-52 weeks, coinciding with increased swash bar movement. The 
landward boundary undergoes modification differing significantly to the seaward boundary. 
The intertidal zone ridge migrates and recedes substantially around the HWM during 15-22 

weeks, 27-37 weeks (from 26-18 m), 37-42 weeks, and 50 weeks, associated with seaward 
beach growth and increased elevation. The largest relative recovery occurs between 45 and 
50 weeks. The seaward boundary of the HWM accretes during weeks 18-27, and 40-50 as a 
result of sediment accretion from the dunes encroaching onto the high tide terrace at the dune 

toe. This occurs seasonally. Annual change shows a similar pattern but at a much smaller 
resoluUon (Figure 6.21). More variation is observed in each of the zones in response to climate 
and storms for year one. Changes were more severe, and of a higher magnitude (Figure 
6.228). 

Figure 6.22 defines the importance of meteorology in erosion and recovery periods. Erosion 

was signified by a period of north-easterlies, coinciding with variable wave heights, high wind 
speed, high tidal elevations and low atmospheric pressure. Recovery coincides with westerlies 

and south-westerlies and the beach often displays a prominent berm (0-30 m), modified by 

overwashing during high springs or storms. The intedidal zone undergoes annual to bimonthly 

frequency variation, with most change occurring seasonally. Seasonal and bimonthly 

variations dominate the low tide terrace (Figure 6.21). A storm bar forms offshore during bad 

weather after creating a flat profile. During severe events, the dune face is eroded to form a 

scarp (Figure 6.22). 
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Frequency of Morphological Changes - Line 37 
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Figure 6.21. Time series analVSiS DlOt for Profile 37 illustration of cyclic frequency of morphological 
change. 
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Figure 6.22. Morphological variability of Studland profile 37 and the influential meteorological parameters (tides, waves, pressure and winds) controlling profile behaviour. 
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Type ST-3 [Profile 38] 
Profile 38 is approximately 90 m long consisting of a broad asymmetrical beach terrace located 

close to HWM backed by a wide dune zone between -35 and -10 m. Steep-sided dunes form a 
distinct ridge (Figure 6.23C). The intertidal zone consists of an asymmetric berm with a 

steeper seaward face. Here, swash bars coincide with neap tides. A wide low tide terrace 

occurs along the LWM. The berm (idge width varies according to the three erosional episodes 
and two recovery phases. The berm's landward boundary is ill-defined because of spill-over 
from high energy storm waves, smoothing the sediment interface. This is evident in the 

planform of this profile section, accounting for width and height variation between the berm and 
the dune toe (Figure 6.23). In winter, this morphology is continuous whereas in summer, 
accretion will build up the ridge. The low tidal terrace is altered by cut and fill, and swash bars. 
Beach variability occurs biannually (equinoxial spring tide frequency) whereby the highest tides 

and storms create higher water levels (Figure 6.24). Beach recovery, low wave heights, low 

wind speed, rising tidal elevation and rising atmospheric pressure coincide with westerly winds 
(Figure 6.23). 

The weekly data exhibit a similar trend to the annual data. However, elevation and the spatial 

extent of each zone is more variable (Figure 6.23B). The intertidal zone undergoes a cycle of 

morphological variation with several erosion and recovery phases. Temporal variation is 

related to tidal stage and local meteorological conditions. Erosion occurs between weeks 0-5, 

8-24, and 28-53 causing beach stripping. Recovery was short-lived, occurring between erosion 

stages and is linked to change in local meteorological conditions. Most profile variability occurs 
between the HWM and the LWM (Figure 6.24). Annual frequency is dominant within all three 

zones. Frequency of change vades from annual to seasonal in the high tide terrace, monthly to 

annual basis in the intertidal zone and annual to monthly in the low tide terrace. Most change 

within the intertidal zone occurs on the seasonal cycles whereas most change in the low tide 

terrace occurs every six months. 
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6.24. Time series analysis plot for Profile 38 illustration of cyclic frequency of morphological 
change. 

Type ST-4 [profiles 40 to 44a] 

These profiles are defined by a seaward sloping berm with no backshore and a set of dunes 

circa 4m high (Figure 6.25). The intertidal berm is lower in elevation than the HWM and 

consists of small swash bars (15-20 cm) at constant heights, similar to those of group ST1. 

The intertidal zone is more distinguishable from the deflation hollow between it and the dunes 

and aggravated by aeolian processes and occasional overwashing. This depression is 

narrower than the overwash swales, and is interrupted by substantial sediment accretion from 

dune face erosion by undercutting and mass movement. These processes produce remnants 

or dune clumps representing dune-beach feeding. Debris consisting of sand and roots form a 

shadow zone where sediment is added on the more sheltered lee slope. This connects the 

dune toe to the sediment clump to form an incipient embryo dune or echo dune. 

The earliest evidence of storms occurs in weeks 18-25. This change is substantial causing a 

long recovery period. The high tide terrace shows evidence of this variability and consists of an 

asymmetrical ridge with a steep seaward face between 0 and 10 m, and a depression found 
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between the dunes and this ridge. Between 24 and 33 weeks, there is major sediment 
accretion temporarily bridging the dunes and inteftidal zone. The first recovery phase on the 
landward boundary occurs 7 weeks after erosion. The second erosion phase occurs between 
26-33 weeks. In contrast, the seaward boundary had undergone three phases of erosion: 
between 9 and 18 weeks; 18 to 24 weeks where most of the beach is stripped away; and 42 to 
45 weeks. These are followed by rapid recovery phases. 

The LWM variability reflects erosion of the intertidal zone, bar formation (20-30 cm high), steps 
with scarp faces (20 cm) high and shore-normal conduits. The low tide terrace is dominated by 
tidally related cut and fill whereby on a high tide the sediment is moved into a hummock and on 
a falling tide is scoured and removed to be deposited subtidally. Swash bars migrate up the 
beach to coalesce with the berm. Seawards of the swash bars are plunge points exacerbated 
by wave scour. The shore-normal drainage conduits used by storm activity result in substantial 
beach lowering for a time. The intertidal zone is more susceptible to erosion than the high tide 
terrace. The recovery, initially, is rapid followed by recession to its mean position. 

Most high magnitude activity occurs along the LWIVI on an annual to monthly cycle (Figure 
6.26). The intertidal zone varies on an annual to bimonthly cycle but not on a lower frequency. 
Changes in the dunes occur on a seasonal basis. Figure 6.25 illustrated that beach recovery is 

initiated by failing wave heights, stable wind speeds, high tidal elevation and rising atmospheric 
pressure. Erosion is linked to easterly winds, rising wind speeds, rising tidal elevations and 
failing pressure. 
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Frequency of Morphological Changes - Line 40 
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Figure 6.26. Time series analysis plot for Profile 40 illustration of cyclic frequency of morphological 
change. 

Type ST-5 [profile 45 to 47b] 

These profiles consist of a narrow asymmetrical terrace located close to the HWM, and a low 

fidal terrace (Figure 6.27). The intertidal zone is characterised by a series of neap bars. These 

features are approximately 20 cm high and are controlled by cut and fill occurring along the 

HWM. 

Erosion and recovery control beach width. Landward of the HWM is a steep seaward facing 

SIDPe dissected by cut and fill. The boundary is ill-defined because of storm washover. The 

Profile's elevation differs between the first and second half of the year. Initially (0-20 weeks), 

0* beach elevation is 0 m. This is followed by a scour hollow resulting from cut and fill 

between 35 and 40 m for 5 weeks (between week 20 and week 25). Subsequently, the 

elevation increases by 0.5 m with some sediment accumulating because of overwash and neap 
bar formation (Figure 6.28). 
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Between weeks 9 and 13, substantial erosion causes the seaward face to retreat by 

approximately 8 metres, and to become lower in elevation. Subsequent recovery and rapid 
seaward progradation of the seaward boundary occurs seasonally and biannually. This is fed 
by a swash bar formed from sediment deposited offshore during erosion and another phase of 
rapid retreat as the zone tries to regain its mean position. 

The HWM slope's gradient varies temporally with seaward progradation of a flat terrace feature 

(between 0 and 3 m) between 0 and 12 weeks and 18 to 27 weeks, Between 12 and 18 

weeks, the profile height falls. There are also isolated pockets of bars forming (similar to 

Profile 40) between weeks 4-8 and weeks 18-24. The LWM is altered by cut and fill as in 

Profile 40, preceding the initial stages of a seepage step (Figure 6.28). 
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Figure 6 28. Time series analvsis Dlot for Profile 45 illustration of cyclic frequency of morphological 
change. 

Fiýgure 6.28 demonstrates the intertidal zone undergoes the highest magnitude of change, 

greatest at a seasonal level. Variation occurs on an annual to bimonthly basis linked to local 

meteorological conditions (Figure 6.27). The LWM undergoes changes on an annual to 

monthly frequency. The HWM undergoes the highest magnitude of change at the dune foot 
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where sediment clumps are present on a seasonal frequency. Most changes here occur on an 
annual to bimonthly change. Erosion occurs in conjunction with eastedies and low pressure 
(Figure 6.27). North-westerly winds coincide with periods of erosion. During this time, there 
are also higher wave heights, rising wind speed, rising tidal elevations and falling atmospheric 
pressure. 

Type ST-6 [profile 48 to 49a] 
These profiles consist of an intertidal zone between 10 and 40 metres (Figure 6.29). This is 

composed of a steep-faced berm altered by cut and fill. Landward of the HWM is a narrow 
zone composed of a series of sporadically occurring small bars (20-30 cm high) and ridges 
(60cm high). At 5m distance, these features are dominant between 10 and 20 weeks and 40 

to 53 weeks. The ridge is associated with a small channel within this section. The LWM is 
dominated by a low tide terrace and is substantially altered by cut and fill. There are also 

seepage-steps along the LWM and within the intertidal zone. Some of the steps along the 
LWM are due to cut and fill and others were seaweed steps. The intertidal zone consists of two 

erosional phases causing recession of its boundary, and two recovery phases. Erosion is 

related to north-easterly winds and occurs between 10 and 15 weeks, and 18 and 23 weeks, 

and is followed by recovery (Figure 6.30). 

Initial recovery is short (2/3 weeks) and the longest is from 23 to 30 weeks, coinciding with local 

meteorological changes. Profile 48 is more susceptible to seasonal change. Winter berm 

erosion occurs along the HWM and LWM, with the dunes being susceptible to undercutting. In 

summer, there is substantial recovery and sediment accretion with seaward growth of these 
features, including increased elevation. 

Bars form around the intertidal boundary, affected by the stream output and beach-dune 

feeding. The ridge (occurring between 27 and 53 weeks) and hollows developed within this 

profile at 10 rn for several reasons: removal of gabion baskets provides loose sediment, aiding 

seepage-step development; summer onshore sediment berm construction; or by waves 

rebounding off the sea defences. 
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Most variability occurs within the intertidal zone with the greatest magnitude of change at 23 rn 
(Figure 6.30). Activity occurs on an annual to bimonthly basis with highest magnitude changes 

occurring on an annual and biannual occurrence. The low tide terrace undergoes relatively low 

magnitude changes on an annual to seasonal frequency, and the high tide terrace has an 

annual to bimonthly frequency. Erosion coincides with north-easterly winds, high wave heights, 

rising wind speed, high tidal elevations and low pressure. 

Fre uency of Morphological Changes - Line 48 

static 
52 9 
264 0.18 
17 (-: ) 132 

1 

10 G 0.16 
8 
7 
66 0.14 
59 
5,3 
4.8 0.12 
4.4 

3.8 
3 5 

0.1 
. 3-3 

3.1 
2.9 0.08 
2.8 
2.6 0 06 2.5 . 
2.4 
2.3 0 04 2.2 . 
Z1 
2.0 0 02 2.0 . 
1.9 
1.8 

0 5 10 15 20 25 30 35 40 45 50 
Distance Along Profile Line (m) 

Figure 6.30. Time series analysis plot for Profile 48 illustration of cyclic frequency of morphological 
change. 

6.2.2.1. Summary of Group Types Along Studland Beach 
The most striking feature is spatial consistency, i. e. profiles in Middle Beach (ST6); Knoll Beach 

(ST5) and Eastern Lake (ST4) which are all in the southern end of the system have similar 

profile heights and widths and morphological variability. However, the north is variable, 

especially the northern 0.6 km, and likely to be less predictable. Most activity occurs on an 

annual to monthly cycle of frequency in the north. Dominant zones of activity vary with most 

activity in the HWM and the LWM in Profile 36, for 37, most activity is in the dunes and the 

LWM, all the profiles from 38 to the end of Studland Beach within the intertidal zone. 
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The spatial pattern is determined by beach width, longshore currents, sediment availability and 
profile morphology. The variability in the north of Studland is due to more processes operating 
for longer durations. For example, on a wider intertidal zone, where dune processes are 
important, aeolian processes have longer to operate and over a much greater width. Above the 
HWM, the beach is dry for most of the year. Coupled with tidal and wave processes, sediment 
transport reaches its peak here, with most sediment being deposited in the northern section via 
longshore and aeolian processes. In the south, many of the profiles are narrower so the beach 
is submerged for a much longer duration, leaving less time for aeolian processes to occur. 

Figure 6.31 shows the variability of each profile group along Studland Beach. Type STI is 

characterised by a wide beach profile, substantial intertidal zone, high dunes and increased 
beach morphological development characterised by cut and fill. Swash bars and swash 
processes are influential. Berm development is strong and influenced by seasonal profile 
variation. A succession of neap berms coincides with shoreward movement of a breakpoint 
bar. Beach recovery following erosion is rapid here, but largely confined to the LWM. This 

implies sediment is deposited slightly offshore and returned rapidly onshore under swell 

conditions, reflecting the offshore zone's storage capacity. If this is relatively full due to 

offshore bars and sand sheets, additional sediment would bring these sediment bodies into 

contact with the wave base in swell conditions causing onshore migration. If the offshore 

storage is less full, the return rate may be more prolonged. 

Type ST2 is characterised by a wide intertidal zone backed by lower elevation dunes. Beach- 

dune feeding signifies sediment exchange along the HWM. Additionally, there is a well- 
developed low tidal terrace consisting of swash bars which migrate shorewards to from a berm. 

There are also erosion hollows due to overwash and steps. 

Type ST3 (Profile 38) is a unique profile unit. It consists of a wide intertidal zone with neap tide 

swash bars. The defining characteristics are the distribution of drainage channels within the 

backshore plain and shore-normal exit points dissecting the intertidal berm. The spacing of 

channels cut into beach ridges is a function of wave height, the shape of the beach ridge and 

the varying size of the swash salients across the foreshore. 
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Figure 6.31. Spatial variability of profile groups in Studland Beach. 

Within ST3, these channels are permanent and maintained by aeolian processes and summer 
deflation. After rebuilding, a state of quasi-equilibrium exists for some time with sediment 

remaining constant. There is often no topographical variability during recovery. Berms develop 
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as a result of swash bar migration. As swash passes over a bar, it transports sediment from 
the seaward slope of the ridge across a flat ridge top and deposits its sediment at the base of 
the ridge slip face. 

Johnson (1919) and Carter (1986) suggested beach ridges were formed either by the 
development and emergence of a nearshore bar or by proximal to distal accretion from an 
exisfing ridge nucleus. Alternatively, nearshore bedforms feed the intertidal beach ridges by 
sediment transport through the surf and swash zones. During higher wave conditions, swash 
frequently overtops the berm crest causing ponding between the berm and the dunes, while the 
return flow scours shallow troughs. If overwash cannot return over the bar, it becomes trapped, 
forcing it to travel by drainage channels developing through a ridge slip-face (Figure 6.32). 
Water transporting sediment over the bar is collected in swales and returned to sea by 
channels cut through the bar. 

Drainage water often undercuts the dunes landward of the runnel (Figure 6.32). Tidal 
processes are responsible for these features, especially during high spring tides, although 
storm washover, which is nominal, is also responsible for their morphology. Additionally, dunes 
show evidence of dune-beach feeding, defined by sediment accretion along the HWM. This 
process follows an erosional phase and significant basal undercutting of the dune toe. Toe 

erosion undercuts the dunes causing avalanche slopes and basal debris falls, leaving basal 

pediment style features and sediment fans. The shoreward face of the berm is also altered. 

The berm is ill-defined within this profile with overwash channels perpendicular to the shore 
and occasional erosion of the dune toe. Sand eroded from berms is transported to the 
backbeach by sheet wash and is deposited at the base of the dunes. High vegetated dunes 

can preclude the impact of washovers and divert washover into conduits that become 

reoccupied every time there is a storm. This is what is occurring within this profile. As in other 
units, these features may form as a result of storm waves eroding scarps into the backbeach. 
However, these are temporary features obliterated by seasonal beach changes. 

Type ST4 is a seaward sloping profile undergoing dune erosion phases, beach feeding and 

cycles of cut and fill associated with spring and neap tidal cycles. ST5 is narrow and consists 
of a low and high water terrace. Neap bars are prevalent and controlled by cut and fill. The 

dunes are low in elevation and stable. 
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Figure 6.32. Examples of drainage channels. The top photograph illustrates the extent of this drainage 

channel. Middle illustrates the amount of beach, berm and embryo dune destruction as a result of 

overwash. The bottom photograph illustrates ripples which indicate transport direction. 

255 



Type ST6 is narrow with poor berm and dune development. Seepage steps occur protecting 
the backshore when they are extensive. This Unit is controlled by the longshore drift potential 
of Knoll and Middle Beaches, the location of the beach huts and the jetty for the boat park. 
Gablon baskets did control the beach variability but since their removal, the beach has 
undergone slow readjustment. Between 1994 and 1998, a 3m high cliff formed at the dune 
edge between Redend Point and Knoll Beach with relatively little opportunity for progradation 
because of the narrow intertidal beach along this sector. 

6.2.3. Profile Morphology at South Beach 
South Beach is a narrow beach dominated by sandstone cliffs along the backshore. Gabion 
baskets protect the beach huts at its southern end. The beach elevation is low but dominated 
by an intertidal berm which is-poody developed in comparison to those of Studland Beach. 
South Beach is dominated by an intertidal and LWM zone; the backshore is limited due to the 
beach width, and is often submerged. The morphological structure of the beach is poorly 
developed because of a lack of sediment availability from both offshore and the backshore. A 

substantial amount of shingle is moved around this beach. Two profile groups are identified 

and their characteristics reviewed here. 

Type S-I [Profile 50 to 511 
These profiles consist of a broad asymmetrical beach terrace located forming along the HWM 

and a narrow low tide terrace along the LWM. (Figure 6.33) The narrow intertidal zone is 

: omposed of a berm split in three places formed by neap and spring tides. The low tide terrace 
is altered by cut and fill. 
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One deep hollow (circa 30 cm) exists between 35 and 40 weeks with a longer shore-normal 

axis. The berm ridge's position varies with erosion and recovery periods, altering the feature's 

elevation (Figures 6.33 (C) and 6.34). Seasonal meteorological changes are important. Winter 

profile planation causes bar formation along the LWM. This variation is linked to wind direction, 

pressure variation and wave heights (Figure 6.33). Most change occurs in the intertidal zone 

with an annual frequency. Lower magnitude changes occur on a sub-annual to monthly cycle 
(Figure 6.34). Figure 6.33 illustrates that during periods of prolonged westerlies, the beach 

shows signs of recovery. This change coincides with lower beach heights, rising wind speeds, 
failing tidal elevation and rising atmospheric pressure. 
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Fiqure 6.34. Time series analvsis Dlot for Prortle 50 illustration of cyclic frequency of morphological 
change. 

Type S-2 [Profile 51 a and 52] 
These profiles consist of a low tide terrace, a high tide terrace and a poorly developed intertidal 

berm between 5 and 35 m (Figure 6.35). High energy induced scour has eroded the beach 

along the HWM forming the shingle terrace, transporting sediment seaward and forming a 

plunge point. 
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The intertidal zone is characterised by cut and fill and a substantial phase of landward 

recession between 25 and 45 weeks, followed by recovery. This erosion causes a hollow to 
form with landward recession of the HWM. By week 35, the hollow is scoured out, removing 

the 'islands', stripping sediment from the beach. By week 42, the islands have appeared 
landward of the hollow, showing recovery signs (Figure 6.35). 

Scoured beach sediment is deposited at 25 m as a bar. The sediment from the preceding 

swash bar is moved onshore to aid the recovery of the high tide terrace and fill in the hollow 

present at 15 weeks. Erosion occurs at the high tide terrace which increases over time (week 

24). This terrace recedes, leaving more resistant remnants as islands. At 35 weeks, the whole 
beach is stripped out, recovering at week 45. During summer erosion phases, high pressure 

and low wave energies exist and so accretionary phases could be expected. 

Frequency of Morphological Changes - Line 52 
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Figure 6.36. Time series analysis plot for Profile 52 illustration of cyclic frequency of morphological 
change. 

Change occurs mainly between 3 and 18 m, and was high magnitude, varying from an annual 

to bimonthly frequency. Figure 6.36 illustrates that during periods of westerly winds, the wave 

heights are low, wind speed and tidal elevation are low and atmospheric pressure is rising. 
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Erosional phases occur with north-easterly winds, higher wave heights, rising wind speed, high 

tidal elevations and falling atmospheric pressure. 

6.2.3.1. Summary of Group Types Along South Beach 
The data show that temporal variation is less complicated on South Beach. Profile 50 operates 

on an annual basis in the intertidal zone, most predominately, and Profile 52 operates on a 

seasonal timescale with most change occurring in the HWM and the intertidal zone. The high 

tide terrace of Profile 52 is affected by erosion caused by gabion baskets. 

The spatial variability is related to wave energy, ability of the water to transport shingle around 
the beach, beach width and sediment availability. South Beach is characterised by two Units 

(Figure 6.37). S1 consists of a storm beach, a high tide terrace and a narrow berm. S2 is 

backed by gabion baskets, is bordered by the chine and is susceptible to scour from gabion 
baskets. Adjacent to Redend Point, the beach is backed by shingle and vegetation seaward of 

a sandstone cliff. Redend Point acts like a groyne and traps sediment on its southern side, 

preventing substantial leakage to Middle Beach. 
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6.2-3.2. Linkage of morphological change with meteorological data. 
The following data sets illustrate the meteorological data that may be responsible for the 

change in Studland Beach on the large-scale. These represent an alternative presentation of 
those present in the three-dimensional morphological diagrams. 

Shell Bay Winds 
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Figure 6.38. Frequency of onshore, offshore and parallel winds for Shell Bay and Studland Beach (2001- 
2002). 

Figure 6.38 highlights the frequency of onshore and offshore winds. Offshore winds are 

extremely numerous; the highest frequency is 22 days blowing in May 2003 in Shell Bay 
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(Figures 6.38 and 6.39). There is no seasonal variation to alongshore winds, although they are 
scarce compared to on and offshore winds. Onshore winds are infrequent, and again, there 
are no seasonal variations. In contrast, Studland Bay (including Knoll, Middle and South 
Beach) winds have a large proportion of onshore and alongshore winds (Figures 6.38 and 
6.39). Again, there is no seasonal variation. The total number of wind type graphs shows that 
in Shell Bay, the total number of winds varies quite significantly with the highest being offshore 
winds for 2001-2004. Shore-parallel winds are the least frequent; alongshore transport by wind 
is possibly the least dominant transport process, in frequency, at least. In Studland Beach, 
there is very little difference between all three wind types although offshore winds has the 
highest variability, with onshore winds and then parallel winds having the lowest occurrence for 
the duration of the research. 

Wind direction in 2002-2003 is slightly seasonal with a higher prevalence of easterlies during 
the winter months. The meteorological conditions coincide with the beach conditions and it can 
be seen that when onshore winds are more numerous, onshore processes are more prevalent 
with onshore migration of sediment or, to clarify, landward movement of bars and beach ridges. 
The typical frequency of north and north-easterlies coincides with beach damage during both 

the 1990s and also coincides with beach damage in the 2000s as the data in the profile 
morphological variability suggest. 
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Shell Bay Wind Types (2001-2004) 
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Figure 6.39. Studland Beach and Shell Bay wind types (2001-2004). 
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For each month, there is a high variability of wind directions (Figures 6.40,6.41 and 6.42). The 

variability of the wind directions accounts for change within the beach morphology. A higher 

prevalence of easterly winds accounts for much of the erosion of Studland Beach, with south- 

westerly winds causing beach aggradation during fair-weather conditions. Table 6.2 

summarises the annual variability in wind direction. Seasonally, there appears to be little 

difference in the wind directions, with most winds being south-westerly or westerly. However, 

easterly winds are more likely to occur in winter months, such as February and April 2003. The 

magnitude of the easterly winds, when they occur, is obviously the most important parameter in 

determining their impact on the beach. 

MONTH WIND DIRECTION 2001 WIND DIRECTION 2002 WIND DIRECTION 2003 
January South-westerly South-westerly 
February South-westerly Easterly 
March South-westerly South-westerly/easterly 
April Southerly Easterly 
May North-easterly South-westerly 
June South-westerly South-westerly 
July Westerly South-westerly 
August Westerly 
September Northerly 
October South-westerly outh-westerly 
November Westedylsouth-westedy South-westerly 
December Northerlytwestedy South-westerly/easterly 

Table U Summary of most frequent wind directions occurring at Studland. 

The wind and wave data (Figure 5.32) illustrate the frequency of variable conditions, occurring 

at Studland Beach. The wave data suggest the waves varied substantially between 2001 and 
2003. The wave heights varied on a monthly basis, although there was no substantial 

seasonal difference, on the whole. In summer, the peaks were slightly lower (0.5 m) but there 

was not a substantial difference, temporally. In 2002, the minimal heights of the waves were 
larger than in 2001. The highest wave height was in the first week of February, last week of 
January, and the lowest wave height in May. Again, there was no distinct seasonal variation, 

although heights do tend to be slightly lower within the summer seasons. In 2003 the trend 

differed again. Wave heights were higher within the two extremes of the year 

(January/February; November/December). The highest wave height was in January and the 

lowest was in October. Higher wave heights, combined with stronger winds may explain 

seasonal beach variability. 
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6.3. Discussion 

6.3.1. Description of the General Beach Form 
The beach consists of numerous landforms operating on different timescales to control the 
formative processes, and thus the morphodynamic nature of the beach. Table 6.3 provides a 
description and a comparison of features occurring within the beach system. 

BEACHSYSTEM CHARACTERISTICS PRESENT 
Shell Ba Shell Ba 

F 

D Dunes unes Arcuate dune ridge parallel to the foreshore. Low and eroded near to ferry, progressively increase in 
height to footpath, decrease in height and increase to reach maximum at Pilot's Point. Embryo dunes 
developing around Saltings Strip. 

_ mQ -rm B Rpr erms Wide and high in centre, reflecting variation n beach width. Taper off at the ends due to erosion and 
lack of sediment accretion. Dominant in summer. Two streams cross beach in winter/spring dissecting 
berm system, increasing instability. 

LWM Underdeveloped swash bars adjacent to ferry. Bar forms in the recurve of Pilot's Point although small 
bars develop sporadically on LWM 

Studland Beach 
Dunes High sand dunes in north becoming progressively lower southwards. Embryo dunes developing along 

northern section of Studland. Knoll dunes eroded, forming an erosional terrace, although small embryo 
dune ridges forming. Stable, well-vegetated dunes at Middle Beach. Some erosion in northern end. 

Berms Wide in north. Width and height decrease southwards due to rhythmic topography and changing beach- 
width 

LWM Low tide terrace and swash bars become less prevalent southwards and increasingly poorly developed. 
Rhythmic raphy increasing in amplitude northwards. 

South Beach 
Beach Narrow beach backed by either a storm beach with sandstone/limestone cliffs or sea defences. Mixed 

sediment although predominately sandy. Stream crosses beach throughout year. 
Berms Narrow berm, poody developed. 
LWM Small se2radic bars 

Table 6.3. Description and comparison of landforms occurring within the Studland system. 

Morphological variability is consistent with beach width and susceptibility to forcing. The wider 
northern section of Studland Beach has greater topographical and morphological variability 
than its southern counterpart and is less susceptible to erosion. Profiles are convex where the 
backshore is lower than the intertidal zone, particularly in Shell Bay and northern Studland 

profiles where the dunes are divided from the berm in the intertidal zone by a deflation 

channel/storm water drainage channel. Concave profiles are common in the southern end of 
Studland and South Beach and are a product of wave energy, profile elevation and beach 

width. 

6.3.1.1. Importance of the Dunes 
Fig ure 6.43 exemplifies the dune types occurring within the Studland complex. SB1 dunes are 

eroded with severe undercutting by both seasonal fluvial discharge and marine incursion. The 
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dune ridge in the arc of the bay is wide and high with a mix of well vegetated dunes and 

embryos and large blowout systems (Pilot's Point is the highest dune with a large blowout) 

(Figure 6.43). The dunes input sediment especially where there is little vegetation and large 

blowouts (Profile 36). This process illustrates the importance of dune-beach feeding from 

Storm undercutting and aeolian process. 

Dune growth occurs because of dune-beach feeding and sediment exchange from the beach. 

Several researchers including Pye and Tsoar (1990) stated the importance of uninhibited sand 
transport between the beach and the dunes was important for beach and dune stability. 
Vegetation anchoring leads to dune stability but limits the amount of sediment exchange 
between the systems. The Studland dunes are well-stabilised in the centre of Studland Beach 

(ST2 and ST3). Substantially vegetated, they input little sediment to the beach because there 

is rarely sufficient water incursion to cause undercutting (Figure 6.43). Any erosion is likely to 

be wind erosion. The dunes were more likely to undergo burial with onshore winds depositing 

sand on top of the vegetation. 

baft. - 
I wim 

4L 

Figure 6.43. Dune types occurring at Studiand. The top left photo illustrates the shore parallel ridge of 
Studiand and the wide ridges in the background of Shell Bay. The wide beach of central Shell Bay is 

clearly shown with embryo dunes and the 'cut'of the drainage channel. The top right photo illustrates 
Pilot's Point and the wide foreshore. Bottom /oft are embryo dunes along Studiand Beach and Bottom 

right are stabilised dunes at Knoll Beach. 
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Despite having a substantial potential nearshore sediment supply, the Studland dune system is 
vulnerable to erosion. Being in the centre of the embayment, it is also a focus for tides and 
wave energy, providing sediment to the beach. However, the beach is narrower here, being in 
the embayment of rhythmic topography, so sediment eroded in winter is likely to be transported 
offshore feeding the sandbars. Dudng storms, profile planation is followed by swash 
encroachment of the dune toe, and eventually direct wave attack of the beachface such as 
within Units ST3, ST4, ST5 and ST6. 

Under suitable conditions, the right combination of wind fetch and velocity can rebuild a dune in 

a week or less, such as south-westedies and westerlies, otherwise it can take years to become 
fully restored (Figure 6.44). As the dune becomes attacked, its sand replaces the berm which 
would have been destroyed in the storms. The swash zone becomes flattened so the final 

wave run-up expands landwards and the rate of wave attack accelerates. Additionally, wave 
bores strike the dune to create a near-vedical scarp. 

Knoll Beach is the focus for onshore winds and wave refraction, exacerbated by a narrow 
beach and a lack of offshore sediment, as illustrated by the wind data. Wave refraction 

patterns of Henderson and Webber also pinpoint this activity (Figure 2.3). This is because of 
Old Harry Rocks and the offshore bathymetry focusing waves into Knoll. Between 1994 and 
1997, recession was dominant along the dunes immediately north of Knoll Beach resulting in a 
distinct dune cliff (Figure 6.44). This was a consequence of several periods of erosive wave 

action linked to strong easterly winds, which also induced some inland dune migration (May, 

1997). Sediment added to the beach is removed with the tides as the beach is so narrow. 
Some of this sediment may be transferred offshore and the remainder alongshore. 
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Figure 6.44. An example of cliffing of dunes. The bottom photograph illustrates cliffing. The top 

photograph illustrates accretion of sediment in the dunes. The sign seaward of the dune ridge illustrates 

the importance of this process. 
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LT Figure 6.45. Examples of dune-beach feeding at Studland. The photograph illustrates dune-beach 

feeding due to dune collapse at Knoll Beach. 

Since 1998, there has been some recovery due largely to the substantial reservoir of sand 

provided by the wide intertidal zone in the Studland Beach. Post-storm adjustments in dunes 

are important but spatially irregular and small in size. Exposure of bare sand on steep slopes 
before revegetation leads to extensive sand chutes and small avalanche tongues which often 

accumulate across the slope and mask earlier failure morphology, similar to processes 
described by Carter and Stone (1989) (Figure 6.45). As the dune dries out, the dune foot 

becomes marked by a line of soil clods and marram root balls. Carter and Stone described 

these features as echo dunes in their research. This slope failure is associated with the nature 

of wave attack and the condition of the dune slopes beforehand. Aprons or pediment style 
features form seaward of the dunes, especially those located in the centre of Studland Beach 

(Figures 6.44 and 6.45). 

6.3.1.2. The Development of Berms, Bars and Ridges 
The beach at Studland is dominated by a series of berms, bars and ridges. The berm consists 

of a broad berm with a long gentle landward face and a steep, short seaward face with a series 

of bars associated with swash movement, overwash or change in the tidal stage level. 

Important formative factors include: 

Berms may either be related to bar welding, or were ephemeral features formed from 

onshore sediment transport. 
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=> Active wave processes in northern Studland Beach highlight a well-developed berm 
structure. Both wind and wave processes are important in their deposition. Along 
straight beach sections exposed to significant longshore transport, the difference 
between neaps and spring tide ranges were fundamental to development of berms for 

example. 

=* Lower sediment availability means berms develop from onshore migration and welding 
of swash bars. 

Beach ridges at Studland Beach, result from post-storm recovery, and in agreement with 
research undertaken by Short and Hesp (1984); Taylor and Stone (1996) and Otvos (1965; 
2000), are formed by aggradation and coalescing of swash bars by shore-normal sediment 
transport or from elongation and welding of offshore bars. Landward transport of bar stored 
sand serves to replenish storm damaged beaches. As swash bars approach the HWM, 

migration gives way to vertical accretion, plastering the ridge onto the upper beach. A series of 
recovery pulses, each likened to highly dissipative wave conditions, result in a series of swash 
ridges stranded on the upper beach. This is shown in STI and ST3. Research undertaken by 
Wright and Short (1984) suggests that these features may form during moderate energy 
conditions. 

The Studland Beach ridges are constructed by swash, whilst the storm waves modify them. 
Cut and fill, which occurs in erosive periods, is also important. Fill occurs during periods of 
constructional swash waves to form a berm at Studland Beach. During neap tides, the profile 
steepens and in springs it flattens, due to seaward displacement of the major sediment store on 
the beach from the subaerial zone to the lower intertidal and subtidal zones. Neap tides result 
in sediment accumulation on the beachface at the swash high tide line which is redistributed 
across the beach with increasing tidal range, resulting in overtopping and lateral and horizontal 

growth (Unit ST2). 

Swash bars and sediment accretion determine Studland's variability, forming on the beach 

breakpoint, induced by swash and backwash processes (ST1). During each period of high 

energy, the bar is abruptly displaced seaward with changes in relief caused by excavation of 
the trough and bar deposition. Bar welding is increasingly important in the northwards 
direction, occurring when bars migrate landwards towards a dominant beach ridge system, 

eventually welding to the ridge in a migratory sequence in the summer (Figure 6.46). Swash 
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bars form an integral part of the low tide terrace with drainage channels termed 'runnels' 
(Profile 36) (Figure 6.47). At low tide, the swash bar is exposed as a shore-parallel ridge 
developing on the low tide terrace during constructional beach phases. Swash bars are 

normally found on the beach face on the low tide terrace and are often associated with runnels 
(Figure 6.47). 

These profiles show the temporally changing morphology in the profile configuration. The 

seaward extent of the beach and the intertidal zone undergoes rapid change due to its position 
adjacent to the embayment features and also because it is the profile that is altered by 

drainage and overwash. The profile also shows how the beach becomes variable every month. 
The first three profiles which show weekly sampling are much less variable because there are 

subtle changes. Monthly profile changes seem quite stark in comparison (Figure 6.46). 

Tide induced water level fluctuations inhibit bar formations. Intertidal bars may occur on tidal 
beaches. Such bars are thought to be primarily controlled by swash processes (swash bars). 

Equally if not more so, they are affected by breaking wave processes, migrating onshore under 

prolonged low energy wave conditions to eventually merge into a supratidal beach. 
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Figure 6.46. Profile variability and bar migration to form a berm. 

Bird (1984) described how a breakpoint bar is a concentration of sediment formed by breaking 

waves (material that is carried forward meeting that withdrawn from the beach by backwash). 

Their size and distance from the shore are related to the dimensions of the waves, Higher 

waves build larger bars further offshore. In calm weather, when constructive swash is more 

effective, the bars move closer to the shore and become swash bars, flatter in profile, 

sometimes with a steeper shoreward advancing slope. Figure 6.47 illustrates these features. 

The bars are observed along most of the Studland Beach frontage. There is no place where 
they are less ubiquitous. Very few are photographed along Shell Bay but that does not mean 
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they do not occur. 

It is considered that the breakpoint bars do form swash bars and migrate onshore as the profile 

configurations show. However, more research would need to be undertaken to prove this 

process is not just a product of data interpretation. 

Since the Studland system's tidal range is small, ridge occurrence is limited. Unlike breakpoint 

bars, which are also present within the LWM system, ridges are formed at considerable heights 

above the still water level and are referred to as swash bars as they form in the extreme limit of 
the swash. These features form due to rapid profile readjustment with excess sediment. After 

a storm occurs at Studland Beach, a flat profile will result, lasting for three to four days. This 

leads to initial profile modification with rapid growth, landward migration and welding of a small 
lens in the intertidal zone to form a convex profile and then a larger ridge on the low tide 

terrace. This large ridge subsequently welds to the shore to form a convex berm over two 

weeks. 

278 



41 

Figure 6.47. Beach ridges along the LWM at Studiand. 

279 



6.3.1.3. Steps 
Within the low tide terrace of ST2, there are often beach steps. Within the intertidal zone, 
some of these features are scarp like (beach steps) (Figures 6.48 and 6.49). Steps are 

normally 20-30 cm high formed by sediment carved from the step and deposited seaward of 
the step base. Found at the base of the beachface, steps are morphologically characterised by 
local steepening of the beachface gradient, resembling a submerged scarp. 

These are erosional features indicating the landward limit of the swash of destructive waves. 
This feature occurs with destructive waves and onshore winds. These features are not that 

prevalent and usually coincide with post-storm conditions or slightly more destructive waves. 
This feature forms because of the waves trying to erode away higher beach levels at the 

breaking point. 

Figure 6.49 Shows the changing profile morphology of Profile 36. The initial three profiles 

illustrate a step at circa 30 m chainage. This step disappears over time to give way to a gently 

sloping seaward berm over three weeks, Profile 36 shows evidence of bar movement and 
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Figure 6.4d. Example of a beach step at Studland. 



swash bar attachment. The profiles illustrate the process of bar initiation. Bars form as small 
ridges/hummocks at the end of the profile, determined in this research as break point bars. 
Every month, the features grow and migrate landward until they merge with the intertidal berm. 

Figure6.49. Migration of bars. Profiles illustrate bar movement and swash bar attachment Notethestep 
feature seaward of the Intertidal berm. 

Figure 6.50 illustrates a smaller step on the beach adjacent to Pilot's Point. This was post- 

storm. The evidence of carving was diminished due to washover. These features are 
important to the dynamics of the beach because they alter profile configuration and the 
intertidal zone for a short duration. They also lower the LWM elevation for a short period of 
time and are in complete contrast to the seaweed steps of the Studland system. Figure 6.50 

illustrates the decay of a step by overwash processes and runup. The seaward slope of the 

step becomes smooth in outline with sediment debris from the backwash, forming a smooth 

slope. 
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Figure 6.50. Decay of a step by overwash processes. 

Observations at Studland have discovered that steps augmented by seaweed are an important 

component of beach response. Sporadically, sectors of Studland/Knoll/Middle Beaches and 
Shell Bay become covered by large volumes of seaweed such as sea grass (Zostera marina), 

sea lettuce (Ulva lactuca) and gutweed (Enteromorpha spp. ). This deposition forms a 
distinctive micro-topography for short durations. Seepage steps are not permanent beach 

forms at Studland and under suitable conditions are found in specific areas (Shell Bay, Knoll 

Beach, Middle Beach and occasionally South Beach). 

Step morphology is determined by the bulk and distribution of seaweed along the shore. Their 

shape ranges from cuspate to long finger-like structures. The seaward end of a seepage step 

consists of a blunted, vertical face. The longitudinal axis consists of rounded edges formed by 

layers of seaweed. Immediately landward of the step face, a depression or basin often occurs. 
The shoreward end of a step merges with the beachface, forming a flush surface (Figure 6.52). 

Seepage steps undergo several morphological changes as they develop. The first stage of the 

morphology is a long strand of seaweed deposited within the moving swash/backwash zone. 
This is commonly observed to be approximately 20 cm to 10 m long but varies along with width, 
depending on the quantity of seaweed deposited. Once this linear strand reaches a critical 
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stage - where sediment is abundant and closely packed - indentations begin to occur in the 

seaward face. 

Secondly, finger-like structures are created. Their dimensions vary depending according to 
how long these features are present and also the volume of seaweed deposited. 

Measurements obtained illustrated they can be 20-75 cm in height, 20 cm to 1m wide, and 30 

cm to 1m in length (Figure 6.51). Fingers can also occur in shore-parallel tiers, and are often 2 
to 10 m apart. in between the fingers are embayments. Although seaweed deficient, they can 
be the same length as the adjoining fingers and vary from long, narrow features to arcuate 
forms. Width varies from 30 cm to >1 m. A line of seepage steps and embayments can vary in 
length from circa 50 to 250 m. 
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Figure 6.51. Evolutionary model of a seepage step. Top diagram shows three-dimensional morphology of 
a train of seepage steps. Each step typically consists of vertical bluffs and low angle dips within the 

steps. The planform outline is defined by waveltide processes. 

The third morphological features are islands. These are short features (20-50 cm) separated 

from the fingers and abundant where there are several tiers of fingers. Islands are 

approximately the same width and height as the finger landward of the island. 
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Visual inspection suggests these features reflect the subtle interplay between groundwater and 

seepage. Seepage steps require abundant supplies of filamentous seaweed for their formation 

combined with important processes related to tides, the water table and swash. Seepage steps 
form in a similar fashion to sand constructed steps, relying on pronounced deposition, although 

they receive net accretion of seaweed instead of sand. Unlike sand steps on stable foreshores, 

however, seepage steps do not form through excavation and scour as Bauer and Allen (1995) 

suggested. There is also no retreat of the step face, although beachface retreat may occur on 
the boundary between the beach face and the seaweed. Morphology is dependent on the 

amount of seaweed deposited and how well-structured the steps become. Maintenance is 

determined by whether new seaweed is added, and also whether the steps can be maintained 

by calm water conditions. 

Embayment formation is due to tidal current motions and the initial release of water draining 

from the seaweed at lower tides (seepage and rilling). Embayments increase in size over time 

due to a combination of changing tidal elevation (i. e. change from high water to low water for 

example), and age of these features. The embayments form where the seaweed is subjected 

both to rill erosion and seepage face development (Figures 6.51 and 6.52). The incoming tide 

augments the rills, creating larger embayments. Grant (1948) found the water table's position 

was an important factor in beach erosion. Within seepage steps, the water table may be 

important in augmenting embayments, causing degradation and eventual decay. 
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Figure 6.52. Embayment form and decay. A shows seepage steps and abandonment of the bluff from the 
embayment. B and C show aspects of embayment decay with isolation from the strand line and also 

aeolian deposition. 

Abandonment occurs through degradation of the competent layer, reduced seaweed supply 

and increased sand as a result of deflation and changing tidal level (which is usually falling). 

When the tide ebbs or changes from a spring to a neap, for example, the subsequent fall in 

elevation cannot reach previously formed systems. This may produce new systems shoreward 

of the abandoned system, creating a tiered profile on the beach or complete abandonment and 

a return to more conventional beach profile morphology. 

Degradation can occur through several processes. Higher tides can lead to submergence and 
degradation. Lower tides can lead to abandonment particularly as no new seaweed is added to 

the steps. Winnowing of seaweed through swash processes and degradation of the competent 
layer can lead to decay of the seepage step. Higher wave energy and change in wind direction 

may lead to degradation. Aeolian burial results in step degradation. Lowering of the water 
table and drying out of the intertidal zone leads to decay of seepage steps also. A secondary 

process is overwash causing decay in the shoreward section of the step. If water does overlap 

steps, it erodes the line between steps and the beach. 

Seepage flow within a beach may affect the sediment transport characteristics owing to 

modification of the effective weight of the sediment as Nielsen (1990) suggests. Swash 

-- 
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induced hydraulic gradients also develop where the beach material is highly mobile and where 
the characteristics of the surface sediment and subsurface flow are more likely to be more 
influential on sediment transport (Horn et al., 1998). Rapid water table fluctuations due to 

swash infiltration may additionally influence sediment mobility (Turner and Nielsen, 1997; 

Figure 6.53). 

Groundwater controls sedimentation at the base of the step itself by causing undercutting of 

sediment underneath the seaweed. Here sediment is deposited at the base of seepage steps 

as fans (Figure 6.53). 

Steps forming on wide beach systems such as Shell Bay are better protected from tidal stage 
than those on Middle or Knoll Beach where the beaches are narrower. If the steps do not 

aggrade quickly and higher than the usual water elevation, decay and submergence will be 

rapid. On Shell Bay, beach profile configuration will assist emergence of these features. 

Position of the features on the beach will also link to aeolian processes and the water table. It 

is likely that wider beaches have a water table at a much lower level below the surface than 

narrower beaches. Wider beaches are more likely to have a wider intertidal zone and hence 

promote drying out of the beach, inducing aeolian transport. At Knoll Beach, there is less 

drying out which may in some way promote sustainability of the steps and prevent them from 

being degraded by sand burial. 

water drainage 

Now 

Plan-form modifed 
Seaweed-sediment 

by wave action 
horizon 

Groundwater seepage 
rapid under-cutting of edge 

Figure 6.53. Importance of process. Seepage-steps are modified by water drainage and wave action. 
Groundwater seepage is often responsible for rapid undercutting of the step whilst the planform is 

modified by shoreward wave action and water drainage. 

If seepage steps form on a high spring, their position may be much higher up the beach than 

on a neap. Spring tides flatten the beach leading to seaward displacement of the beach's 
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sediment store. As the tidal cycle changes form a spring to a neap, the tidal range will fall and 
may lead to abandonment particularly if the steps form higher up the beach than the usual 
intertidal zone. If the steps form on a neap tide, at LWM, they will become submerged and not 
last as long as higher up the beach. The timing was crucial and will lead to emergence or 

submergence of the features. 

Although transient features, seepage steps are influential in altering the shoreline. They buffer 
higher energy waves and control the tidal limit and its influence within the intertidal zone. This 

is done by preventing overwash. Steps prevent translation of the tide across the beach profile. 
They prevent water reaching the usual intertidal levels slowing down both erosion of the 

shoreline by swash and backwash processes, and also prevent sediment transport within the 
intertidal zone, limiting backshore and intertidal accretion. Steps also alter the level of the 

intertidal zone by preventing a HWM forming on the beach. Seepage steps form a barrier to 

hydrodynamic processes, resulting in little beachface modification. 

6.3.1.4. Drainage features 
The drainage features are exceptionally important to the beach response of Studland Beach. 

Figure 6.54 illustrates the drainage channel forming some distance in front of the dunes. The 

drainage channel lowers the beach profile significantly leaving a step-like feature delineating 

the difference in the drainage channel environment and the backshore. It is estimated that this 

step is 10-20 cm high which is quite significant. There are significant ripples within the 

drainage channel illustrating sediment transport and parallel water flow direction. The ripples in 

the foreground are slightly different illustrating some overwash processes, possible during a 

subsequent event. Figure 6.54 illustrates quite clearly the impact of the escape water and the 

configuration of the beach profile as a result. The drainage channels that break through the 

berm are significant because they alter the stability of the intertidal zone, making the backshore 

more susceptible to flooding. 
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Figure 6.54. Configuration of the drainage channels along Studland Beach. 

The lower drainage channel in Figure 6.54 illustrates similar processes to the upper 

photographs although there is not a clear shore-perpendicular conduit for drainage water 

escape. This drainage channel is landward to but parallel with the intertidal berm. The berm is 

less clearly defined. Ripples are often in two directions: shore-parallel and shore-perpendicular 

illustrating changes in the water flow or transport regimen. 
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Figure 6.55. Overwash channels and shore-perpendicular drainage channels. 

Storms exacerbate beach overwash morphology within the intertidal zone as depicted in Figure 
6.55. Figure 6.55 illustrates a drainage channel which has been altered by a combination of 
high tide and storms. In the foreground, scars forming floodwaters can be seen with debris 

being deposited on the beach, These features are also illustrated in Figure 6.56. 
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Figure 6.56. Development of drainage channels induced by swash travelling landwards across a berm, 
and exploiting perpendicular low-lying channels to return drainage waters to the sea. 

6.3.2. The Importance of Process and Spatial Pattern 
Process and spatial pattern determine beach response. Shell Bay differs from Studland partly 
because of estuarine location. The division of the beach was split into three sections: Shell 

Bay, Studland Beach and South Beach. The evidence that supports this division is beach 

width, profile variation, morphological variability and also features such as the Training Bank 

and Redend Point (Table 6.4). Shoreline orientation and shelter are also important 

At Studland and Knoll Beaches, the dunes still exhibit damage caused by a prolonged period of 

easterlies during the early 1990s, as the wind data suggests. However, the time series 

analysis and profile morphology illustrate easterlies were beneficial to southern areas of the 

beach, causing a reversal in the drift direction with greater potential sediment supply from 

offshore (Milkmaid Bank) and from Pilot's Point (Table 6.4). 
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BEACH CONTROLLING PARAMETER 
Shell Bay Tidal interactions more important than wave climate of Studland Bay. Aeolian processes 

influential. Profiles adjacent to Pilot's Point (Units SB5 and STI) are controlled by the Training 
Bank, longshore drift and greater potential for on-offshore sediment transport (Milkmaid Bank) 
contributed to by presence of nearshore bars. Beach is wider (STI). Thus, the beach width's 
interaction with higher wave energies and longshore drift results in variable beach widths. 
Shoreline orientation is important and may account for the contrasting processes occurring on 
Shell Bay as compared to Studland Beach. The destructive easterly winds of Studland are not a 
concern at Shell Bay because of shoreline orientation and shelter afforded by the parallel ridges 
of Studland and also Pilot's Point. 

Studland Beach Affected by waves and winds of different directions to Shell Bay. This is because of different 
orientation and offshore sediment supply. Aeolian activity greater in wider sections of Intertidal 
zone. Afternoon sea breeze regime and waves combine with tidal periodicity to produce a 
beach cycle unique to combination of tides and waves. Shoreline orientation is such that 
prolonged periods of easterlies are direct, causing severe drawdown, shore erosion and 
subsequent mass sediment removal with most damage occurring in the central and northern 
parts of Studland Beach (Profiles 36 to 43). 

Studland-Knoll Affected by easterlies, wave refraction and narrow beach with low elevation. Offshore and 
backshore sediment limited. Aeolian transport limited. Tidal incursion important due to narrow 
intertidall zone. 

Studland-Middle Affected by wave refraction from Redend Point, limited offshore sediment, little development of 
nearshore bars and limited longshore drift. Little sediment supply controls beach width, 
morpholoq, ical development, and beach elevation. Little aeolian transport. 

South Beach South Beach is narrow and sheltered from higher wave energies. Easterly winds and high 
storm waves are buffered by Milkmaid Bank and so lose a substantial amount of energy before 
they reach South Beach. Wave refraction around Old Harry decreases wave energy, lowering 
the susceptibility of beach erosion. 

Table6A Spatial pattern and controlling parameters of morphological variability. 

The profiles south of Profile 43, for example, were slightly accretional because of the easterly 
drift of sediment from Milkmaid Bank as the winds push sediment in this direction; the reverse 

of the northern section. A bipolar influence of easterly and westerly winds is crucial to the 

variability of the Studiand system. However, the data show that there are very little easterly 

winds during the timespan of the research, with predominately south-westerly, westerly and 

southerly winds. However, easterly winds have minimal impact at Shell Bay, because of the 

shoreline's orientation. These winds blow parallel to the shore pushing sediment towards 

Profile 28 from 35. This is critical but drift directions have not been determined. Inference is 

based solely on profile change and the sediment size analysis of this research and Lacey's. 

The inclusion of wind data has shown that there are shore-parallel winds. Observations 

undertaken during fieldwork during shore-parallel wind conditions have shown that sediment is 

transported rapidly via aeolian processes from the southern end of the beach to the northern 

end, giving a 'sand-blasting' effect! 

The general forcing factors operating at Studland consist of winds, waves, tides, atmospheric 

pressure and local meteorological conditions. Each section discusses the importance of each 
individual forcing factor. 

=* Wind pattern: The general wind pattern is a predominantly south-westerly direction. 
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Prolonged periods of easterlies cause most erosion with drawdown, except in the 

south. Wind pattern is responsible for the formation of aeolian pavements, dune 

aggradation and dune degradation. Offshore winds cause sediment to be deposited 

along the intertidal zone (from the dunes). Onshore winds cause accretion of the 
foreshore and dunes whilst parallel winds blow sediment along the shore. The 
inclusion of wind data with profile data infers that during onshore winds, profiles build 

up and bars form at the LWM, migrating shorewards. During offshore wind phases, 
erosion occurs with sediment being removed from the backshore and deposited along 
the intertidal zone or the LWM. 

Tides: more influential in Shell Bay because of estuarine conditions but are responsible 
for changing landform formation along the HWM and LWM during springs and neaps. 
Tides alter the position of the swash and surf zones both horizontally and vertically and 
define the position at which landforms such as bars may form. Tides also control the 
level of the water table which controls erosion, depositional and aeolian processes, as 
inferred from the seepage step formation and 'sand' step degradation. 

=> Waves: Knoll Beach is the focus for wave energy. Wave height varies with 

meteorological conditions: low pressure produces higher wave heights and more likely 

higher wave energy due to higher wind speeds. Wave refraction could be important for 

shoreline drift (Figures 4.18 and 4.27) adjacent to the Training Bank) and offshore 

morphological patterns. This has not been analysed within this research but could also 
be important for wave-driven transport of sediment from the ebb tidal delta. Wave 

refraction may result in much of the sediment being driven in a circulatory motion 
around Milkmaid Bank and deposited in the northern and middle sections of the 

shoreline and Milkmaid Bank. Figures 4.18,4.27 and 6.57 illustrate the types of wave 

refraction patterns existing at Studland Beach and these may be subtle indicators of 
sediment transport directions. Wave refraction is affected by the curvature of the 

shoreline, the local geology and headlands and also the offshore bathymetry, where 
there is extensive shoaling, wave direction patterns will be interrupted and orthogonals 

will change shape, altering the amount of wave energy to the shore. 

292 



pill ----7. 6, ,-. ý* -11 1116 !,. o 

Ilk. rw 

Figure 6.57. Wave refraction pattern occurring in Shell Bay. 

6.3.3. Importance of Rhythmic Topography 
Rhythmic features occurring along Studland Beach are viewed as a set of quasi-stable 
features, forced by a combination of processes, notably waves and sediment availability. The 

rhythmic features at Studland are consistent but not ephemeral features (Figures 6.58 and 
6.59). Embayments have a mean wave length of 150 m ±10m. There is extreme regularity to 

these features. The regularity is surprising and not an artefact of the data collection. The 

regularity is not connected to profile spacing, frequency and survey area. These features are 

shown on both the aerial photographs and the seabed bathymetry. Upon inspection of the 

aerial photographs, these patterns are repeated and their displacement would suggest some 

migration. 

These features are similar in appearance to the ords of Holderness, described by Phillips 

(1962; 1964). Ords consist of varying topography, as at Studland with topographical highs and 

lows. There is a departure from the perceived normal beach form with a high upper berm and 

a lower beach ridge. Where ords occur, the upper beach is missing. This is similar to 

Studland, where erosion of the dunes occurs because of drainage channels within the 'lows'. 

Low beach sectors are important in determining a local pattern of cliff recession and episodic 
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migration down the coast. Ords at Holderness were 45 to 55 m in length (Phillips, 1962) and 
moved southwards by severe storms. The lows and the drainage channels are important and 
may possibly be the controlling factor of these features. The drainage channels allow erosion 
of the beach because waves and water are allowed to migrate further up the beach section, 
potentially causing undercutting of the dunes. 

Recession is slow where there is a high beach. Philips (1962; 1964) described that upon 
approaching an ord from its northern end, the upper beach is lower and narrower merging often 
into the cliff foot beach. This may remain stationery for long periods of time. Motion by infilling 
by shoreward moving sediment at the northern end and moving away of the higher beach at 
the southern limit of the ord by storm wave induced longshore transport. The movement of the 

ords at Studland has not been quantified in this research but they are assumed to remain static 
for long periods of time (Figures 6.58 and 6.59). This regularity at very large intervals is 

unusual. Embayments modify currents and wave refraction patterns, often resulting in slightly 
narrower beach profiles where they form. Rhythmic topography is usually either formed by 

edge waves (Bowen and Inman, 1971) or wave refraction (Breeding, 1981). The sustained 
activity of the longshore current is important to their formation. Additionally, there needs to be 

a strong current running almost shore-parallel over a gently sloping beach. The shoreward 
current transports sediment to the beach but the return currents are insufficiently strong to carry 
sediment away, resulting in the short bars carrying sediment to the littoral drift current along the 
beach (Niedorada and Tanner, 1970; Barcilon and Lau, 1973). 

A more convincing explanation, which is under-explored in the literature, would be the 
importance of the backshore drainage channels. The drainage channels induce recession into 

the base of the cliffs and also lower the beach topography, exacerbating subaerial processes, 
and also causing a wind tunnel when the drainage channels are dry. 
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Figure 6.58. Embayments along Studland Beach. The top photograph illustrates a transverse bar 
attached to the shore at an oblique angle. 

Figure 6.58 illustrates the embayment structures. Figure 6.58 illustrates a transverse type bar 

attached to the horn of one of the embayments. This is a dominant feature within the 

embayment structure (Figures 6.58 and 6.59). In the background a swash bar can also be 

seen. It is possible that bars, embayments features and drainage channels are linked 

morphologically. 
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Figures 4.20 and 4.22 illustrate these embayment-type features. They do appear to be in 

similar positions to the present day. Figure 6.59 illustrates these ords in greater detail. Shore- 

parallel bars are attached to the heads of the embayments, similar to transverse bars. 

Transverse bars are significant features to shoreline morphodynamics. Profile data and 

morphological variability data corroborate this. Their absence in subsequent surveys may 
illustrate migration. Further research would need to be undertaken specifically on these 

features, to account for any migration patterns that may be present. 
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Figure 6.59. Embayments of Studiand Features in photograph represent embayment features - large- 
scale features which occur in addition to beach cusps. The aerial photos also suggest these features, as 
showing the previous chapter. This current data was collected by GPS. Analysis has been undertaken to 

determine that the embayment feature shown in the data are real. 
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6.3.4. Temporal Variation 
Time is important to beach response. Beach width is an important factor defining the 

geographical variability of profile morphologies and varies according to each beach system. 
Temporal variation is crucial to the way the beach responds to forcing factors, and is related to 
three-dimensional morphology, process, sampling intervals and seasonality/periodicity. Time 

affects the variability of the beach both geographically spatially. 

Table 6.5 provides evidence of the importance of geographical variation, suggesting features 

such as Redend Point and the Training Bank influence beach response, affecting longshore 
drift and wave refraction. Variation in morphodynamic variables is due to various factors 
including beach width, geology, sediment transport variables, tides and human impact. Beach 

width is important at Shell Bay in that the central sections of the beach are more stable than the 
distal ends and respond much more slowly to destructive variables. The distal ends of the 
beach are easily eroded and are sensitive to high magnitude events. The wider profiles contain 
well-developed beach structures and are less destructible by high magnitude changes. Higher 

magnitude activity on wider beaches near the LWMAntertidal zone whilst in narrower sections, 
it was at the HWM. This is significant to beach response behaviour, controlling accretion. The 

middle section has a higher rate of sediment transport as signified by its greater morphological 
development. Seasonal development is extremely important with a winter and seasonal profile 
configuration. Aeolian processes are dominant in the middle section of Shell Bay, signified by 

the higher and wider dune belt. The intertidal zone width encourages such processes. Aeolian 

transport can be depicted by the wind directions and is an important variable in morphological 
development. Aeolian transport is significant to the beach response, playing an important role 
in sediment exchange. Human impact is not significant in the middle section of Shell Bay but 

controls the processes occurring in the distal ends, adjacent to Profiles 28 and 29. Geology is 

not significant in Shell Bay, but shoreline orientation is important. The wind directions that 

create such a destructive impact in Studland do not have the same effect as in Shell Bay. 

Beach width, elevation and morphological variability vary on annual, seasonal and bimonthly 

timescales. Berm growth and the development of morphological structures are dependent on 

annual and seasonal change. In the summer, beach width and height are synonymous with 

calm weather conditions. Calm weather and constructive wave conditions also contribute to 
berm growth. Beach width varies on the tidal scale due to neap and spring tides. The position 

of the LWM and HWM are controlled by this tidal variation. Morphological variability alters on 
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each tidal level with breakpoint bars and swash bars changing elevation, position and 
morphology according to the level of the tide and wave conditions. 

FACTORS GEOGRAPHY HOW FACTOR CONTROLLING UNIT TIME PR ILE 
DEFINING CONTROLSBEACH INFLUENCES 
LOCATION 
Beach width Wider in the Affects beach form Affected by SBI- Higher 30-30d 

middle sections of morphological offshore sediment SB4 magnitude wider and 
Shell Bay. development. source, local activity nearer contain 

geology, bars, and HWM on well- 
morphodynamics. narrow develope 

beaches. d beach 
Seasonaland structure 
monthly s than 28 
variation I and 29. 

Geology Poole Harbour Affects beach S131- 
entrance crucial sediment sources, S134 
to morphological wave refraction, 
development offshore sediment 
entrance and location, and beach 
Training Bank width 
control wave 
refraction and 
longshore drift. 

Longshore East and west Controls beach width Affected by SBI- High 28-35 
and on-off have limited and sediment source sediment sources, S134 magnitude, affected 
sediment sediment availability geology, currents, seasonal by 
transport transport. waves, and tides variation longshor 

Abundant in e 
north. processe 

S. 
Aeolian Shell Bay Aeolian processes Sediment SB1- Higher 28-35 
processes dominated by control dune growth: availability and SB4 magnitude, contain 

dunes. embryo/foredunes. beach width seasonaland dunesin 
dependent. annual variation varying 
Stability and extent. 
avalanching/blowo 
uts. 

Berm growth Well-developed in Controls beach Growth dependent Seasonaland 30-35 
Shell Bay response to local tidal on sediment annual variation have 

conditions. availability, beach of high well- 
width, tides magnitude develope 

within Intertidal d berms. 
zones 

Tidal limits Tidal limit varies Controls size of Determined by Weekly 
and elevation within system. intertidal zone and beach width and variation of high 

morphology. height. magnitude at 
various stages 
within profiles. 

Human Ferry and Sea defences cause Sea defences, 
impacts Training Bank. erosion - higher water beach width, 

table and narrower elevation, offshore 
beach. Sediment sediment source 
availability important. and availability. 

Offshore Sediment Location important. Waves, tides, Seasonaland 
sediment exchange currents monthly change 
source/ between Important. within LWM 
nearshore Sandbanks and Affected by and intertidal 
bars Swash Channel. Training Bank. zones. 

Table 6.5. Factors derining geographical variability of profile morphologies In Shell Bay. 
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The morphological variability is dependent on these factors as well as local meteorological 
conditions. Obviously, with an onshore wind and low pressure, tidal elevation is often higher up 
the beach, particularly in winter. This reduces beach morphological variability, and 
exacerbates beach planation. 

Morphological variability is an annual process with net changes affecting the beach over time. 
The contribution of summer and winter profiles to the overall beach morphological state is 

great. Obviously, on the narrower sections of Shell Bay, in winter, morphological variability is 

poor due to inundation of the tide. This may result in undercutting of the dune and increasing 

the amount of sediment lost from the beach system. 

Table 6.6 illustrates the changes occurring in Studland Beach. Variation in morphodynamic 

variables is due to various factors including beach width, geology, sediment transport variables, 
tides and human impact. Beach width is important at Studland Beach because the north is 

wider than the south which affects the beaches morphological development. The wider profiles 

contain well-developed beach structures and are less destructible by high magnitude changes. 
Higher magnitude activity occurs on wider beaches near the LWMAntertidal zone whilst in 

narrower sections, it was at the HWM. Berm development is greater on wider beaches but is 

controlled to some extent by tidal position and seasonal constraints, as discussed in the Shell 

Bay section. This is significant to the way the beach responds to change and as a result, 

controls accretion. The northern section has a higher rate of sediment transport as signified by 

its greater morphological development. Seasonal development is extremely important with a 

winter and seasonal profile configuration. Aeolian processes are dominant in the northern 

section of Studland Beach as signified by the higher and wider dune belt. The intertidal zone 

width encourages such processes. Aeolian transport can be depicted by the wind directions 

and is an important variable in morphological development. Aeolian transport is significant to 

the beach response, influencing sediment exchange. This may alter on a tidal and seasonal 
basis. Aeolian transport is often reduced in winter due to increased wetting of the beach and a 

reduction in the width of the intertidal zone, which normally promotes aeolian transport. 

Aeolian transport potential is usually greater on wider intertidal zones during prolonged drying 

periods. Human impact is not significant in the northern section of Studland Beach. 
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FACTORS GEOGRAPHY HOW FACTOR CONTROLLING UNIT TIME PROFILE 
DEFINING CONTROLS INFLUENCES 
LOCATION BEACH 
Beach width North wider than Affects beach Affected by offshore ST1- Higher 36-43 wider 

Knoll, Middle and form sediment source, local ST4 magnitude and contain 
South Beach. morphological geology, bars, and activity nearer well- 

development. morphodynamics. HWM on developed 
narrow beach 
beaches. structures. 
Seasonaland 
monthly 
variation 

Geology Redend Point Affects beach Chalk cliffs - limited ST5 47-52 
controls wave sediment sediment source. and ST influenced 
refraction and sources, wave Sandstone cliffs 6 by 
longshore drift. refraction, provide some longshore 

offshore sediment to beach drift and 
sediment geology. 
location, and 
beach width 

Longshore South had limited Controls beach Affected by sediment High 36-43 
and on-off sediment width and sources, geology, magnitude, controlled 
sediment transport. sediment currents, waves, and seasonal by on-off 
transport Abundant in source tides variation and along- 

north. availability shore 
processes. 
Limited in 
44-52. 

Aeolian Studland Beach Aeolian Sediment availability ST1- Higher 36-48 
processes to Middle Beach processes and beach width ST6 magnitude, contain 

dominated by control dune dependent. Stability seasonaland dunesin 
dunes. Knoll - growth: and annual varying 
degradation. embryo/foredu avalanching/blowouts. variation extent. 

nes. 
Berm growth Well-developed in Controls beach Growth dependent on ST1- Seasonaland 36-43 have 

Shell Bay to Knoll response to sediment availability, ST4 annual well- 
Beach. local tidal beach width, tides variation of developed 

conditions. high magnitude berms. 
within intertidal 
zones 

Tidal limits Tidal limit varies Controls size Determined by beach ST4-S2 Weekly 44-52 
and elevation within system. of intertidal width and height. variation of narrower 

zone and high magnitude than 28-43. 
morphology. atvarious 

stages within 
profiles. 

Human More Sea defences Sea defences, beach ST4-S2 44-52 
impacts anthropogenic cause erosion - huts, infrastructure, controlled 

change at Knoll higher water beach width, by 
and Middle table and elevation, offshore anthropoge 
Beach. narrower sediment source and nic change. 

beach. availability. 
Sediment 
availability 
important. I 

Offshore Northern section Location Waves, tides, currents ST1- Seasonaland 36-43. 
sediment influenced by important. important. ST4 monthly 
source/ Milkmaid Bank. change within 
nearshore LWM and 
bars Intertidal zones. 

Table 6.6. Factors defining geographical variability of profile morphologies in Studland Beach. 
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6.3.4.1. Storms 
During a storm, a uniform erosional profile will develop. Sediment is stripped from the beach 

leaving a concave-up profile, depositing the sediment as a nearshore bar. Subsequently, swell 
drives bars landward to weld to the beach. With additional sediment, this process forms a 
berm resulting in a convex-up beach. At Studland, it is common for storm waves to lead to 

rapid profile change with subaerial beach volumes moved offshore to form surf zone bars 

(similar to Profile 36; Figure 6.20). These often occur when a flat profile is formed by storm 

waves stripping the sediment off the beach (weeks 15-18). During a subsequent period of 

calmer conditions, accretion phases often occur returning the beach to almost pre-storm 

conditions where swell conditions (constructive waves) push sediment up the beach to form 

bars/ridges. Their size and shape is dependent on the sediment amount supplied to the beach, 

their formative morphodynamic conditions, and the tidal state, all of which determine their 

location. After storms at Shell Bay, there are often pools of water in the backshore (Figure 

6.60) and evidence of sediment being stripped from the beach, leaving hummocks of wetter 

sediment which cannot be entrained by aeolian processes. The beach profile is often flat with 
little variation between the intertidal and backshore zones. 

At Middle Beach, the effect of a storm is demonstrated in Figure 6.61. The strandline is in the 

foreground, seaward of the dunes. Dune clumps can be seen on the shore (Figure 6.61). At 

South Beach, sediment is stripped from the beach, leaving a flat profile with shingle being 

dragged from the backshore onto the intertidal zone (Figure 6.62). 
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Figure 6.61. Erosion of the dunes at Middle Beach. 

Figure 6.62. Mixed sediment beach at South Beach. 

The foredune is rapidly eroded by swash bores colliding with the dune face, causing 

undercutting and avalanching and subsequent slope failure. The toe becomes eroded at the 

base of the slope, weakening the remainder of the dune face, leading to collapse, as 
demonstrated at Knoll Beach and Middle Beach. Afterwards, the deposited sand may be 

slowly transported back to the dunes. 

This was more dominant than beach-dune feeding. However, occasionally, the tide may 

overtop the berm, undercutting the dune system and adding sediment to the beach profile. 
However, dune undercutting and basal erosion will often lead to clumps being deposited above 
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the HWM. From personal observation, there is aeolian deflation following storms and 
washover (Figure 6.63). 

The beach recovery of the Studland system is comparable to Morton's (2002) model with berm 
reconstruction forming from sand moving ashore from storage sand bar systems. The 

substantial sediment volume stored on the upper shoreface is out of equilibrium with the normal 
beach profile. Where there is backshore aggradation, subaerial deposition is important. Minor 
backshore flooding and aeolian action promotes sand accumulation, creating a high storm 
berm crest and increasing backshore elevation. Low energy waves drive bars onshore to form 

a lower berm crest. This is followed by dune formation, where aeolian sand obscures the 
erosional escarpments and wave cut dunes within the central sector of Studland Beach and 
Shell Bay. Some areas of Studland also exhibit dune expansion. Here, seaward dune growth 
of the erosional escarpment occurs with taller denser dune vegetation. 

The morphological plots show the types of pre- and post-storm beach recovery. The storm 
changes are inferred by hollows or indentations in the shoreline, particularly in the berm or 
intertidal zones. Storm response is usually depicted by landward migration of the 

morphological features, planation and a decrease in profile elevation. Some profiles show 
immediate recovery but the narrower profiles show much less responsive systems. For 

example, Profiles 36,37,38, and 40 show rapid response rates with the profiles readjusting to 

almost their pre-storm positions, but Profile 50 shows a less rapid response with the profile 

morphology taking a long time to get back to pre-storm conditions, and even then it is 

questionable as to how much of the profile morphology is restored. There is not an average 
Ume for recovery, as the data illustrate, but the more northerly profiles are more rapid. The 
factors affecting this timing include local meteorological conditions, sediment availability, ease 
of sediment release from sediment stores such as berms, bars and dunes, offshore sediment 
availability and also profile elevation and morphology. The more southerly profiles are less 

responsive because there is less potential sediment replenishment from external sources. 
Additionally, this research does not answer the question as to whether the storm process 
introduces new sediment from offshore or whether it returns sediment onshore that is moved to 

onshore to bars by storms preceding the surveys. From observations and beach surveys, the 

author suggests that new sediment has not been introduced into the system. This cannot be 

proven in this research, however. 
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Figure 6.63. Deflation processes at Shell Say. 

Sand deposited in calm weather is removed to the offshore zone during storms to be returned 
with the next calm period, forming an erosional profile which can change from reflection to 
dissipation and accelerate the development of offshore bars. The tendency for beaches to 

recover after storms is consistent with their long-term trend. Sand is recovered to a beach 
during quiet intervals (post-storm recovery) controlling accretion, expansion and foredune 

growth. Some beaches undergo a partial recovery depending on the completion of each 
preceding stage, such as the completion of onshore sand transport, berm reconstruction, or 
foreshore accretion, unlike the dune terraces of Knoll Beach (Figure 6.64). 
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Figure 6.64. Planation of a dune terrace at Knoll Beach. 

304 



Where sand is abundant and shorelines are either stable or accreting, the beach and 
vegetation line will eventually return to their pre-storm conditions. Post-storm recovery can be 

evaluated in terms of losses and gain in sand volume or pre- and post-storm positions of 
morphological features. Only beaches with low long-term erosion rates experience complete 
recovery to pre-storm conditions. However, recovery may depend on the sequencing or 
intervals between storms. 

Sand transported offshore during storms from the inner surf zone forms longshore bars, 

characteristic of the storm profile. Ridges which get close inshore attach themselves to the 
beach, leading to accretion and onshore accretion of aeolian dunes. Where these ridges 
maintain stability and remain static, the beaches may be deprived of sand in spite of the 

abundant nearshore sand stocks. 

6.4. Summary 

This chapter has highlighted the impact of temporal variability on the Studland beach system. 
This is controlled by meteorological forcing and seasonal change. Major profile changes are 
linked to wind direction with easterlies contributing to shoreline erosion over long time periods. 
South-westerly winds are the driving force for causing accretion and growth. This chapter 
illustrated controls to the system. The system not only operates as one beach as a whole but 

can also be divided into sections and profiles, each having their own independent responses to 

meteorological forcing, tidal levels, atmospheric pressure and wave height. The response of 
each unit is dependent on elevation, morphological variability, sediment availability, dune- 
beach exchanges and position within the bay. Southern profiles exhibit less morphological 
variability as they are narrower than their northern counterpart, hence are more prone to 

erosional processes. 

Tidal range is relatively important despite the small tidal range, particularly in the southern 
profiles which are more prone to tidal inundation because they are narrower. Tidal limits 

control morphological variability along the LWM and HWM. During storms, tidal variability may 
exacerbate the drainage channels along Studland Beach, causing flooding and dune 

undercutting. Despite, the extensive archival documentation, there is still little understanding of 
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the sediment source which provides the building blocks of Studland. 

Studland's morphological models illustrate profile variation in each of the beach systems 
showing that Shell Bay is subject to different controls to change than both Studland north and 
Studland south. This is due to shoreline orientation, the proximity of the Harbour entrance, 
wind direction and beach width and morphology. The system is also controlled by estuarine 
processes and ephemeral drainage channel processes, particularly in the winter. Studland 

north differs to Studland south because of its width and sediment availability both in the 
backshore and the nearshore. 

The implications of high magnitude events need to be considered when discussing temporal 

and spatial variability of the system. It is clear from the time series analysis that high 

magnitude events over a high frequency are important in changing beach response. The time 

series analysis also shows that the beach is sensitive to change particularly in the intertidal 

zone where high frequency low magnitude events occur. 

The importance of scale is expressed in the tiered beach hierarchy of landforms, ranging from 
dunes, berms, bars, steps, drainage channels and rhythmic topography. Each feature has an 
important part to play in the morphodynamic response of each of the beach systems. 
However, most of these features are more ubiquitous on Studland Beach. Drainage channels 

and rhythmic topography alter the beach stability and also narrow the beach in certain sections. 
They have been under-researched until now, but play an important role in exchanging sediment 
and overwash between the LWM and the backshore environment. The presence of steps, 
particularly seepage steps, although exhibiting geographical and temporal variation, enhance 
the stability of the intertidal zone when they occur. These features buffer higher wave energies 
and alter the sedimentary dynamics of the beach system. 
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Chapter Seven. Discussion 

7.1. Introduction 

This chapter discusses the main points of the results and then enters into the discussion of the 

main findings, namely that the Studland system is complex and hinges on two main ideas -a 
nested hierarchy, and spatial and temporal variation. The morphodynamic vadabil4 of the 
Studland Peninsula reveals that the system evolved out of a series of inter-relationships 
between process, form and stage. 

The conceptual models outlined earlier in this research have been used to provide an 
understanding of the interplay between Studland Beach, Poole Harbour entrance and the 
Bournemouth frontage, illustrating the key transport methods operating within this system 
(Figures 2.1 and 2.2). The methodology used has provided a greater understanding of the 

morphological variation of the Studland system which has been created as a result of the 

complex interplay between these processes, time, scale and form. Over the past 500 years or 

so, variability in the Studland system has resulted from such sediment supply and process 
interaction, operating at a variety of spatial and temporal scales. 

Figures 4.3 to 4.8 show definite linkages between the Shoals of Poole Harbour entrance and 
the Studland Peninsula; the northern end of Studland has prograded relative to the initial 

shoreline, whilst the southern end has remained relatively unchanged. The northern 

progradation is most likely to be linked to morphological variation in the ebb tidal delta (Figure 

4.26) and a decrease in the size of several of the sand shoals. This variation has not remained 
constant over time. The changing shoreline position calculations illustrate that Studland has 

altered over time (Tables 4.6 to 4.8; Figures 4.14 and 4.15), suggesting phases of erosion and 

accretion. 

The aerial photographs show little change has occurred in the planform of the beach system 

over time (over the last 60 years). Most change has been alteration of the system either 
through World War Two damage or human intervention as a result of development of the Knoll 

Beach caf6 and sea defences (Figures 4.21 to 4.23). Alteration has occurred over time in the 

dunes either through development or stabilisation. 
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The subsurface profiles show a series of reflections which vary along the traverse (Figure 
4.25). The data illustrate offlapping and onlapping ridges, indicative of shoreline change and 
alteration to the sedimentary environment. They also illustrate a definite boundary in a similar 
position to the Bagshot bed cliffline. 

Bathymetric surveys show very little change over the survey period (Figures 5.1 to 5.6). Small- 
scale changes occur which could be indicative of seasonal sediment movement. 
Contemporary seabed morphological patterns reflect the historical morphology with a definite 
trend towards northward deposition and little sediment in the southern end of Studland Bay. 

Topographic data collections show several different changes occurring along the beach. 
Firstly, the profiles show morphological features and outline how they change along the beach 

and across the shore. Morphological definition varies spatially and temporally. More defined 
features occur in the north of Studland Beach in the south, and vary considerably. There is 
less morphological variation in the southern profiles than the northern profiles. Profiles are 
narrower and lower in elevation in the southern end, partly because of sediment availability, 
morphological variability and the nature of the backshore. The profiles show there are several 
distinct patterns to the change at Studland, both temporal and spatial, allowing discrete sets of 
profiles to be grouped together to illustrate spatial and temporal characteristics (Table 6.1). 
The profiles also show seasonal variability with a distinct summer and winter change to the 

profile outline. The profiles reflect changes in local meteorological conditions as well as 
boundary conditions with waves and tides, and process. 

The profiles are indicative of process and stage relationships. Behavioural patterns can be 

observed from the profiles on their own. However, it is only with the inclusion of time series 
analysis, that a real picture of the behaviour of the Studland system has been outlined and 
modelled. The time series analysis has grouped profiles together to demonstrate distinct 
behaviour patterns which vary in time and space according to local meteorological conditions 
(Table 6.1). The time series analysis also demonstrates beach response which varies in the 

northern and southern sectors of the beach (Tables 6.1 to 6.5). Inclusion of local 

meteorological data is useful because it can be used to indicate shoreline response and 
behavioural patterns. The inclusion of the meteorological parameters illustrated the importance 

of on-offshore and parallel winds, as well as the effect of atmospheric pressure on changes to 
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the shoreline. 

Sediment size analysis illustrates differences in the sediment size according to beach zones 
(Figures 5.29 to 5.31). There is some variation with distance north compared to the south but 
this is not very clear. The sediment size analysis also demonstrates that it is a limited indicator 

of shoreline change and longshore/cross-shore drift directions and on its own is not a beneficial 
tool for measuring shoreline behaviour and morphodynamic response. 

Individually, each of these methods says very little about the beach system. However, as a 
group, the results reveal particular facets of the beach's geomorphology. Only as a combined 
set of results and analyses, do these contribute to understanding the beach system. 
Combined, the data demonstrate that Studland Peninsula operates as a complex system under 
a nested hierarchy of spatial and temporal scales. From this deduction, the results can be 
discussed in the context of scale, process and form. 

The controlling variables, when undertaking the experiment, are time, data collection methods 
and designing the methodology for data collection. An externally important issue is making 
sure there is enough data collection, and at the right sampling scale (both temporally and 
spatially) to understand the system and pick up all of the change occurring within the intervals. 
In order to understand morphological variation on the range of scales that have been examined 

within this thesis, it has been crucial to monitor intensively over a regular sampling period, and 

along profiles that are closely spaced together. The author has discovered morphological 

variation is an important variable. As a result of the findings of this research, two models have 
been developed to outline the understanding of the Studland system and will be discussed 
further in this chapter. 

On the basis of the results, an advanced level of thinking and understanding about beach 
behaviour models and the complexity of the Studland system has occurred. The results have 

achieved a greater understanding of the types of methodological techniques to be used, and a 

comprehension of the spatial and temporal limits of not only, field data collection, but also 
beach system behaviour. However, the results have also shown that there are several 
limitations. These are outlined in the following section. 
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7.1.1. Limitations of the results 
While the GPR data only provided information for one profile in the backshore environment of 
Studland Beach, it also provided corroborative evidence for linking large-scale features to the 
micro-scale and also a window for viewing substrate features which link historical features to 
the present. The contemporary processes which form bars, berms and other beach 
morphologies today, may one day be preserved as similar features as those found in the 
onlapping and offlapping forms of the GPR data. The GPR data provided a link between the 
historical charts and contemporary processes. The charts do not provide observations of 
process and small-scale beach forms, just large-scale beach planforms, whereas the GPR give 
an insight into those historical beach forms. Similarly, whilst sediment size analysis was used 
to infer sediment size variation within zones and in the longshore direction, it did not add 
anything significant to the Studland system's conceptual model. There was insufficient 

evidence to suggest a strong south-to-north longshore drift, for example. The data suggested, 
however, that sediment size varied within the three beach zones, which is a good indicator of 
the sediment transport processes operating. 

It has been more difficult to define dominant processes within a beach than previously thought, 

particularly on the larger timescale. Historical evolutionary models have been an important 

component of defining a system but the important processes operating and their rate could not 
be quantified. The historical archive has been important to show how systems evolve on a 
larger-scale but could not provide answers as to why. Although shoreline change and 
movement were defined for the long-term, the rates calculated were only an average, giving an 
indication of beach mobility for the duration. However, they did not illustrate the pattern of 
movement in between, on the shorter timescales. 

A large data set is required to understand the beach over various scales although it is 
insufficient to make future predictions. The need for high quality data encompassing coastal 
evolution from yearly to decadal scales is significant and the lack of data over these scales is 

one major obstacle for understanding and predicting the beach response. This is similar to the 

suggestions postulated by Larson et al. (2003). Additionally, it is not possible to accurately 

outline the Studland system's behaviour in relation to the ebb tidal delta. It has been 

complicated because of external variables such as weather, waves, winds, tides, the offshore 
system, human behaviour and the backshore inputs, as well as the actual sediment volume 
transported between the shore and the ebb tidal components. 
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The research has demonstrated the possibility of quantifying changes within a beach system 
over various scales, both spatially and temporally. Temporal variation was reviewed but was 
difficult to measure because of the scale at which processes operate. Certainly, the Studland 

system evolved over the past four or five hundred years, and within that time there were 
smaller-scale processes operating; concluding that the Studland system was functioning on a 
nested hierarchy of processes and timescales. Spatial change was reflected in the range of 
features studied, operating over various scales such as beach planform, profile, zone and unit 
as well as the shoals of Poole Harbour entrance and Bournemouth frontage. 

7.2. Profile behaviour 
The results have shown that a beach profile varies over time, both with the tide and seasonally. 
The data suggest a typical winter/summer series of profiles exhibiting differing morphologies. 
However, on further inspection, this relationship is complicated by geography and spatial 
variation (Table 6.5). Additionally, these profiles differ in beach width, elevation and 
morphology across the board. Geographical relationships occur in which the distal ends of 
Shell Bay have less morphological variability than the central profiles, for example. Wider 

profiles exist in the central sections of the beach. Here, the beach consists of higher dunes, a 
wider intertidal zone and a well-developed intertidal berm system. Furthermore, the northern 

section of Studland Beach demonstrates similar tendencies to the centre of Shell Bay. This 

contrasts with the profiles of southern Studland Beach where elevation is low, beach width is 

narrow and morphological variability is limited. 

7.2.1. The profile life cycle 
The research, particularly the time series analysis, has shown that a change in beach 

morphological variability is determined by the maintenance of morphological structures. This 

success can be changed spatially, seasonally and annually, within the tidal cycle and due to a 

storm. Within this section, there is a brief description of the changes occurring which affect the 

beach life cycle. The beach life cycle consists of three stages: 
1. Initiation; 

2. Growth; 

3. Decay. 
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7.2-1-1. Initiation 
Initiation controls the success of morphological variability. Initiation is the first stage of the 
profile life cycle where morphological features are first initiated. It is dependent on sediment 
Supply. Initiation could be swash bar or break point formation. Features initiated above the 
intertidal zone could be embryo dunes, for example. 

7.2.1.2. Growth and decay 
Growth and decay is dependent upon how successful feature migration is; the abundance of 
sediment supply; and favourable conditions. In this case, swash bars are a good example. Bar 
welding is a key process, as well as the increase in elevation of the swash bars. Controlling 
this change is the increase in a bar's susceptibility to resist erosion from higher wave energies 
as the bar increases in size, and migrates landward. During erosional events, the beach is 

effectively flattened, allowing the breakpoint bar to move landward (Figure 6.20). Excavation 

creates bars from surface sediment which move landward over time. During summer or calm 
conditions, bars coalesce with the berm to increase the berm size. 

Both decay and growth are linked to the sustainability of the feature. Time affects beach 

variability, both geographically and spatially. Change between the two stages differs 

geographically, according to the morphology of the beach profile and susceptibility to change. 
Similarly, embryo dune growth is dependent on renewed sediment supply and also the 

susceptibility of the dune to resist erosion, particularly overwash processes. 

Tide-induced water level fluctuations inhibit bar formations. Such bars are thought to be 

primarily controlled by swash processes. Equally, if not more so, they are affected by breaking 

wave processes and migrate onshore under prolonged low energy wave conditions. Since the 
tidal range at Studland is small, ridge occurrence has been limited. However, after a storm, a 
flat profile occurred, perhaps lasting for three to four days. This led to initial profile modification 
with rapid growth, landward migration and welding of a small lens in the intertidal zone to form 

a convex profile and then a larger ridge on the low tide terrace. This large ridge subsequently 

welded to the shore to form a convex berm over two weeks. 

The narrower beach systems of the south of Studland Beach (Knoll, Middle and South 
Beaches) operate at different timescales than the wider beaches of North Studland Beach. 
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The severity of high magnitude events is much larger in narrower shorelines than wider 
shorelines; wider beaches are more variable in terms of morphodynamic input than narrower 
beaches and respond differently to high magnitude events. The effect of narrower beaches to 
storms has been more dramatic with beach stripping and a much longer recovery period, as the 
contrasting Fast Fourier analysis suggested in Studland Beach (north and South). Beach 

response is much more subdued in wider profiles to storms. 

7.3. Complexities of local variables and their influence on beach 

morphological variability 
Coastal areas constitute complex physical systems of high dimensionality where forcing acts at 
many temporal and spatial scales, often through complicated interactions and feedback 

mechanisms between the forcing and the system response (Larson and Kraus, 1995; Larson et 
al., 1997). At Studland Beach, the variations in size and spatial distribution of morphological 
features across the beach planform and within a beach profile represent different stages and 
levels of behaviour, as the morphological groupings of profiles have suggested. Table 7.3 

provides evidence of the importance of geographical variation, suggesting features such as 
Redend Point and the Training Bank influence beach response, affecting longshore drift and 
wave refraction. 

The beach consists of numerous landforms operating on different timescales and undergoing 
differing rates of susceptibility to change. These responses are induced by formative 

processes, and thus control the beach's morphodynamic nature. The beach can only change 
to external variables such as tides, winds and waves. The accumulation of sediment and its 

sustainability leads to change. The position of the features at the level of the boundary 
between beach and water is the catalyst for the response. Morphological variability is 

controlled by this envelope of process exchange on the beach, and the success of the beach 
life cycle, particularly in initiation, development and migration. It is also controlled by time. 

7.3.1. Spatial variation in beach width and morphology 
Spatial variation may be dependent on both process and beach morphology. Width variation is 

critical to the range of scales operating and is limited by time, scale and impact. This may 
produce spatial variations which affect the whole beach as sediment is moved along-shore to 
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fill the lowered areas, and controls the amount of erosion occurring. Beach width variation is 
more critical than the pattern of forcing factors (storms) which are just a by-product. A wider 
beach reduces storm impact, for example, as it is more energy absorbent, and aids recovery. 
Recovery depends on whether sediment is completely removed from the cycle resulting from 

spatial variation in seaward sediment transport. 

Spatial variability in Studland Beach is due to beach width, dune height, width of the intertidal 
zone and the offshore bathymetry. Wave focus and refraction are also important. The 
narrower sections of Studland are likely to be part of a wave focus. Sea defences and 
sediment availability are also important. Beach feed and sediment transport patterns could not 
be directly measured but it can be deciphered from the data that sediment feed is occurring. 

Morphological variability is consistent with beach width and susceptibility to forcing. The wider 
northern section of Studland Beach has greater topographical and morphological variability 
than its southern counterpart and is less susceptible to erosion. Profiles are convex where the 
backshore is lower than the intertidal zone, particularly in Shell Bay and northern Studland 
Beach profiles where the dunes are divided from the berm in the intertidal zone by a deflation 

channel/storm water drainage channel. Concave profiles are common in the southern end of 
Studland Beach and South Beach and are a product of wave energy, profile elevation and 
beach width. 

Most topographical variation is found within the north of the beach, where the beach is wider 
(Table 7.1). In the north, there is a greater amount of landform variation, accounting for profile 
variability and volume variation over time whereas in the south of the beach, there is less 

variable change because the beach is more erosional in profile. Data highlight a well- 
developed berm structure in Studland Beach north. Both wind and wave processes are 
important in their deposition. Along straight beach sections exposed to significant longshore 
transport, the difference between neaps and spring tide ranges is fundamental to the 
development of berms. Lower sediment availability means berms develop from onshore 

migration and welding of swash bars. 

7.3.1.1. Sediment availability 
Swash bars and sediment accretion determine the Studland system's variability, forming on the 
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beach breakpoint, induced by swash and backwash processes. Bar welding has been 
increasingly important with distance northwards, occurring when bars migrate landwards 
towards a dominant beach ridge system, eventually welding to the ridge in a migratory 
sequence in the summer. Landward transport of bar-stored sand serves to replenish storm 
damaged beaches. As swash bars approach the HWM, migration gives way to vertical 
accretion, plastering the ridge onto the upper beach. A series of recovery pulses, each likened 
to highly dissipative wave conditions, result in a series of swash ridges stranded on the upper 
beach. 

Profile variability and wider beach areas signify stability and accumulation. For example, Shell 
Bay consists of an arcuate dune ridge parallel to the foreshore. The dunes are low and eroded 
near to the ferry, progressively increasing in height up to a maximum at Pilot's Point. This 

change in dune height and width is reflected in the beach growth and width. Higher dunes are 
present where the beach is wider. Lower dunes nearer the ferry are more prone to erosion 
because the beach is narrow and inundated by waves more frequently. The berm is wide and 
high in the centre, reflecting variation in beach width, tapering off in the distal ends due to 

erosion and lack of sediment accretion. In contrast, South Beach is narrow, backed by either a 
storm beach with sandstone/limestone cliffs or sea defences. The berm is narrow and often 
poody-developed and swash bars along the LWM are sporadic. The scarcity of morphological 
vadability reflected the greater erosional susceptibility of South Beach compared to Shell Bay 

and parts of Studland Beach. 

Shoreline position changes due to system stability and sediment availability. Strong onshore 
sediment transport processes in the north are likely to lead to progradation. Lack of backshore 

sediment in combination with a lack of offshore sediment or intertidal morphological variability 
leads to erosion in the south (Figures 4.14 and 4.15). Impacts of human intervention in the 

south are also increasing the erosion risk in the south, where most of anthropogenic 
disturbance is occurring. The changes of today are little different to the historical changes. 
The northern progradation and the southern recession appear to be consistent with historic 

change (Figure 5.4). 

Offshore sediment is more prevalent in the north of Studland Bay. Erosion occurs in the south 
due to a lack of sediment availability, wave focus, lack of backshore sediment availability (lack 

of dunes), hard-rock geology and wave refraction. This is the likely reason for the north-south 
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divide. There is almost a pivot point between the two extents, but this cannot be defined. 
However, it is most likely to be at Knoll Beach. A wave focus causes change in beach width as 
the system tries to readjust to erosion at particular points along the beach. This is in 

Conjunction with embayment morphologies. Embayment morphologies a*re linked to an 
abundance of sediment within the nearshore and transverse bars (Figure 6.58). 

The summer intertidal berm is more prominent and better-developed, and the foreshore was 
much wider at Studland Beach. The LWM is dominated by an intermittent presence of 
nearshore bars. The duration of these, particularly in the 1990s, is unknown but they were 
present within most of the surveys during this time. The southern section of Studland Beach is 
less 

* 
well-developed, and undergoes less morphodynamic development. Bars and intertidal 

berms are less prominent than in the northern section and in some profiles, do not occur at all. 
South Beach, in particular, has poody-developed berm structures, although the beach gradient 
is much steeper than the topography demonstrated in other beach profiles. 

7.3.1.2. Tides 
Tides exert a considerable influence on the function of beach processes with the rise and fall of 
the water. The rate of tidal translation across the profile, which is a function of tidal range, 

stage and beach gradient, adds another level of complexity to beach morphodynamics and is 

responsible for the generation of numerous distinctive beach types as suggested by Masselink 

and Short (1993) and Masselink and Hegge (1995). Tides retard sediment transport and 

morphological change, inhibiting offshore bar formation and enhancing nearshore cell 

circulation in low tide conditions. As tidal range increases, longshore tidal currents become 

increasingly dominant in the lower intertidal and subtidal zone. Additionally, the gradient of the 

nearshore shallows and morphology becomes increasingly subdued and less mobile (Wright et 

aL, 1982; 1986; Jago and Hardisty 1984; Short; 1991; Masselink, 1993; Aagaard, 2002). 

Tides represent an additional level of complexity by introducing a temporal (over the tidal cycle) 

and spatial (across the intertidal profile) variation in morphodynamic processes (in a similar 
fashion to the tidal duration concepts developed by Trenhaile, 1983; 2001; and Trenhaile and 
Layzell, 1981). Within this study, it should be noted that in Shell Bay, the tidal translations are 

more important than wave climate because of its sheltered position. Additionally, the spectral 

plots indicate tidal translation is important with changes in magnitude and frequency within the 
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intertidal zone. Narrower intertidal zones have limited morphological variability. 

7.3.1.3. Erosion and accretion 
Several profiles show landward or seaward trends, illustrating shoreline progradation or 
regression. These trends are consistent over the last two decades. This is not reflected in the 
historical archive and HWM/LWM trends. The trends remain constant despite the fact that 
some profiles may be out of trend. Seaward change is influenced by the attachment of bars, 
longshore drift, and the development of rhythmic topography. Landward change is usually 
signified by erosion. 

Accelerated accretion or decelerated erosion results from greater sediment storage, whereas 
accelerated accretion or accelerated erosion suggests greater sediment transport. Large 
departures from the mean position (storm influenced shorelines) on a relatively stable beach 

represent noise and are not part of the signal whereas on beaches of moderate to high erosion, 
the storm influenced shorelines are part or most of the signal because those beaches do not 
fully or temporarily recover to their pre-storm position (Fenster et al., 2001). 

Natural morphological features also act as natural boundaries to the beach zones. The 
intertidal zone usually consists of a berm and the width of that berm delimits the intertidal zone 
width. The landward boundary of the berm usually forms part of the boundary with the 
backshore. Zonation differences occur which do not necessarily illustrate the overall long-term 

trend of profile and beach configuration. The intertidal zone undergoes erosion because the 

arc of the bay is receding. This means, that in order to adjust, the intertidal zone has to lose 

sediment. The dunes are accreting however, so some movement of sediment is probably 
landward. The LWM in Shell Bay is accretionary due to sediment being exchanged with the 
intertidal zone. The wider intertidal sections have wider dunes backing on to it. The intertidal 

zone affords protection to the dunes, thereby causing stability. 

Overall, the geographical relationship is based on longevity of longshore and cross-shore 
features. Geography and location are important (Table 7.1). It is where each variable fits into 

the system that is important. The shoreline orientation, shelter to wave energies, the ability to 

absorb energy, spatial abundance of offshore sediment and proximity to sediment source that 

are controlled by the geography of the site. 
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FACTORS GEOGRAPHY HOW FACTOR CONTROLLING UNIT TIME 
DEFINING CONTROLS INFLUENCES 
LOCATION BEACH 
Beach width North wider than Affects beach form Affected by offshore ST1-ST4 Higher magnitude 

Knoll, Middle. and morphological sediment source, local activity nearer HWM 
South Beach. development. geology, bars, and on narrow beaches. 

morphodynamics. Seasonal and monthly 
variation 

Geology Redend Point Affects beach Chalk cliffs - limited ST5 and 
controls wave sediment sources, sediment source. ST6 
refraction and wave refraction, Sandstone cliffs provide 
longshore drift. offshore sediment some sediment to 

location, and beach beach 
width 

Longshore and South had limited Affects beach width Affected by sediment SB1-SB4 High magnitude, 
on-off sediment transport and sediment sources, geology, seasonal variation 
sediment Abundant in north. source availability currents, waves, and 
transport tides 
Aeolian Shell Bay to Middle Aeolian processes Sediment availability SBI-ST6 Higher magnitude, 
processes Beach dominated control dune and beach width seasonal and annual 

by dunes. Knoll - growth: dependent. Stability variation 
degradation. embryo/foredunes. and 

avalanchinq/blowouts. 
Berm growth Well-developed in Affects beach Growth dependent on SB1-ST4 Seasonal and annual 

Shell Bay to Knoll response to local sediment availability, variation of high 
Beach. tidal conditions. beach width, tides magnitude within 

Intertidal zones 
Tidal limits and Tidal limit varies Alters size of Determined by beach ST4-S2 Weekly variation of 
elevation within system. intertidal zone and width and height. high magnitude at 

morphology. various stages within 
profiles. 

Human More Sea defences Sea defences, beach ST4-S2 
irnpacts anthropogenic cause erosion - huts, infrastructure, 

change at Knoll higher water table beach width, elevation, 
and Middle Beach. and narrower offshore sediment 

beach. Sediment source and availability. 
availability 
important. 

Offshore Northern section Location important. Waves, tides, currents ST1-ST4 Seasonal and monthly 
sediment influenced by important. Affected by change within LWM 
source/ Milkmaid Bank. Training Bank, wave and Intertidal zones. 
nearshore bars 

. 
2LerZ, currents, 

Table 7.1. Factors defining geographical variability of profile morphologies. 

7.4. Transition zones and beach states 
The research has identified there are transition zones along the Studland Beach system that 

represent changes in wave energy, morphological variability, sediment abundance and 

erosional or accretional states. Each transition zone has its own unique morphology as a 

response to changes occurring along the LWM and hydrodynamically. The transition zones 

vary from 'condition of beach lost', 'condition of status quo; and 'condition of beach growing'. 

Within each of these states, the beach may change morphologically, and a beach system may 

represent any of these stages over time. However, the modal stage of each beach can be 
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classified according to these terms. 

Beach lost is represented by a flat planated beach profile of low elevation, similar to 
those represented in Knoll Beach. Morphological variability is limited. Beach response 
is slow to recover. Erosion is rapid during storms. 

=> Status quo is represented by typical summer/winter variability whereby beach 

response undergoes rapid recovery and is often unresponsive to storms - storms often 
have limited impact. 

=> Beach growth is represented by greater morphological variability, such as that in the 

northern section of Studland Beach. 

The beaches undergo a transition stage at their boundaries. Middle and Knoll Beaches 

represent the state of beach lost. At the southern boundary of Studland Beach there is a zone 
which represents state of beach lost and the state of status quo. The status quo is the 
balanced beach representing normal beach conditions (accretion/erosion) or steady state 
equilibrium - typified by beach stage models. The more northerly extent of Studland Beach 

represents the state of status quo, and possibly an over-static state in which the beach no 
longer adapts to normal tidal conditions, and is growing. 

South Beach undergoes erosion because of a lack of backshore and offshore input, high 

presence of sea defences and a narrow beach. Potential sediment sources are low. The 

intertidal zone profiles are mainly erosive. The LWM shows less erosion and accretion than 

exhibited in any other beach zone, indicating some stability to this zone despite a low 

geomorphic development. Local geology is also pertinent to the lack of sediment availability. 
The generally degraded and protected northern part of South Beach provides little sediment to 

the beach, although periodic erosion and failure of the southernmost cliffs does replenish the 
beach. So, little sediment is provided to the beach from either the offshore direction or the 
backshore. At Pilot's Point and the boundary of Studland Beach with Shell Bay, the beach 

undergoes a transition zone between the status quo, state of beach lost and growth. At the 

ferry end of Shell Bay, the beach is in a state of beach loss. 

7.4.1. Bar development and foreshore progradation 
The morphodynamic response of the beach is greatest within the nearshore zones. The 
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temporal sequence of bar development illustrates there is greater beach stability where bar 
development is greatest. Nearshore bars often occur in both the intertidal and subtidal 
domains with all being affected by the flow field induced by incident waves (Wang and Davis, 
1998; Wijnberg and Kroon, 2002). At Studland Beach, bar development is spatially important 

with great development coinciding with the widest sections of the beach. There are different 
types of bars found at Studland, the most prominent of which are controlled by rhythmic 
topography. Rhythmic topography has been found to be significant at Studland. This set of 
features ranges from cusps to large embayments. Cusps are regular features along the whole 
of the beach system, whereas embayments are only found along Studland Beach. 

The northern section of Studland Beach is more developed than its southern counterpart in 
terms of geornorphological structures. The dunes are larger, more vegetated and less 

susceptible to erosion. Seasonal profiles exist along the whole of the Studland Peninsula with 
a definite accretionary summer profile and a definite winter profile, although this is variable 
along the beach and varies according to beach width and dune height. The intertidal zone is 
the most variable zone according to the standard deviations. Sediment transfer is likely to 

reflect this variability with substantial exchanges of sediment occurring with changing tidal 

positions. 

Foreshore progradation can produce a series of broad swash bars on the upper foreshore 

which coalesce into a berm. Prior to the highest spring tide, series of swash bars form at 
progressively lower levels of the beach. On spring tides, the swash bars either migrate 
landward, especially in summer, possibly coalescing to form a beach berm, or are eroded - 
depending on the prevailing wave conditions (Carter, 1976). Bar attachment may be related to 
longshore migration of both the bar and the attachment resulting from the persistently high 

angle of wave approach, sediment source locations, and local variations in shoreline 
crenulations (Short, 1975). During storms, wind generated waves and currents actively rework 
the bars. High energy conditions cause shoreline retreat with low energy conditions permitting 
the shoreline to return to near its original position. Swash bars weld onto the beach in very low 

wave energy conditions. During high energy periods, the bar is abruptly displaced seaward 

with changes in relief caused by trough excavation and bar deposition (Hayes et at, 1970; 

Davis and Fox, 1972; 1975). 

Where well-developed and numerous, these bars adjust the on- or offshore sand transport, and 

320 



may be more important than littoral drift. Wave-produced currents move sediment either 
seaward or landward. The beachward current transports sediment to the beach but the return 
currents were insufficiently strong to carry sediment away resulting in the short bars carrying 
sediment to the littoral drift current along the beach. Where this sediment meets the beach, a 
cusp-like feature may form on the face (Niedorada and Tanner, 1970; Barcilon and Lau, 1973). 
The bar is maintained by aiding sediment transport as a result of establishing a subtle and 
effective nearshore circulation pattem, transporting water seaward from the surf without rip 
currents (Niedorada and Tanner, 1970). 

Sediment recharge and movement of natural morphological features on the smaller-scale, such 
as between the berm, dunes and bars maintained an interconnection between all of the 

systems, particularly through spatial progression. Spatial progression and the presence of 

rhythmic topography is one of the main features controlling spatial change along the beach. 

The natural morphological features of Studland Beach connect the beach zones by sediment 
feed. Bars, the commonest form of beach feed, exchange sediment to the intertidal zone from 

the LWM by attachment. Dunes feed the intertidal zone via dune undercutting and sediment 

release. 

Berms are either related to bar welding, or are ephemeral features formed from onshore 

sediment transport. Active wave processes in northern Studland Beach produce a well- 
developed berm structure. Lower sediment availability means berms developed from onshore 

migration and welding of swash bars. Landward transport of bar-stored sand serves to 

replenish storm damaged beaches. As swash bars approach the HWM, migration gives way to 

vertical accretion, plastering the ridge onto the upper beach. A series of recovery pulses, each 
likened to highly dissipative wave conditions, results in a series of swash ridges stranded on 
the upper beach, as exemplified in ST1 and ST3. Swash bars and sediment accretion 
determine Studland Beach's variability, forming on the beach breakpoint, induced by swash 

and backwash processes (STI). During each period of high energy, the bar is abruptly 
displaced seaward with changes in relief caused by excavation of the trough and bar 

deposition. Swash bars form an integral part of the low tide terrace with drainage channels 

termed Tunnels' (Profile 36) (Figure 5.51). At low tide, the swash bar is exposed as a shore- 

parallel ridge developing on the low tide terrace during constructional beach phases. 
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7.4.2. Rhythmic topography 
Figures 4.19,4.20,6.58 and 6.59 show that rhythmic features dominate the foreshore of 
Studland Beach. They are particularly important because their dimensions allow (a) lowering of 
the beach and (b) direct wave attack on the dune toe. If ords (or rhythmic topography) migrate 
then their movement along-shore means that the position also moves at which erosion of the 
dunes and thus transfer of sand from dune to beach to shallow water occurs. This may 
account for the measured tendency of individual profiles or erode whilst adjacent profiles fill. 
There is some agreement that a tendency to persistence is associated with strongly consistent 
wave directions, as at Studland. Observations by the author show (a) these are rhythmic 
features; (b) they are quasi-stable or mobile (c) that this is reflected in the behaviour of 
adjacent profiles. 

Elsewhere these features have been explained by Johnson (1919), Wemer and Fink (1993) 

and Coco et aL (1999) suggested cusps in particular were associated with self Organisation 
where features develop by positive feedback between swash flow and morphology. Wemer 

and Fink (1993) amplified this model by suggesting that on a straight beach, there was self- 
Organisation whereby beach sand moves along the shore, accumulating in pockets. 
Subsequently, the beach moves through a series of temporal stages and states to achieve 
equilibrium associated with waves regimes (Wright et al, 1982; 1984). This is similar to that 

suggested in Table 7.6. Models for the development of rhythmic topography soon evolved into 

classification systems based on spacing or forcing factors. Sonu (1973) and Shod (1999b) 

described rhythmic topography as being part of a classification model. Komar (1983) 

developed a classification for rhythmic topography where the origin of cusps and embayments 
can be attributed to different processes of waves and currents. Within this classification, 
Komar included reflective beach cusps, rip current embayment cusps, transverse and oblique 
bars and the crescentic bar-cusp system. However, there has been relatively little discussion 

of these features of their role in the whole dynamics of the beach-dune system. The evidence 
at Studland showed them to be important. 

Where the water table is high, rhythmic topography features or ords were less well-developed, 

as within Knoll/Middle/South Beach. Figures 4.19 and 4.20 show that these features were 

present in the 1950s. It is possible that the water table was lower then because there was 

more sediment on the beach; and certainly there were no sea defences within the backshore 

as at present. Sea defences can lower the beach profile elevation leaving the water table level 
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nearer the surface. The scale of these features is important in that bars represent the smallest 
and most sensitive features with embayments and low tide terraces representing stability. The 
low tide terraces are the most stable section, even though they are undergoing several 
developmental stages. 

If large rhythmic features, such as 'ords', migrated, then the same effect is likely to occur, 
regardless of whether the formative events have increased in frequency. Longshore sediment 
contributions cause the ords to move in response to changing wave conditions which alter in 
response to changing beach width (the morphodynamic paradigm). Rhythmic topography is 
often related to en echelon bars and cusps. Recession is slow where there is a high beach. 
Motion by infilling by shoreward moving sediment at the northern end and moving away of the 
higher beach at the southern limit of the ord by storm wave induced longshore transport. This 

regularity at very large intervals is unusual. Embayments modified currents and wave 
refraction patterns, often resulting in slightly narrower beach profiles where they form. The 

sustained activity of the longshore current is important to their formation. 

Most classifications are divided into stages with transverse bars, bar welding and low tide 
terraces, often based on dissipative/reflective energy regimes. Decreasing wave power causes 
crescentic bars to be formed into welded bars and then low tide terraces. In an accretionary 
mode, the nearshore bar migrates to the shore and welds to it (Figures 2.3 and 2.4). As bars 

migrate landwards, standing shore-parallel waves in the surf zone are replaced by standing 
edge waves, initiating cell circulation. Transverse bars act as a focusing lens for advancing 
waves. Bar attachment may be related to longshore migration of both the bar and the 

attachment resulting from the persistently high angle of wave approach, sediment source 
locations, and local variations in shoreline crenulations (Short, 1975). During storms, wind 
generated waves and currents actively rework the bars. Stable parts of the beachface usually 
occur landward of sand bars. More variable parts of the beach occur landward of areas where 
rip currents develop (Clarke et aL, 1984). 

Transverse bars are related to rhythmic topography and are often associated with cusps and 

crescentic bars. The rhythmic topography consists of a nested model in which cells and zones 

operate on multi-dimensional scales (Figure 7.3). It is possible that there are different phases 
within the beach profile as well as along the beach. A phase is the temporal scale of 
behaviour. 
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1. Main beach with log spiral 
f0m 

2. Large rhythmic features 
with wavelength of 150- 
200 m 

3. Cusps within 2. Small 
scale - quasi stable 
features upon which 
ephemeral features 
operate 

4. Modified cusps with 
seepage steps 

Figure7.1. The nested model of scales and features at Studland Beach. 

Small-scale adjustments may be controlled by antecedent topography and accumulate to 

influence long-term change in beach variation. It is unknown whether small-scale features 

influence historical evolution, but antecedent topography is likely to impact on the small-scale 

process, perhaps in terms of feedback or adding to net gains and losses. 

Wright and Short (1984) suggested transverse bars develop in accretionary stages when the 

horns of pre-existing crescentic bars weld to the shoreface. Low tide terraces are formed by 

bars just below the water line from dissipative wave energies. Each developmental level 

represents spatial stability and several phases of accretion. It is possible that the rhythmic 
topography is formed from the regular spacing of the bars and channels inducing rip currents 

and a combination of wave directions and edge waves produce this regularity. These stages 

could be out of phase with each other and represent either different stages of response or 
different stages of stability. The rhythmic topography is considered to have developed out of 

several stages consistent with the transition stages as introduced by Sonu (1973) and the 

spatial patterns of the Short and Wright (1984) model (Table 7.2). 
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STAGE DESCRIPTION SPATIAL LOCATION 
I Straight Beach Middle/Knoll Beach 
2 Longshore bar/crescentic bar Centre of Studland 
3 Transverse bars and rips Centre to north of Studland 
4 Oblique and normal waves caused by Alongshore 

wave reflection from the Training Bank 
and wave refraction 5 Low tide terrace Pilot's Point 

Table 7.2.. Transition stages of rhythmic topography occurring at Studland Beach (based on Sonu, 1973). 

Within the Studland system, it is possible that transverse bars, crescentic bars and cusp 
system represent different stages of development. It is plausible that these features could be 
another example of the beach or nearshore reaching equilibrium. These features could be 
spatially related by process or time. The rhythmic topography may be operating on timescales 
several orders of magnitude bigger than cusps or bars. They appear to be quasi-stable but the 
time periods involved are uncertain. These features, although monitored over three years, may 
be operating on a five/ten year cycle so change will not be as evident as seasonal beaches in 
the planform, for example. The presence of bars represents the initial stages of rhythmic 
topography development (and perhaps the most unstable part of development). Ords and 
embayments represent intermediate stages and the low tide terrace represents the equilibrium 
phase of the development. 

The sustained activity of the longshore current is an essential condition for transverse bar 
formation found in areas sheltered from waves, causing them to migrate (Gelfenbaum and 
Brooks, 2003). These bars adjust the on- or offshore sand transport, which may be more 
important than littoral drift (Shepard, 1950; Niedorada and Tanner, 1970; Barcilon and Lau, 
1973). 

7.4.3. Drainage Channels 
The drainage channels occurring in the backshore and perpendicular to the shore are important 
features along the Studland frontage (Figure 6.54). The channel width changes according to 
the volume of storm waters accumulating in the backshore. The drainage waters illustrate the 
intensity of overwash and backwash processes, causing a significant impact on the beach 

profile and the backshore. Where the channels cross the intertidal zone (perpendicular to the 

shore), they alter the stability of the system. The drainage channels that break through the 
berm are significant because they alter the stability of the intertidal zone, making the backshore 
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more susceptible to flooding. The drainage channel lowers the beach profile significantly 
leaving a step-like feature delineating the difference in the drainage channel environment and 
the backshore. 

7.5. Importance of temporal variation 
Not only is spatial location of profiles important, but time is crucial too. The sequence of 
morphological change in a profile is controlled by the response to time within the tidal cycle, 
seasonal change, annual variability and longer-term change, as well as response to the 
duration of forcing factors, their occurrence, the time at which they occur, sediment transport 

parameters, and noise within the system. Clearly, profiles respond in different ways and are 
influenced by process. 

Temporal variation is crucial to beach response to forcing factors, and related to three- 
dimensional morphology, process, sampling intervals and seasonality/periodicity. Only with the 

added dimension of time as a nested, hierarchical process from the long-term to the annual, 
seasonal and tidal secular scales, could the morphodynamic variability of the Studland system 
be understood. As time and space dimensions change, cause-effect relationships are 
obscured or reversed, particularly with seasonal, tidal and annual responses. Tidal alteration of 

swash bars is obscured by longer-term seasonal responses to the beach itself, for example, 

and regarded as 'noise' in the system. 

Timescales are nested according to the spatial survival of morphological change. Survival is 

not only dependent on the ability of a feature to withstand energetic processes, but it is also 

about timing of events and also maturity of the feature. Maturity is linked to the spatial situation 

of a feature. Over time, smaller scale temporal processes become noise to the system. 

Within the historical and geological timescales of changes operating, there are also decadal 

changes, annual changes, seasonal, monthly and daily. The Fast Fourier Transforms have 

corroborated fieldwork to demonstrate the processes operating on a small-scale over an annual 

timescale. The budgets show the changes occurring within the beach system annually, 

whereas the bathymetric charts of the 1990s and 2000s illustrate little change occurred on the 

seabed. It is possible to quantify the morphodynamic variability from several profiles (or an 
individual profile) over a variety of timescales from the annual to the weekly scale, if 
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meteorological data is used to corroborate the changes occurring. There are various stages of 
behaviour and each profile exhibits various trends. Beach behaviour is not static, Although at 
the outset, a beach system appears to have an annual and seasonal trend, the beach system 
and the timescales over which it operates are more complicated than that. Individual profiles 
operate on a different timescale to an adjacent profile or parts of a profile with contrasting 
magnitude and frequency trends. Their behaviour is dependent on their response and their 
potential morphological stability. It is possible to divide a beach into profile units exhibiting 
similar timescale trends (Table 6.5). 

The research does not provide an answer as to whether each feature operates on the same 
timescale. Time series analysis illustrates a high variability, particularly when related to 

weather data and also morphodynamic change. Successive weeks illustrate beach variability 
scales within a certain profile. It could only be inferred that the varying timescales of profile 
response on the short-term and on the small-scale are reflected only as a cumulative effect 
over the long-term. It is presumed that beach erosion leads to offshore growth and exchange 
of sediment to the ebb tidal delta system and possibly along the rest of the littoral cell. 
However, due to the scale of these systems changing exponentially, there is no way of telling 
how sediment loss from the beach impacts on the larger-scale forms and on the longer-term. 
The time taken for sediment loss from the beach to impact on the adjacent areas, and vice- 
versa is also unknown. 

Over the long-term, the historic data suggests that the Studland system contributed to the 
larger littoral cell through longshore drift in a south to north direction and also fed sediment to 
the ebb tidal delta. The ebb tidal delta was the pivot for sediment exchange between 
Sandbanks and Bournemouth frontage and Studland Beach. The growth in the sand shoals of 
Poole Harbour entrance was related to sediment exchange from Sandbanks and Studland 
Beach. The contribution of each beach and the rate of exchange was not quantified. 

Overall, the beach's long-term trend suggests profiles have similar tendencies, demonstrating a 
behavioural pattern, although there are anomalous signals. Some profiles exhibit equilibrium 
trends with a constant exchange of sediment, perhaps with winter loss and summer gains 
(Table 7.1). The long-term trend may not reflect short-term changes, however. Some profiles 

are predominately accretional because of constant sediment exchange between all three zones 

and the remainder of the beach (Table 5.5). They were more stable than their erosive 

327 



counterparts due to stability in the morphological system. They may have had a higher 
propensity to absorb higher wave energies due to beach width or bar/berm growth, and 
responded quickly to higher magnitude events. Erosive beach areas are a focus for erosion 
due to offshore sediment deficiencies, narrow widths, and they have a lower beach 
morphological variability, i. e. berm growth is weak, or the intertidal zone is narrow. 

Some profiles show they are out of trend where the loss was greater than or less than the 
amount of growth (Table 5.5). Instability is due to several reasons including sediment surges 
or pulses, erosion of bars, growth attachment, rhythmic topography, increased wave erosion, or 
meteorological conditions. Positions of profiles are important. Profile 38, for example, is out of 
trend perhaps because of the rhythmic topography or sudden input of sediment from the dunes. 
Alteration of profile morphology between neighbouring profiles signifies longshore pulses in 
sediment transport but also longshore migration of rhythmic topography. 

Generally, short-term morphological processes are dominated by time-varying phenomena 
such as waves, winds and tides. Most of their effects, however, average out in the long-run. 
The annual and seasonal signatures suggest a system that is trying to maintain a sediment 
balance. On the large, historical scale, the offshore system and sediment exchange are less 

muted than on the small-scale, contemporary system. From the offshore data, change is 

Occurring that affects the beach and adjacent beaches but this may have been a background 

effect to the changes actually operating within the beach system. In the historical archive, the 

morphodynamic processes are the background effect and are more muted than the grander 
scale sediment exchange. However, the short-term processes are irrelevant to the historical 
Umescale. On the short-term, historical timescales are background effects. Obviously, they 
impacted on the system's footprint but it is the cumulative effect of the shorter-term processes 
that have impacted on the contemporary processes. 

At low frequencies, beach variation may still be significant but muted or hidden by more 
dynamic high frequency variations. A profile may respond to a given wave input during a single 
day but if the beach profile is monitored over a longer period, it will be seen to respond to the 
long-term variations occurring in the beach plan shape. Response patterns may be predictable 
and exhibit seasonality. However, the results of this research illustrate that the short-term 
changes are as important as the medium-term in beach response. The study illustrates not 
only specific processes at spatial timescales but the interlinking between them. 
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Wright and Short (1984) suggested beaches vary temporally with changing wave conditions 
and both the modal conditions and range of time variations vary spatially with environmental 
condition. At Studland there are dramatic differences between Studland north and Studland 

South, and also beach areas with a lack of dunes and/or a lack of high profile variability. For 

example, the response of S1 differs dramatically to that of ST1 due to sediment availability, and 
response to hydrodynamic factors. STI is more stable than S1 and less likely to undergo 
erosion. 

Over the long-term, a beach will exhibit a modal or most frequently recurrent beach state which 
depends on the environment. Associated with the temporal variations of beach state around 
the modal state, at Studland Beach, are the corresponding variations in shoreline position and 
profile shape over time, hence a close association with modal state and beach mobility. This 

varies between different beach systems. The modal state for Shell Bay differs from the north 
and Studland Beach south due to shoreline orientation and sediment availability. The south of 
Studland Beach has an erosive modal state due to lack of offshore and backshore sediment 
supply whereas the north of Studland Beach and Shell Bay are modally accumulative. 

Identifying change at the large-scale may contradict behaviour on the smaller-scale. For 

example, Studland Beach has accreted on the large-scale in the north and eroded in the south. 
However, if a set of profiles was taken for a particular beach area, these profiles may not 

necessarily reflect this trend. There are profiles exhibiting erosion in an accreting zone, and 

accreting profiles in a commonly eroding beach area. Subdividing the profiles into shore 
zones, the backshore/dunes, intertidal and LWM may not reflect the same pattern as the 

profile. It is not just the overall net gain or loss that is important, but the overall temporal and 

spatial profile behaviour. Profile response delimits the behaviour, as defined by the profile unit 
categorisation (Table 6.1). 

Time and process are interlinked and control the beach's geomorphological variation, either on 
the short-term or within the long-term. This research has identified not only specific processes 

occurring at specific timescales but the interlinking between them. Schumm and Lichty (1965) 

believed there were distinctions between cause and effect in the changing morphology of 
landforms which were dependent on the timespan involved and the size of the geomorphic 

system under consideration. For example, the long-term variation of the system is possibly 
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controlled by what we now know as small-scale, 'frequent' bar migration and welding. The 
contemporary evidence suggested this. The historic evidence suggested there was on- 
offshore sediment movement causing seaward movement of the beach. The accumulation of 
these sequences of events, over the long-term, caused sediment accumulation and shoreline 
progradation to form a large-scale landform. Importantly, the initial cause of the build-up, the 

sediment source and the triggers for such substantial sediment movements were unknown 
because there were no data prior to the 1600s. 

7.5.1. Feedback 
Cowell and Thom (1994) suggested feedback was responsible for making the evolution of 
coastal morphology particularly self-determining, since the operation of the system and its state 
at any instant is affected by the antecedent topography - i. e. there is a state dependence 
(Bennett and Chorley, 1978). Non-linearity involves interdependence of morphodynamic states 
through space and time i. e. they are state determined. Morphodynamic adjustment of the 
Studland system is modulated by the frequency response characteristics which reflect the way 
changes in sediment masses lag behind variations in environmental inputs. 

It is the sustainability and cumulative effects of a feature which contribute to the long-term 

trend. Put differently, the survivability of a feature contributes to the long term trend. The 

southern end has poor survivability whereas in contrast the northern end of Studland is more 

successful because the features are allowed to migrate up the beach, contributing to the 

morphological variability and greater adaptability. 

7.5.2. The relationship between the ebb tidal delta, beach and offshore 
The initial cause of shoreline progradation is unknown but it is likely to have been caused by 

change in the depositional environment offshore, mainly the ebb tidal delta. The historical 

archive demonstrated a definite pattern of change between the offshore zone and the shoreline 

change. This rate was variable and changed according to hydrodynamic conditions, sediment 
dispersal and rate of sediment transport. It would also have been affected by changes in water 

speed and depositional and transport competency, as well as erosional capacity. However, 

caution needs to be used in using these rates of change because they are dependent on the 

historical charts and are not definitive. 
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Shoreline positional changes suggest a spatial and temporal variability within the shoreline 
according to migration of features alongshore and on-offshore sediment transport (Table 4.6). 
Increased shoreline change is due to bar welding leading to progradation. Reasons for rate of 
change could be due to changing wave condition and longshore currents as well as sediment 
availability. Construction of the Training Bank as well as sea defences could also be another 
reason for shoreline change. 

The LWM and the HWM would migrate at a different rate according to profile morphology, 
morphological variability, beach width, sediment availability and profile elevation (Figures 4.14 
and 4.15). The north-south contrast may be due to increased northwards sediment drift, 
attachment of bars in the north which was not happening in the south. The presence of a hard 
backshore suggests sediment scour increased on narrower southerly beaches, providing 
increased potential sediment for the northwards transport, increased wave foci in the south due 
to the local configuration of the coastline and lack of offshore sediment and increased sediment 
exchange for Milkmaid Bank to the beach. The absence of a significant southern sediment 
supply means that wave energy was allowed to concentrate in the beach's southern end. 

Some profiles indicate a landward movement of the HWM and a seaward movement of the 
LWM (Figures 4.14 and 4.15). This suggested shoreward progradation and an increase in the 
intertidal zone. Other profiles (e. g. 35,36,38,40 and46) have shown intertidal width decline, 

resulting from seaward progression of the HWM and landward movement of the LWM between 
1987 and 2003. This possibly has repercussions for the stability of the shoreline with increased 

potential for dune undercutting, less potential aeolian transport for the dunes and less berm 
development. These areas may have a reduced intertidal width due to changes in the offshore 
topography, lack of development of onshore bar movement or may be affected by rhythmic 
topography and the development of embayment features. On the arcs of rhythmic features, 
there was usually a decrease in shoreline width. Other reasons for this erosion may include 
increased erosion offshore because of a wave energy focus, wave refraction, rip currents or 
alteration of currents/morphodynamics because of dredging or sea defence construction. Allen 

(1981) discovered large spatial variations in longshore sediment transport result from 

differences in wave refraction energies and inter-segmental sediment transport at Sandy Hook. 

The system has been maintained by the currents, wave patterns and sediment availability 
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within Milkmaid Bank causing shallow water and quiescent water conditions allowing 
sedimentation. Localised change in the morphology could be due to changes in wave 
refraction patterns. The triggers for the nearshore features are sediment availability, deposition 

of sediment at the LWM, morphological variability, time and localised meteorological forcing 
factors. Sediment transport is also important. 

Spatial differences between beaches can be explained by shoreline orientation, sediment 
availability, morphological variability, beach width, backshore conditions sediment availability 
offshore and also wave and tidal influences. There is a north-South contrast on the seabed 
because of the influence of the Swash Channel and Milkmaid Bank. This causes changes to 
the longshore currents, influencing the direction of the currents as they exit from the Swash 
Channel and round the bay in a circulatory motion (Figure 2-1). 

The historical archive suggested a gradual increase in the size of Studland since before 1745. 

Previous researchers (e. g. Diver, 1933; Robinson, 1955) did not suggest a sediment source, 

and this has still not been identified, although it is widely recognised that the Pleistocene was 

responsible for substantial increases in sediment availability in harbour entrances, similar to 

Poole Harbour. West (2004) suggested large sediment pulses appeared to move from Hook 

Sand south-westward into Studland Bay. 

The author has linked the maintenance of the Studland system to sediment exchange between 

the shoals in the Poole Harbour ebb tidal delta system and the beach. The change in shoreline 

size is linked to the change in the offshore system and localised sediment transport processes 

along the beach. Area measurements and the depth figures for a selection of the navigational 

charts show that when sediment was removed from Hook Sand and Milkmaid Bank, there was 

an increase in the shoreline's size (Tables 4.2 and 4.3). There were three rapid increases in 

area between 1745 and 1970: 1745-1849,1910-1912,1934-1947 in the shoreline, Hook Sand 

and Milkmaid Bank. Morphological changes may be due to changes in wave energy, 

alterations to currents or additional erosion from adjacent beaches depositing sediment within 

these shoals. The changing morphology of the shoals would alter wave attenuation and 

possibly change current directions, thereby protecting the shoreline morphology. The shoals 

would have acted as a buffer shoreward of the beach, inducing progradation. 

In 1890 sea defences were built in Bournemouth, possibly impacting on the offshore sediment, 

332 



perhaps reducing the sediment feed from the cliff erosion to the offshore system (Lacey, 1984). 
Shoreline defences affected drift reversal meaning less sediment was transported to Hook 
Sand and beyond. In 1869, the breakwater was constructed, affecting northwards sediment 
transport along Studland Beach and its subsequent transfer to Hook Sand. The possible 
process of sand transfer from Hook Sand to Studland Bay is reflected in contemporary 
research outlining a well-defined net residual drift of water and suspended sediment from Hook 
Sand southward across the seaward end of the Swash Channel during periods of wave activity 
(BP Exploration, 1991). The Training Bank would also act as a groyne, causing scour on the 
updrift side and massive accumulation on the downdrift side. The effect was to store sediment 
in the beach compartment and prevent transfer to other areas, other than by leakage. Less 
sediment would have been transported across the Swash Channel to Hook Sand. The Training 
Bank would also have changed the local hydrodynamics by creating scour and localised 

erosion. 

Shoreline progradation is influenced by Poole Harbour entrance, bar attachment, welding and 
inlet realignment, and the sheltering effect of offshore shoals. Foreshore progradation can 
produce a series of broad swash bars on the upper foreshore which coalesce into a berm (King 

and Williams, 1949; King, 1959; Carter, 1976; Wright and Short, 1984; Masselink and Short, 
1993). Each cycle of shoreline progradation and retreat can take several years and is 

regulated by the estuary tidal prism and the volume of sediment retained in the ebb tidal delta 

as Kana et aL (1999) discussed, and as demonstrated in the offshore modelling of the historical 

archive. The closer the shoreline is to the delta, the more it is affected by sediment balance 

swings because most of the sediment comprising the delta re-circulates within the delta. 

It can only be postulated that sediment was transferred in the past in a similar fashion to 

contemporary processes, and also from the likelihood that the ebb tidal system demonstrates 

similar processes to other ebb tidal systems around the world. This would have included the 
formation of bars, bar welding and on-offshore sediment transport. Foreshore progradation 
was usually linked to on-offshore sediment transport and some alongshore movement. 

The relationship between Hook Sand, Milkmaid Bank, Bar Sand and the shoreline signifies 

significant sediment exchange between these areas. On-offshore sediment movement is 

usually in the form of bars welding to the shoreline. The archival evidence suggested little 

evidence of these, except in the GPR data, so this is largely speculative. However, the 
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evidence did suggest on-offshore sediment transport which is related to the growth and 
shrinkage of either the shoreline or the offshore sands. When the offshore sands show 
accretion, the shoreline usually lost sediment. Robinson (1955) discussed on-shore movement 
and called it parallel accretion, postulating offshore sediment sources were responsible for 
foredune and beach growth through a series of bars and shoal attachment (Fitzgerald, 1984 

model); (Figure 4.26). 

Stable parts of the beachface usually occur landward of sand bars. Whilst some sand moved 
along the beach, significant masses migrated in the nearshore zone as coherent longshore 
bars, periodically extending and welding onto the foreshore (Short, 1975; Carter, 1986). This 
formed the main source of sand for dune building (Carter and Wilson, 1990), similar to that 
exemplified in Table 4.3. Bars welded to the shoreline, form ramparts whereby the dunes 
started to accumulate in ridges. 

Orford et aL (1999) suggested in their research that the longshore continuity of ridges suggests 
the dunes formed part of a prograding beach foreland controlled spatially by wave refraction. A 
ridge's low elevation is a result of rapid shoreline progradation and the loss of beach supply by 
the spatial intervention of a newly emerging beach ridge at high water. Analysis of climatic 
variables and archives at Studland suggests that following substantial erosion of the foredune 

area, excess sediment in the nearshore would feed a sediment return to the beach face under 
fair-weather wave conditions. Under conditions of high sediment supply, accretionary ridges 
were likely to form as a mixture of initial wavelain high-water ridges and then enhancement by 

aeolian deflation of intertidal areas to provide foredunes, supporting research by Orford et al. 
(1999). 

Sediment bypassing occurred from the delta to the downdrift beach, either Studland or 
Sandbanks. The transport loop was initiated as sediment enters the Swash Channel and 
subsequently transported to Bar Sand. The transport loop continues to Hook Sands and 
Milkmaid Bank. Shoal attachment to the adjacent shoreline completes the loop (Figure 4.26). 

Shoal growth segregates tidal flows and increasingly subjects the shoal to wave generated 

currents. However, where waves dominate, net sediment transport is generally directed 

towards the inlet throat. The Swash Channel dynamics allowed sediment to be retained In 

massive bars and local shoals or periodically released materials to nourish adjacent shores, 
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such as Sandbanks and Studland. The changing bathymetry is responsible for beach shape 
variation as a result of sediment exchange processes and bypassing. Sediment is often 
transported to shoals, subsequently welding onto a beach which was most likely to be the 
cause for shoreline growth and reduction in the area of Hook Sand and Milkmaid Bank. Their 

removal may thus accelerate erosion on landward beaches (Fitzgerald, 1984; Pickrill, 1985). 

An increase in wave energy may also be responsible for erosion of the ebb tidal delta features 
(Fitzgerald, 1984). More sand is stored in ebb tidal deltas of low wave energy. This may 
explain why Milkmaid Bank is so large. The bank dampens wave energy anyway so its size 
may actually be responsible for maintaining its own stability and that of the northern end of 
Studland. Hubbard et al. (1979) illustrated shoals of wave dominated inlets were pushed close 
to the inlet mouth whilst those of tidally dominated inlets extend far offshore. Stacking of swash 
bars results from a decrease in the rate of their onshore migration, as the bars migrate up the 

gently seaward sloping swash platform they gain a greater intertidal exposure. Consequently, 
the process of wave swash, which was responsible for the bar's movement onshore, operates 
over increasingly smaller periods of the tidal cycles (Hine, 1979). 

Swash bars growing seaward of beaches create wave shadow zones which mean that 
landward beaches can prograde in quiet water conditions. The large sand Shoals often migrate 
landward to form large bar complexes attached to the shore, as occurred with the growth of the 

transverse bars in the historical archive. Although there is no substantiated evidence to 

support this, this may be the reason why the north of Studland prograded so quickly because 

the Milkmaid Bank and Hook Sand created shadow zones. After bar welding, shoaling and 

reformed waves break and carry sediment away shoreward from the inlet. The wave shadow 

zones increase sediment infill. Absence of tidal shoals causes erosion of the shore, coupled 

with sediment movement to the shore because of a lack of sediment in this area. Due to weak 

wave energies, wind directions, and spatially variable sediment accretion, the depths of the 

northern and southern zones of the Bay were substantially different. Additionally, Milkmaid 

Bank lies in shallower water aided by the sediment distribution, thereby protecting the beach. 

7.6. Development of models 

Previous researchers have developed models which separate landforms on a beach. Very few 
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models have been based on integrating process and features on a beach, creating one 
morphological entity. Cowell et aL (2003) developed the coastal tract model unifying mutually 
dependent morphological units on continental margins. This model encompassed sedimentary 
processes occurring landward and seaward of the littoral zone as well as those occurring on 
the beach face. Larson et al. (2003) suggested models should encompass available data on 
beach morphology. Analysis of data for models should aim at detecting and quantifying 
dominant patterns in time and space and see how these patterns are related to each other. 

The temporal and spatial pattern of Studland has been reviewed in this research to quantify the 
relationship between them, and between process and form. These relationships have helped 
to develop two complementary models which are alternatives to the coastal tract model (Cowell 

et al., 2003). 

Two complementary models can be suggested for the Studland Beach system, which have 
been bome from the results of this study. 

1. Model One (Figure 7.2) illustrates there is a hierarchy of components related to the 

survivability of features at the LWM. If bars survive tidal inundation at the LWM, and 

are able to migrate to the intertidal zone, this not only determines the morphological 

variability of the beach profile but also assists in profile stability. The internal structure 

of the beach is self-maintaining. Addition or removal of components by an outside 

variable may alter the system. Removal or addition of sediment may alter the status 

quo. The coastal hierarchy consists of a series of units along the shore which change 
in area and often overlap. The importance in maintaining the system is the transition in 

these spatial extents, and how well they overlap along the shore. 
2. Model Two (Figure 7.3) is linked to the hierarchy of spatial areas within the Studland 

system, relating to the linkages between the components of the system across the 

whole Bournemouth Bay littoral cell, from the largest extent to the smallest component 
(morphological feature). The model demonstrates how components of the system link 

together geographically. These spatial extents are linked by geography and their 

contribution to the system. 

The formation of these models has enabled a holistic view of the system to be obtained. They 

simplify a complex system. The results have revealed that there are relationships between 

time and space, and the geomorphology of the beach. However, this is complicated and can 
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only be resolved by the consideration of these models. 

Zenkovich (1967) and Bowen and Inman (1966) each considered the compartmentalisation of 
the Iongshore sediment transfer, the [after two both defining these compartments as cells. At 
Studland Peninsula, compartmentalisation is defined by nesting of several scales of 
compartments and cells. There is nesting of the beach hierarchy. Nesting is determined by 
scales ranging from the littoral cell to small-scale morphological features. The littoral cell can 
further be sub-divided into the various beach systems, controlled by sediment divisions and 
geographical boundaries (Figure 7.2). Studland Beach can further be divided into a north- 
south divide. The beach system is compartmentalised, consisting of three beaches determined 
by natural geographical boundaries. Within the three beaches, there are sub-cells determined 
by on-offshore sediment transport, variation in wave energy, tides and currents, and beach 

width (Table 7.3). The sub-compartments or sub-cells of the beach are further divided by 

smaller-scale processes. Within a cell, localised variations in erosion and accretion occur, 
creating spatial patterns of stability and instability. Spatially, Studland responds differently in 
the north to the south; the profiles within the interior of Shell Bay respond differently to the 
distal profiles. In Shell Bay, within the intertidal zone, the middle profiles are undergoing 
erosion with the distal ends accreting, signifying the importance of cross-shore sediment 
transport and longshore drift. Southerly profiles in South Beach (Profile 52) are different to 

profiles adjacent to Redend Point (Profile 50, for example). Within this division, processes 
operating on smaller-scale features within the beach plan induce erosional or accretional 
phases which in turn accelerate the wider instability of beaches which appear intrinsically 

stable. 

Sediment exchange is related to both temporal and spatial scales. There are accretion- 
dominant profiles fed by cross-shorelonshore or alongshore profiles. Units are mutually 
dependent because of coupling. Morphological changes are coupled with the overall system 
dynamics governed by flux rates of sediment exchanges between the sub-systems. This could 
be surmised from sediment volume exchanges but not proven. The significance of identifying a 
system sharing a common pool of sediment is that any morphological change in one sub- 

system must have corresponding changes in other sub-systems. This is the assumption from 

the sediment budget data and the morphological model development. 

Each of the units contributes to the stability of the larger system in both of the models 
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discussed here. If there is change at one scale, this should affept the higher levels. The failure 

of features at the lowest level may mean there is no contribution to higher order levels of the 
hierarchy. Everything has to happen at the lower scale to contribute to the larger scale. This 

pyramid approach contributes to the overall evolution of the system, creating overlap between 

several levels of the hierarchy. There needs to be a consideration of the amount of change in 

one level and the impact of this change at the higher orders. There also has to be a 
consideration of how one model feeds in to the next level to get a holistic view of the system. 

Cowell et aL (2003) described how nature can be partitioned into naturally occurring levels that 

share similar time and space scales and those that interact with higher and lower levels in 

systematic ways. Each level in the hierarchy sees the lower levels as extrinsic constraints or 
boundary conditions, and the higher levels as intrinsic (sub-scale) processes. At successively 
higher hierarchical levels, these intrinsic processes may lose their relevance for lower levels, 

turning them effectively into some combination of unimportant variations (noise) and subscale 

processes that must be generallsed for representation at the scale of interest. This is true of 
the Studland system whereby the study provided a model of past planform shapes but does not 

Provide evidence of the lower order processes and scales which contributed to this system. 
Additionally, processes occurring contemporaneously contribute a small part to the longer-term 

trend. Because of their variability, they may not reflect the long-term trend. 

Morphological features are the smallest features in Model One (Figure 7.2) and are an 

important component of Model Two (Figure 7.3). Both models overlap. Model Two 

demonstrates that these features have a hierarchy depending on the transfer of sediment 
between bars to berms for example and the ability for bar welding to occur. The survival of 

each of these features is related to energy and the strength of the feature and the subsequent 

ability of sediment to be exchanged over time. 
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7.6.1. Description of Model One 
As previously described, there is a nested hierarchy which consists of a series of spatial 

extents varying in size from the littoral cell (the highest order) to the morphological feature (the 

lowest order). Spatial scales are linked by several levels of operability and inter-operability 

within a beach system (Table 7.2). These levels range from the larger coastal cell, the beach, 

a unit, a zone, a profile, and a morphological feature, such as a bar, berm, overwash channel, 

etc. Spatially, the Studiand system is quantified according to the whole beach, its interaction 

with the offshore zone, smaller beach units of Shell Bay, Knoll, Middle and South Beach, 

individual profile units (SBI, 2,3) and also individual profiles (28,29 and 30, for example). 
Within the profiles, there are subdivisions of intertidal, backshore and LWM. There are several 

stages in the hierarchy. These are as follows: 

7.6.1.1. Littoral cell 
The littoral cell consists of the largest variable within the nested hierarchy. The remaining 
levels of the hierarchy fit into this higher level. Studland Peninsula is part of the Bournemouth 

Bay/Poole Bay littoral cell. The littoral cell consists of Bournemouth, Sandbanks, Poole 

Harbour and the Studland system. The context of this research recognised that the Studland 

system was influenced by the littoral cell processes and had an exchange of sediment between 

the remainder of the system but this was referred to as background exchange because the 

influence/linkage between the remainder of the system was not quantified directly from this 

research. 

There is considerable sediment movement within this cell but it is defined by the exchange of 

sediment within Poole Harbour, sea defences and drift direction. Studland Peninsula 

contributes to this littoral cell but how, on the smaller-scale, the littoral cell contributes to 

Studland's morphological variability, is unknown. Between the boundaries of Handfast Point 

and Poole Harbour, the three beaches are controlled by unique geographical boundaries. 

Within these three geographically determined beaches, smaller-scale processes are operating, 

dividing each beach into smaller sub-systems. However, if the Poole Harbour system is 

included, it is possible to link morphological variability with the Poole Harbour entrance. A 

smaller division suggests that morphological variation is controlled by sediment supply with 

progradation in the north and narrow beaches in the south. This is linked to the Poole Harbour 

system as demonstrated in the historical context but not contemporarily. Ebb tidal delta 
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behaviour is to a very significant extent controlled by the tidal prism of an inlet. If the prism 
reduces, then the size of the delta should also reduce with sediment being driven onshore. 
The opposite occurs if the tidal prism increases in size. The Poole Harbour tidal prism is 

controlled by sea level rise, accommodation space and sedimentation in the long-term but 

could be affected by reclamation over shorter scales, particularly the past 200 years. This is 

possibly a factor contributing to onshore sediment movement, and may account for major 
accretion phases at Studland. There is no direct evidence to suggest reclamation is linked with 
the major accretion phases which have occurred at Studland, but it is certainly possible. If this 
is the case, then the contemporary Poole Harbour certainly can affect the Studland shoreline. 

The control of natural geographical boundaries to sediment movement on the large-scale 

occurs because of the presence of Poole Harbour entrance and Redend Point. These features 

act as filters to sediment transport processes, allowing some sediment transfer between these 
boundaries, but with interruption. Natural morphological features may be controlled by such 
large-scale boundaries. 

7.6.1.2. Studland system 
The Studland Beach system comprises the next level in the coastal hierarchy. This level is 
defined by the different beaches of this research. Each of the beaches has different rates of 
morphological variation, erosion, accretion and morphological trends but each are connected 
by the umbrella of the Studland Beach system. The linkage between all of these beaches is 

the exchange of sediment between each system, and the migration of features across the 

geographical boundary of the defined beach systems (Table 7.4). 

7.6.1.3. Shell Bay 
Shell Bay is the first defined beach of the Studland system. It has a different orientation to the 

remainder of the beaches, and as a result comprises a different set of behavioural trends and 
morphological variability. Shell Bay is distinctive from Studland Beach and South Beach. At its 

distal ends, erosion is dominant, parfly due to the location and proximity to both the ferry 

terminus and the Training Bank. The eastern end is also narrow due to wave refraction. The 

dunes in Shell Bay show variability due to their location. The greatest erosion rates within Shell 

Bay were at its distal ends in the 1990s, particularly in the dunes, and in 2003/4. The dunes 

showed erosion because they were undercut by higher wave energies due to a narrow 
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intertidal zone and lack of offshore zone. On the short timescale, dunes occupy a pivotal 

position in terms of coastal stability, supplying, storing and receiving sand blown from and to 

adjacent beaches. 

BEACH CONTROLLING PARAMETER 
Shell Bay Tidal interactions more important than wave climate of Studland Bay. Aeolian processes 

influential. Profiles adjacent to Pilot's Point were controlled by the Training Bank, longshore drift 
and greater potential for on-offshore sediment transport (Milkmaid Bank) contributed to by 
presence of nearshore bars. Beach was wider. Thus, the beach width's interaction with higher 
wave energies and longshore drift results in variable beach widths. 

Studland Beach Affected by waves and winds of different directions to Shell Bay. This was because of different 
orientation and offshore sediment supply. Aeolian activity greater in wider sections of Intertidal 
zone. Afternoon sea breeze regime and waves combine with tidal periodicity to produce a 
beach cycle unique to combination of tides and waves. Shoreline orientation was such that 
prolonged periods of easterlies were direct, causing severe drawdown, shore erosion and 
subsequent mass sediment removal with most damage occurring in the central and northern 
parts of Studland Beach. 

Studland-Knoll Affected by easterlies, wave refraction and narrow beach with low elevation. Offshore and 
backshore sediment limited, Aeolian transport limited. Tidal incursion important due to narrow 
intertidal zone. 

Studland-Middle Affected by wave refraction from Redend Point, limited offshore sediment, little development of 
nearshore bars and limited longshore drift. Little sediment supply controls beach width, 
morphological development, and beach elevation. Little aeolian transport. 

South Beach South Beach was narrow and sheltered from higher wave energies. Easterly winds and high 
storm waves were buffered by Milkmaid Bank and so lose a substantial amount of energy before 
they reach South Beach. Wave refraction around Old Harry decreases wave energy, lowering 
the susceptibility of beach erosion but occasionally erosi22aLlehases do occur. 

Table 7.4. Spatialpattern and controlling parameters of morphological variability. 

7.6.1.4. Studland Beach 
Studland Beach is the longest sector of the morphological system and varies in width, height 

and morphological variability from the north to the southern extent - the boundary with Knoll 

Beach. The beach comprises a wide intertidal zone and a dune system. The stability of the 

system varies alongshore and consists of several morphological features including berms, 

drainage channels and numerous topographic features including rhythmic topography. At 

Studland Beach, it is common for storm waves to lead to rapid profile change with subaerial 
beach volumes moved offshore to form surf zone bars (similar to Profile 36). During a 

subsequent period of calmer conditions, accretion phases often occur returning the beach to 

almost pre-storm conditions where swell conditions (constructive waves) push sediment up the 

beach to form bars/ridges. Their size and shape is dependent on the sediment amount 

supplied to the beach, their formative morphodynamic conditions, and the tidal state, all of 

which determine their location. 
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7.6.1.5. Knoll Beach 
Knoll Beach is linked to Studland Beach by its geographical context. It is less stable than 
Studland Beach due to its beach width, lack of sediment variability and decreased 

morphological variability. Knoll Beach is the focus for onshore winds and wave refraction, 
exacerbated by a narrow beach and a lack of offshore sediment. Between 1994 and 1997, 

recession was dominant along the dunes immediately north of Knoll Beach resulting in a clear 
dune cliff (Figure 6.45). Sediment added to the beach is removed with the tides as the beach 

was so narrow. Post-storm adjustments in dunes are important but spatially irregular and small 
in size. 

7.6.1.6. Middle Beach and South Beach 
Middle Beach is separated from Knoll by the boat slipway. It shares similar characteristics to 
Knoll Beach -a planated surface and a lower morphological variability. South Beach is the 

most anomalous beach and is separated by Redend Point. It has different sediment size 
characteristics to the remainder of the Studland system and its behaviour does not reflect the 

changes occurring in the remainder of the system. 

7.6.1.7. Zones 
Each beach consists of three separate zones: the backshore, the intertidal zone and the LWM 

zone. Each of these zones consists of different characteristics, differing gradient, 
morphological variability and process. Each zone is connected by the exchange of sediment 
and energy across-shore and the ability of features to move from one zone to the other, either 
on the tide, or within a tidal cycle, seasonally or annually, and even on the longer timescale. 

7.6.1.8. Morphological features 
Morphological features consist of the landforms which make up the beach profile. The results 
demonstrate that the size and development of each varies spatially and temporally. 

Each level feeds into the next via the input/output of sediment transport. Sediment transport 

causes migration of sedimentary features, either en-masse or by 'drip feeding'. Migration of 
features across boundaries contributes to the next successive level of the hierarchy. Sediment 
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transport across beach boundaries is inconsistent, and varies spatially according to the 

strength of external variables. Sediment transport from South Beach for example, occurs via 
leakage around Redend Point. This amount, however, has not been quantified in this study. 
Additionally, time is an important factor in controlling the extent to which one models feeds into 

the next. Time determines the stability of each component. 

Studland Beach's morphological response varies within each beach unit and between each 
beach system and is controlled by natural geographical boundaries to sediment movement on 
the large-scale. Areas adjacent to natural sediment boundaries such as at the Training Bank, 

the jetty between Knoll and Middle Beach; and Redend Point, for example, act as boundaries 

to sediment movement, allowing the beach to respond differently morphodynamically and 
temporally, and induces a variation in beach topography and process variability. The 

importance of Redend Point is substantial, particularly for the sediment exchange between 

South Beach and Middle Beach. Sediment accumulates on the southern end of Redend Point 

and is periodically released into Middle Beach. However, the release is slow as there is no 
direct link between the two systems. So, the southern end of Middle Beach has been eroding 
faster than recovering because of insufficient sediment. Coupled with sea defences and wave 

refraction patterns causing scour here, beach erosion has been prevalent, as signified by the 

profile morphology and the sediment budget data. 

7.7. Description of Model Two 

Model Two describes the linkage of the components of the beach, particularly across the shore. 
There are several stages linked to this, all of which are dependent on the ability of each 

component to adapt or respond to external variables. External variables are wind, waves, 

atmospheric pressure, storms, and energy. Time and geography are also important. 

This model is connected to component feed and survival and there are various stages: 
1. Deposition of sediment - sediment needs to be deposited below or at the LWM to 

initiate the process. It has to withstand forcing of hydrodynamic parameters such as 

swash and backwash over a tidal cycle. It also has to withstand tidal inundation. If 

successful, sediment will be added to this area to build up the deposit over time. This 

deposition is controlled by external variables. 

345 



2. Bar growth - this is the second stage of the model whereby bar growth is initiated by 

additional sediment deposition. Bar growth is dependent on sediment availability. 
Again this stage is controlled by external variables. 

3. Migration - migration occurs over time. This is a slow process as the results of this 

research have shown. Migration often occurs landward and is dependent on certain 

conditions. 
4. Berm growth - berm growth is dependent on beach profile structure, gradient, beach 

width, sediment availability, seasonal and tidal inundation. External controls are 
applied to this morphological feature. 

5. Survival and beach stability - over a sustained period of time, morphological variability 

will have been determined by migration of the beach components, sediment feed etc.. 

These changes are dependent on the level of tidal inundation and erosion, as exemplified by 

Trenhaile (2001). There are also external variables which control the longevity of the features 

and control evolution and initiation. Time is an important control on these changes. Seasonal 

importance is crucial to the morphological variability as the results show. This is also 
dominated by situation, geography, sediment availability and beach width. 

The area adjacent to the LWM and much of the intertidal zone is the catalyst for response. If a 
feature can survive tidal inundation, the chances of growth and evolution are great. This model 
has a spatial control. Sustainability is greatest in the northern end of Studland than the south 
because of morphological variability, beach stability and sediment abundance. There is a 
higher rate of abundance in the south of the system due to the narrower beach, planation and 
less sediment abundance. The success of migration of the feature determines the response 

and the stability of the beach, particularly if the feature at the LWM (bar) is successful in 

migrating to the intertidal zone. The success of a feature is determined by external variables 

such as climate forcing, tides, waves, currents, and sediment availability. 
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7.8. Implications for future beach management 
Although this research has not been a coastal management study, it is important to managing 
the Studland Beach system. The results from this study may help with future beach 

management. It has provided an in-depth study of small-scale geornorphological change. 
Without such knowledge, it is difficult to understand the level of operability within the beach 

system. The Studland system is complex, so an understanding of its response and behavioural 

patterns is crucial. This understanding is critical for mitigating against future coastal erosion 

rates as well as the associated problems which will arise from climate change and sea level 

rise. 

The research adds value to the already proposed conceptual models and to coastal 

geomorphology in general. It has identified changes occurring within sandy beach systems on 

a variety of scales. It is also a comprehensive study over a long period of time providing a 
large data set that can be used in shoreline management plans, managing the site for the 

national trust. It provides a comprehensive insight into the consideration of noise and small- 

scale change. Time series analysis of beach levels may be used for quantifying variability, 

which could in turn be used for integrating into shoreline management plans. This forms a 
basis for assessing the types of forcing or disturbances (Larson et al, 2003. ). The study is 

increasingly pertinent for Studland Bay's management with the removal of sea defences. 

Some methods could be applied to nourished beaches - useful for monitoring spatial variability 

to forcing factors - although the regularity of profile data collection may be impractical and 

expensive. 

For coastal management strategies, there is a requirement for knowing the ways in which the 

beach behaves over both the short- and long-term. There is also a requirement for knowing 

how the sediment moves, and where sediment moves to and from. There is also a need for 

knowing how features within the beach behave; response of these features and how these 

features change over time. 

If a shoreline replenishment scheme was required, for example, there is a need to know how 

the beach behaves in that particular area. Additionally, response of morphological features to 

change is also required. This research has revealed that morphological features respond 
differently according to sediment availability and where they are found within the beach system. 
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Narrower beaches react differently and are less stable than wider beach systems, for example, 
and beaches with greater morphological variability are less susceptible to erosion. 
Morphological variability is the key to understanding how a beach may respond to an upset in 

the system's equilibrium. 

If a dune replenishment scheme is to be put in place, for example, dune growth would be more 
successful in areas with a wider intertidal zone and greater morphological variability. Aeolian 

processes are more successful where there is a plentiful supply of dry sand which can be 

transported by wind to dune areas. Offshore sediment supply is also important. Dune 

replenishment schemes are less successful where sediment cannot feed the dunes and where 
the beach is narrower. Narrower beaches increase the risk of dune undercutting and erosion, 

as the research has demonstrated. 

This chapter has collated the findings of this research and developed two models to illustrate 

the behaviour of the Studland system. Model One (Figure 7.2) illustrates a hierarchy of 

components related to the survivability of features at the LWM. The internal structure of the 

beach is self-maintaining. Addition or removal of components by an outside variable may alter 
the system. The importance in maintaining the system is the transition and success of the 

transition of these spatial extents along the shore. Model Two (Figure 7.3) is linked to the 

hierarchy of spatial areas within the Studland system, relating to the linkages between the 

components of the system across the whole Bournemouth Bay littoral cell, from the largest 

extent to the smallest component (morphological feature). The model demonstrates how 

components of the system link together geographically. 

Additionally, this chapter has highlighted how the research methodology has been important in 

developing such models through intensive data collation. There have been shortfalls with the 

data, as discussed, but the data collection has been the most intensive ever undertaken of the 

Studland system, and has allowed a comprehensive overview of the beach's behaviour to be 

developed. 

The chapter has discussed the profile life cycle and the importance of spatial and temporal 

variation along the foreshore. The contributions of drainage channels and rhythmic topography 

to the overall morphodynamic response have also been reviewed. 
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Chapter Eight. Conclusions 

This chapter concludes the main findings of this research. Overall, the system is extremely 
complex, and can only be deciphered by the production of conceptual models linking time, 

process and form within a nested hierarchy of time and space. The response of 
morphodynamic change can be quantified on a variety of scales from the historical to the 

annual but morphodynamic change can only be considered on smaller-scales with process. It 
is the identification of the rates of process, the response of the process and the scale of the 

change that has been important. 

Overall, the research has discovered interactions between smaller-scale features which 
determine the larger features. The research can place these features within a unified concept 

of morphodynamic models with a greater understanding of the mechanics of beach system 
behaviour. The findings suggest that scale and process have been the most important factors 

controlling the Studland system, playing important roles within both the historical and 

contemporary timescales, controlling the system's geornorphological response and spatial 

progression. These factors have altered over time with the alteration of natural behaviour into 

semi-natural response linked to human intervention of the site. Variations in profile 

morphology, beach volume and beach plan provide related assessments of beach change 
through sediment availability and process. 

There are several levels of operability and inter-operability within a beach system, ranging from 

the larger coastal cell, the beach, a unit, a zone, a profile, and a morphological feature, such as 

a bar, berm, overwash channel, etc. This research has suggested a beach system can operate 

over a variety of scales. Many studies have been based on profile morphologies, but most 
have not investigated the degree of variability within a profile and between profiles. This 

research has investigated inter-profile variability and the comparison between profiles as such 
and between the variables within the profile. 

The importance of seepage steps, rhythmic topography and their connection to backshore 

drainage channels and the importance of profile variability operating at various scales have 

been introduced. The evidence from this study shows that there have been major differences 

in profile and zonal variability. These variables need to be examined more closely in future 
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coastal management schemes. Future coastal research will need to look at the complete 
assemblages of depositional forms, hydrodynamic processes, and processes of sediment 
redistribution. 

The ebb tidal delta has played an important role in the past but the role may not be so 
important now. It has not been possible to quantify the response of the ebb tidal delta and the 
beach to changes in the delta. There may be a lag time between the two systems. Poole 
Harbour entrance has played a pivotal role in the evolution of Studland Peninsula over time. 
The exchange of sediment between the entrance and the adjacent beaches has been crucial to 

shoreline progradation and shoreline response over varying spatial and temporal scales. 
Sediment exchange between the offshore and the beach system has been important to 

maintaining the equilibrium of system, influencing erosion rates and accretion rates at the site. 
The physiography and the processes operating within Poole Harbour links Studland Peninsula 

to the rest of the Bournemouth littoral cell. 

The changes can be linked to the wider sediment budget/littoral cell using past data. The extent 

of the study system does not stretch to Bournemouth and the wider cell extents, so a direct link 

cannot be defined with contemporary data. However, using the conceptual models, changes 

can be inferred. Contemporary morphodynamic models are applicable to north Studland Bay 

but the adaptation of universal beach models would be more relevant. 

The temporal variation within the Studland system has been reviewed but is a difficult question 
to answer because of the scale at which processes operate. It is much harder to define 

dominant processes within a beach than previously thought, particularly on the larger 

timescale. Historical evolutionary models are an important component of defining a system but 

the important processes operating and the rate at which they operate cannot be quantified. 
The study has demonstrated that a historical archive is important to show how systems evolve 
but cannot provide answers as to why. 

The review of small-scale processes can be linked to temporal scales and provides an outline 

of processes contributing to the evolution of the system in the past and in the future. A large 

data set is required to understand a beach system on a variety of scales. Despite such a large 

data set, it is still not possible to outline accurately the behaviour of the Studland system in 

relation to the ebb tidal delta. This was complicated by weather, waves, winds, tides, the 
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offshore system, human behaviour and the backshore inputs. 

Short-term morphological processes are dominated by time-varying phenomena such as 
waves, winds and tides. Most of their effects, however, average out in the long-run, whence 
the longer-term evolution was determined by much weaker residual effects, often disregarded 
in shorter-term models. The annual and seasonal signatures suggest a system that is trying to 

maintain a sediment balance within the system. 

Response patterns may be predictable and exhibit seasonality. However, short-term changes 
are as important as the medium-term in beach response. Spatial changes manifest as net 
effects of short-term beach changes and occur due to sediment shunting between various 
sediment stores. This process may modify the morphology of these stores over the short-term 
but contribute little to the long-term trend of the beach system. Beach width variation is much 

more critical than the pattern of forcing factors. The impacts from forcing factors, such as 

storms, are just a by-product. Width controls the amount of erosion occurring; a much wider 
beach will reduce the impact of storms, for example. Wider beaches aid recovery. 

The severity of high magnitude events is much larger in narrower shorelines than wider 

shorelines; wider beaches are more variable in terms of morphodynamic input than narrower 
beaches and respond differently to high magnitude events. The success of the response 
determines the variability of the beach profile in Model Two, and also links to the nested 
hierarchy of Model One. The beach consists of numerous landforms operating on different 

timescales to control the formative processes, and thus the beach's morphodynamic nature. 

Drainage channels and rhythmic topography illustrate the importance of small-scale features 

operating in a beach system. These are important features within the beach system and 

control the stability of the sections of the beach where they are found. The research has 

shown that the small-scale features are as important to the control of stability and sediment 

exchange as the large scale features such as the berms and the dunes. 

Sediment transport across beach boundaries is inconsistent, and varies spatially according to 
the strength of external variables. Studland Beach's morphological response is controlled by 

natural geographical boundaries to sediment movement on the large-scale. Areas adjacent to 

natural sediment boundaries act as boundaries to sediment movement, allowing the beach to 
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respond differently morphodynamically and temporally, and induce a variation in beach 
topography and process variability. 

Sediment exchange is related to both temporal and spatial scales. There are accretion- 
dominant profiles fed by cross-shore/onshore or alongshore profiles. Units are mutually 
dependent because of coupling. Morphological changes are coupled with the overall system 
dynamics governed by flux rates of sediment exchanges between the sub-systems. The 
significance of identifying a system sharing a common pool of sediment is that any 
morphological change in one sub-system produces corresponding changes in other sub- 
systems. Associated with the temporal variations of beach state around the modal state, at 
Studland Beach, are the corresponding variations in shoreline position and profile shape over 
time, hence a close association with modal state and beach mobility. Time and process are 
interlinked and control the beach's geornorphological variation, either on the shoo-term or 
within the long-term. This research has identified not only specific processes occurring at 
specific timescales but the interlinking between them. The long-term variation of the system is 

possibly controlled by what we now know as small-scale, 'frequent' bar migration and welding. 
The cumulative of these events, over the long-term, causes sediment accumulation and 
shoreline progradation to form a large-scale landform. 

Small-scale adjustments may be controlled by antecedent topography and accumulate to 
influence long-term change in beach variation. Antecedent topography is likely to impact on 
the small-scale process, perhaps in terms of feedback or adding to net gains and losses. 

A large data set is required to understand the beach over various scales although it is 
insufficient to make future predictions. The need for high quality data encompassing coastal 
evolution from yearly to decadal scales is significant and the lack of data over these scales is 
one major obstacle for understanding and predicting the beach response. While the GPR data 

only provides information for one profile in the backshore environment of Studland Beach, it 

also provides corroborative evidence for linking large-scale features to the micro-scale and also 
a window for viewing substrate features which link historical features to the present. 
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