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Year of publication: 2007 
 

Background 

Foveran Links SSSI contains a remarkable collection of blown sand landforms, 

comprising Foveran Links, Drums Links and Menie Links. The purpose of this study is 

to identify and assess these landforms and to evaluate their geomorphological significance 

at a regional, Scottish and Great Britain level. This assessment is placed in the context of 

the Geological Conservation Review (GCR), the process through which the most 

important earth science sites are identified for conservation purposes in Great Britain. 

Currently, the northern part of Foveran Links SSSI is recognised as an integral part of 

the nationally important Forvie GCR site to the north. The southern part has not 

previously been assessed. 

Main findings 

1. Together, the dune systems of Foveran Links SSSI are of great scientific and 

natural heritage interest and represent a valuable geomorphological asset.  

2. The most striking feature at Menie Links in the southern part of Foveran Links SSSI 

is a large unvegetated sand sheet complex, over 600m long and over 400m wide. 

This vast sand sheet has remained active for most of the 20th century.  

3. Menie Links are nationally (and probably internationally) unique on account of the 

scale and dynamism of the sand sheet, the rate of inundation of adjacent dune 

features and the lack of human interference. It is one of the least disturbed sand 

dune systems in Britain. One notable element is the long-lived nature of the bare 

sheet of sand that dominates the area. The lack of vegetation colonisation suggests 
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a vigorous aeolian environment hostile to the establishment of pioneer species and 

dune grasses that flourish on adjacent dunes.  

4. Amongst the very small number of comparable dune sites containing sand sheets in 

Scotland and elsewhere in Great Britain, the undisturbed sand sheet at Menie Links 

is the most extensive, dynamic and demonstrably systematic in its mode of transit of 

any such feature. Furthermore, in view of the relatively unique north-west European 

context of the north-east coast of Scotland, the Menie sand sheet is also of great 

interest and scientific value in an international context. 

5. The southern part of Foveran Links SSSI, and Menie Links in particular, should be 

fully recognised as a GCR site in its own right.  
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1 AIMS AND OBJECTIVES  
This report was commissioned by SNH to define the specific interests of Foveran Links SSSI 

and its adjacent area (5km south of the SSSI boundary). This work will ensure that the 

evidence base for all geomorphological advice from Policy and Advice regarding this SSSI is 

corroborated by independent scientific expertise.  

The key objective of this report is to identify and assess the geomorphological interests of 

Foveran Links SSSI and assess their value within the regional, Scottish and Great Britain 

sand dune resource. This assessment is placed in the context of the Geological Conservation 

Review (GCR), the process through which the most important earth science sites are identified 

in Great Britain. 
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2 INTRODUCTION 
The interests of the Sands of Forvie SSSI and Foveran Links SSSI, north-east Scotland, 

together form the fifth largest and least disturbed sand-dune system in Britain (Ratcliffe 

1977; Dargie 2000). The Foveran site covers 810ha (Figure 1 & Figure 2) and contains a 

remarkable assemblage of blown sand landforms, some of which are unique not only in 

Scotland but in Britain, for example, the large sand sheets (sometimes called sand domes) 

at Menie, Foveran and South Forvie and the classic parabolic dunes at North Forvie. 

Archaeological evidence supports a northerly migration of sand at Forvie (Kirk 1955; Ralston 

1983) and this fits with accepted theory of the “scatter and break-up” of northwards migrating 

sand sheets (Steers 1973; Walton & Ritchie 1972; Ritchie 1992a). Although not 

systematically studied, the mode of evolution of the Menie and Foveran sand sheets (and 

further south at Balmedie) has very likely followed a similar pattern, with a series of large 

northwards migrating sand sheets that progressively bury the landforms in their path, 

including pre-existing fixed sand dunes.  In sum, the recent geomorphological history of the 

entire section of coast from Balmedie to North Forvie strongly suggests ongoing, possibly 

cyclical, north and north-westwards movement of bare sand sheets or sheets that encroach 

upon pre-existing dunes in the north and farmland in the north-west. 
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3 METHODS 
Foveran Links SSSI and the Menie Links area outwith the SSSI boundary were visited on 22 

and 23 November 2006. At this time a ground-based GPS survey (accurate to within 5m in 

the horizontal dimension) was conducted of the extent of bare sand areas inland (the sand 

sheets) and the position of the coastal edge (either the vegetation line or the undercut dune 

ridge line just above HWM). The entire area of the dune system was walked and appraised 

in terms of its stability, dynamism and geomorphological interest using the 1994 and 2001 

aerial photography as a navigational aid and base map. 

Aerial photograph analysis reported in more detail in Section 5.3 used a range of time-series 

images of the Foveran Links area flown between 1949 and 1994, geo-referenced, reduced 

to a common scale and amalgamated with GPS ground survey data acquired in November 

2006. The accuracy of the aerial photograph plotting is 5m in the horizontal dimension. The 

two key features plotted using the photography were the position of the coastal edge and the 

position of the edge of the bare sand/vegetated surfaces inland. 
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4 PROCESS ENVIRONMENT 
The coastline between Menie and Forvie experiences an hourly mean wind speed exceeded 

for 75% of the time of 3.5ms-1 (Barne et al. 1996). When winds of greater than 5.4ms-1 are 

considered, two resultant directions are dominant and affect the overall direction of sand 

transport: onshore winds at 153° and total winds at 255° (Ritchie 1992b). Nearshore 

bathymetry is shallow and characterised by shore-parallel sand bars at -1m OD. Spring tidal 

range is about 3.1m and tidal flows are less than 0.5ms-1, although velocities at the exit of 

the Ythan can reach 1.8ms-1, with floods to the south and ebbs to the north (Barne et al. 

1996). Although the tidal currents are capable of transporting sediment particularly at high 

tide, their main role is probably restricted to the suspension of sediments that are then 

moved by the dominant wave action along the shore. Ramsay and Brampton (2000) 

reviewed earlier studies, reporting that the coastline of this area is predominantly affected by 

waves from between 30° N through to 180° N, but that the prevailing wave direction is from 

the south and south-east.  

As a result, there is a strong net wave-induced northward drift of sediment from south to 

north between the River Dee and the Sands of Forvie, broken at the Ythan exit by a complex 

interchange of sediment due to interaction of tides, aeolian sand transport and river flows. 

This northward drift of sediment is also reflected in the chronic coastal erosion experienced 

in the south of Aberdeen Bay (Figure 1) and has resulted in a series of coastal protection 

initiatives. The sediment released by such erosion in the south is transported toward the 

beaches at the north end of Aberdeen Bay, where the onshore winds produce a northerly 

migration pathway for wind-blown sand to supply the sand dunes from Balmedie northwards. 

Smith et al. (1999) suggested that the Ythan area has been isostatically uplifted by about 

4.5m since the mid-Holocene and Dawson et al. (2001) estimate the long term historical 

uplift trend in the area at about 0.5mma-1. However, the tidal record at Aberdeen shows a 

falling sea level before 1890 and since then a relative sea level rise of around 1mma-1 has 

occurred. Similar, but more recent, changes have been reported from tidal records in the 

Firth of Forth there was a change from a falling to a rising trend in the 1970s (Graph 1981; 

Pethick 1999). 

The present rates of sea level change and future estimates at Aberdeen are less clear 

however, and depend on the start date for calculation of the trend and the datasets used. 

For example, recent GPS analysis at Aberdeen Port shows crustal lowering of around 

2.36mma-1 (+/- 5.44mma-1) (Bingley et al., 2001). In addition, estimates of global sea level 

rise rates using TOPEX/Poseidon/Jason satellite altimetry (which need to be added to the 
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crustal movements to show the relative sea level change) have been recently revised 

upwards from 1mma-1 to 3mma-1 (Leuliette et al., 2004). These values must be seen in 

context with the historical rate, but serve to highlight a complex and possibly changing 

situation. Best estimates for future relative sea level change for the next 50yrs at Aberdeen, 

which are critical to the stability of the coastline, are expected to be in the order of 3mma-1 

(Dawson et al., 2001). It is on the back of these higher and possibly increasing rates of sea 

level rise that storms will affect our mobile coastlines and recent work indicates that the 

increasing rate of change in relative sea level is likely to be critical for coastal stability 

towards the second half of the 21st century (Hansom & McGlashan, 2004, Orford & Pethick 

2006, Rennie 2006). 

 

Figure 1 Location of Foveran Links SSSI 
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Figure 2 Locations of Forvie, Foveran, Drums and Menie Links 
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5 APPRAISAL OF GEOMORPHOLOGICAL INTERESTS  

5.1 Foveran and Drums dune systems 
Foveran Links SSSI (Figure 2) lies to the south of the Ythan estuary and comprises 3 

systems: in the north lie Foveran Links (the northern part of which is within the Forvie GCR 

site because of its links via sediment feed to the Ythan and South Forvie system); in the 

centre is Drums Links and to the south lie Menie Links. Foveran Links consists of a series of 

sub-parallel lines of massive, 10-12m high dunes with a well-developed wet slack between 

the broad coastal dune ridge and the sand-covered Holocene cliff-line which lies a few 

hundred metres inland. Low cliff-lines cut into glacial or glacifluvial deposits and emerged 

beach deposits are conspicuous features underlying much of Foveran Links and Drums 

Links. The beach comprises a series of shore-parallel intertidal bars with intervening runnels 

whose northward migration has deflected small streams in this direction. At the Ythan exit 

the northward drift has resulted in accretion, so that the beach is now 250m wide and 

backed by actively accreting embryo dunes (MacTaggart 1998) that were still present in 

2006. In contrast to this essentially accreting area close to the Ythan exit, to the south the 

Foveran and Drums coastal edge is characterised by a foredune ridge which becomes 

discontinuous and severely undercut. High dune faces are produced along the eroded 

seaward edges and extensive unvegetated sand aprons have accumulated between and 

behind the eroding dunes, suggesting that whilst some sediment drift north occurs, there is 

also a significant movement of sand landwards. From photographic evidence in MacTaggart 

(1998) and confirmed in 2006, the incidence of frontal erosion of both old and young dunes 

seems to increase southwards from the Ythan exit to reach a maximum mid-way between 

the Ythan and the Sandend Burn where the Menie dunes begin. Along much of the Foveran 

and Drums backshore, several wartime tank traps dating from the 1940s are partially 

exposed by erosion of the coastal edge (Figure 3). Since these traps have been buried by 

sand accumulation prior to present exhumation, at least one cycle of accretion followed by 

erosion has occurred. Recent additions to these wartime concrete tank blocks have been 

placed across the entrances to blow-outs in the coastal edge in a partially successful attempt 

to stabilise the dunes and reduce sand blow over the inland dune areas and sand sheet. 
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Figure 3 World War 2 tank traps have been buried by sand dune deposition and then 
exposed by erosion at the coastal edge, Foveran and Drums Links. 

 

Inland, several sand dune ridges run north-south at an angle that is oblique to the north-east 

- south-west alignment of the present coastal edge, suggesting wind blow forcing sand dune 

orientation along this trend. Progradation in the north-east is also suggested by the 

occurrence of a zone of stable dunes up to 25m high fronted by more active dunes that 

reach 21m in height. The most distinctive landform at Foveran is an extensive area of bare 

sand or sand sheet which extends 0.5km inland from the northernmost 2km of the 

fragmented foredune ridge (Figure 3). Ritchie et al. (1978) considered this area to be 

comparable to the more extensive bare sand area at South Forvie, its scale and height being 

partly determined by undulations in the underlying glacigenic landforms and emerged marine 

gravel ridges. However, the area of bare sand remains highly dynamic, and sand passing 

through breaches in the foredune ridge continues to migrate upslope in a northerly and 

north-westerly direction.  
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Figure 4 The sand sheet at Foveran remains dynamic and extensive in spite of human 
modification. 

 

In addition to the tank traps exhumed along the coastal edge, the central sand wave at 

Foveran Links has been subject to human modification by excavation and military use in the 

past, with a decaying tubular steel loading ramp now exposed in the centre of the sand wave 

and concrete pillboxes nearby (Figure 3).  

As at South Forvie, both the emerged gravel ridges and water table at Foveran and Drums 

Links act as a local base level for large deflation areas (centred on NK 0052337 and NK 

003234). The Drums dune system in the south is now largely stable with extensive 

vegetation cover, a colonisation process predicted in 1978 by Ritchie et al. (1978) as the 

then sand cover thinned with deflation following the northward transit of the sand sheet 

(Figure 5). Together, Drums and Foveran Links form a sand unit that is now narrow and very 

stable in the south at Drums but increases in width and activity to the north at Foveran Links 

where its northward extension is truncated by the Ythan. Given the lack of inland penetration 

of dune sand at Drums, it is possible that the two systems have held a broadly similar 

pattern for some time. 
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Figure 5 View south from the edge of the Foveran sand sheet to the deflation areas of 
Drums Links. These are now colonized by dune and damp slack vegetation. 

  

 

5.2 Menie dune system 
The Menie dunes extend south from the Sandend Burn at the south end of Drums to the 

Blairton Burn where the Balmedie dunes continue south. The northern part of Menie is part 

of the scheduled Foveran Links SSSI (Figure 2) and although the Menie dunes were 

examined as a whole, the northern part within the SSSI is clearly the most dynamic part of 

the dune system and as such is considered in more detail here. North Menie is characterized 

by essentially two sets of dune ridges. The lower first dune ridge runs parallel to the coast 

and is largely stable and marram-adorned and extends in an unbroken cordon southward 

from the burn exit to front the entire Menie system.   
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Figure 6 The second dune ridge at North Menie, viewed from the first, coast-parallel dune 
ridge. Large areas of bare sand on the second dune ridge testify to its dynamism. 

 

 

The second dune ridge is higher and more active, with expanses of bare sand (Figure 6), 

and is located inland of the lower first dune ridge. It trends inland from the south-south-west 

to north-north-east coastal orientation, along a south-north orientation. Both sets of ridges 

are truncated by the course of the Sandend Burn. The higher second dune ridge is 

characterised by ongoing new sand deposition on its northern face, so that sand cascades 

into the burn itself. Relatively limited recent deposition occurs on the north side of the burn 

and so the northward progression of these particular dunes may be temporarily controlled by 

the route of the burn. Immediately to the south and landward of these high dunes are two 

low and undulating areas, now largely vegetated, and separated by a low dune ridge that is 

again very stable with dense marram growth. The northernmost of these areas is seasonally 

flooded and, although now vegetated, it carried a dusting of wind-blown sand in November 

2006 (Figure 7). The southern of the two areas is very well vegetated with no bare sand and 

occasional outcrops of bedrock or large boulders. It is likely that these are deflation areas 

that once fed the line of high dunes beyond, particularly the northernmost area. However, 

the southern area may have been excavated down to the underlying till surface (indeed a till 
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veneer covers the access farm tracks to allow cattle to transit the dune crest from the 

grazing landward).  

Figure 7 View south from the second dune ridge at North Menie across the northern, partly 
flooded deflation area towards the main sand sheet of Central Menie. 

 

Immediately to the south of these undulating grassy areas is a substantial band of low but 

active dunes that receive sand blown from the bare areas to the south. These active dunes 

extend from the first coastal dune ridge inland as far as the fields landward. This area of 

active dunes appear to be older dunes that have been reactivated by more recent additions 

of sand, the degree of reactivation increasing towards the south where the depth of recently 

deposited sand increases.  
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Figure 8 The north-eastern flank of Central Menie: active sand movement north encroaches 
upon and buries older dune surfaces and infills dune swales.  

 

The northward-moving sand is fed from a substantial sand sheet that dominates most of 

Central Menie (the southern part of the SSSI) and extends from the main coastwise dune 

ridge inland to where it inundates farmland. This great sheet of bare sand is the most 

distinctive feature of the Menie dunes and, in November 2006, was more than 0.3km long, 

0.4km wide and covered an area of 113,912m2. The surface is extremely unstable and is 

characterized by several smaller sand sheets and swarms of sand ripples which trend 

approximately south to north and south-east to north-west, indicating a northerly and north-

westerly sand transport regime. In the north-west of the sand sheet, three main linear 

corridors of sand punctuate the dune ridge to spill sand onto the farmland beyond. Some of 

this land is poorly drained and seasonal ponds, sometimes fringed with willow stands, are 

currently undergoing infill by sand blown via the corridors. The north-east part of the sand 

sheet is characterised by a field of low older dunes undergoing burial by blown sand from the 

sand sheet (Figure 8). The high dunes that sit landwards of the well-vegetated and stable 

coastal dune ridge are very active, with several areas of bare sand on both the landward and 

seaward sides, separated by patches of marram along and adjacent to the dune crest. In 

November 2006 these sand areas were actively feeding sand north-westward onto the sand 

sheet, as well as spilling sand eastwards to cascade down the seaward flank of the dunes. 
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The central section is largely an unvegetated and highly dynamic sand sheet that rises in 

height to the north and is flanked in the west and east by remnant undercut bluffs of high 

sand dunes (Figure 9).  

Figure 9 View north-east over the Menie sand sheet, with remnant butte dunes in the right 
foreground. The dunes of the coastal ridge are silhouetted along the skyline. 

 

A few isolated butte dunes (upstanding single dunes with marram-clad flat tops and steep 

eroded sides: remnants of pre-existing dunes) outcrop on the flanks of the sheet but these 

are being progressively undercut and removed. The southern edge of the sand sheet is low- 

lying and has deflated down to where the water table or the underlying emerged marine 

gravel is encountered. Immediately east and seaward of the gravel outcrops lie two north-

westerly trending major blow-out corridors that appear to punctuate the high coastal first 

dune ridge. These both remain partially active but both entrances to the upper beach via the 

main dune ridge are now more or less sealed by secondary dune development. It is clear, 

however, that they continue to feed sand through these blow-outs and onto the lower 

southern parts of the sand sheet, albeit at a lesser rate than previously (Figure 10). 
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Figure 10 View south towards the two major blow-outs that feed the Menie sand sheet. 
Deflation of the high dunes to the north also feeds sand onto the sand sheet. 

 

To the south, the remaining dune feature of note is an extensive deflation plain at an altitude 

of between 5 and 10m OD between the coastal dunes to the east, the major sand sheet to 

the north and the dune-clad Holocene cliff-line to the west (i.e. due east of a line between 

Leyton Cottages and Menie House) (Figure 11). These low-lying surfaces are likely the 

erosional result of the migration north of the main body of the sand sheet and resultant wind 

deflation of the following windward slope. Most of the surface of the deflation plain is now 

well vegetated, occasionally with damp slack vegetation, but with progressively increasing 

maturity of vegetation and thus stability of the dune forms southwards. The 

geomorphological interest in the deflation areas and dunes of South Menie lies in the 

contribution they make to understanding the development of the Menie dunes as part of the 

whole dune assemblage. Further, if erosion of the coastal edge occurs in the future, then the 

natural progression of blow-out development and the initiation of instability landward may re-

establish itself in this area. 
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Figure 11 Central Menie viewed from the south-west at Leyton Cottages. The 20m high 
dunes in the centre skyline contribute sand to the sand sheet. The low area in the 
foreground has deflated to the water table following the transit north of the sand 
sheet. 

 

From a dune dynamics perspective, the dune system south of the sand sheet is a fixed and 

stable system with little potential for substantial internally driven change. Nevertheless, any 

change in the stability and integrity of the coastal dune cordon could result in renewed 

deflation activity within this area. Again taken as a whole, the Menie system forms a large 

sand unit that is now narrow and very stable in the south towards Balmedie but increases in 

width and activity to the north where it is truncated by the Sandend Burn.  

5.3 Changes in the Menie sand sheet 
Several lines of evidence noted above point to the dynamism of the Menie sand sheet over 

time. A useful method to establish the degree of change is to examine time-series aerial 

photography of the area in order to identify the varying positions of key features at different 

times. The key features that denote the progression of the sand sheet are: 

1. the position of the coastal edge (often marked by either a small undercut cliff which 

may equate to HWM, or the limit of pioneer vegetation at the rear of the beach); and 
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2. the position of the edge of the bare sand/vegetated surfaces inland. 

The use of these two boundaries has been identified as a reliable and robust methodology 

and is a proven approach to identify changes in coastal systems (Hansom & Rennie 2004). 

The approximate limit of the wind-blown sand veneer over established vegetation is a more 

difficult parameter to identify on photographs of variable scale and quality, and although 

possible on some images, this parameter was not used in the exercise below. Accordingly 

the limits plotted and discussed are those identified in 1 and 2 above. 

Published aerial photography exists for the dates and scales noted in Table 1. A ground 

GPS survey of the above key limits was also conducted in late November 2006. 

Table 1 Aerial photography used to identify changes in the Foveran, Drums and Menie 
dunes. 

1946 1:10,000 1949 1:5,000 1954 1:10,000 1963 1:7,500 1967 1:7,500 

1973 1:10,000 1988 1:24,000 1994 1:5,000 2001 1: 5000  

 

The change in the bare sand area of Foveran (including Menie and Drums Links) was 

calculated by Wright (2001) to show an increase of only 1.4% between 1967 and 1994 

(Table 2). However, it is clear that this overall modest increase masked substantial internal 

changes within the dune area. 

Table 2 Bare sand area change, 1967-1994, at Foveran (total area 238ha) (from Wright 
2001). 

Year Bare sand area (ha) % of total area % increase 

1967 58.1 24.5  

1994 58.9 24.8 1.4 

 

The changes identified by Wright (2001) are summarized in Figure 12 which shows the 

percentage increase in sand area calculated within 250m x 250m grid squares between 

1967 and 1994. These show a decline in sand area (and thus an increase in vegetation 

cover) in the southern and south-western part of Menie and an increase of up to 62% in the 

central area occupied by the sand sheet in 1997. Beyond this to the north, the bare sand 

area associated with the northern dunes in 1967 has become more stable and vegetated, 

with reductions in sand area of up to 20%. More modest changes are recorded along the 

coastal edge and appear to relate to the sealing of blow-outs by sand accumulation 

contingent upon vegetation growth. 
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Figure 12 Historical sand movements at Menie Links, showing the percentage bare sand 
area per km2 in 1994(label) and the changes in bare sand area between 1967 and 
1994 (shading). (Source: Wright 2001). 

 

More detailed examination of the aerial photographs points to the mobile nature of the Menie 

dunes and the opening and sealing of back-beach blow-outs that allow wind and sand to 

transit over the inland area. For example, a large gap in the first dune ridge between 1946 

and 1963, that averaged 350m in breadth, allowed winds to access the sand area 

immediately inland, leading to the rapid enlargement of the sand sheet, albeit in a position 

more south of its present location. In order to approximate the movement of the sand sheet 

over time, aerial photographs flown between 1949 and 1994 were geo-referenced, reduced 

to a common scale, amalgamated with GPS ground survey data acquired in November 2006 

and the extent of bare sand plotted (Figure 13 & Figure 14).  
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Figure 13 Northward migration of the Menie sand sheet boundary in 1949, 1963 and 1973 
superimposed over 1994 aerial photography. Note the varying extent of the blow-
out gap connecting the sand sheet with the upper beach sand source.  
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Figure 14 Northward migration of the Menie sand sheet boundary in 1973, 1988, 1994 and 
2006 superimposed over 1994 aerial photography. Note the reductions in length 
and eventual sealing of the blow-out gap connecting the sand sheet with the upper 
beach sand source.  
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Although the photography is uncorrected for height displacement (which would introduce 

errors of c.5m in the horizontal), such error is acceptable at this scale of plotting. The 

exercise very clearly shows a progressive northward movement of the sand sheet from a 

maximum extent in 1949 to a minimum extent in 1973, with the migration of the southern 

edge particularly marked (Figure 13). Over this same period, the width of the blow-out along 

the coastal edge declined from its widest in 1949 to its narrowest in 1973. That this is directly 

related to the waxing and waning of the sand sheet is an obvious linkage to make since a 

wide gap along the coastal edge allows unobstructed wind access to the inland sand areas 

and contributes to sand dynamism. Similarly, the progressive narrowing of the coastal blow-

outs is followed by progressive stability within the dune and sand sheet area as vegetation 

keeps pace with deposition rather than being overwhelmed by it. Indeed, the later 

photographs in the 1973 to 2006 sequence show a narrow line of newly formed dunes along 

the coastal edge, a clear indication that the blow-out gap was in the early stages of 

progressive sealing. It is possible that such sealing and any subsequent opening is driven by 

cyclical changes in the status of the fronting beach and coastal edge: when it is narrow and 

erosional, blow-outs develop that propagate inland; when the beach is full and accreted, 

blow-outs are sealed and the supply to the sand sheet slows.  

The movement north and north-west of the leading edge of the sand wave continued 

between 1973-2006, along with the migration north of its southern edge (Figure 14). As with 

previous positions of the southern edge, the bare sand has been colonized by vegetation, 

some of it close to the water table and thus characteristic of damp slack conditions. The 

leading edge of the sand wave continues to advance north and north-west, inundating the 

vegetated low dune areas in the north and extending onto farmland in the north-west via 3 

prominent corridors. The feeder blow-outs at the coastal edge to the south-east of the sand 

sheet had become very narrow by 2006 and since the connection between beach and dune 

crest now lies at height and is partially vegetated, the feed to the sand sheet from these two 

blow-outs is now a fraction of what it once was. More important to the present sand sheet 

sediment supply is likely to be sand eroded from the set of high dunes to the north of the 

now sealed blow-outs. This second dune ridge is undergoing deflation as sand is blown 

north-west onto the sand sheet (this appears to be main feeder zone to the sand sheet in 

2006), as well as cascading east down the steep dune slopes seaward to infill the slack 

between the first dune at the coastal edge and the second dune cordon.  

The overall area of the sand sheet has also fluctuated, reaching its maximum (1946-2006) 

extent of about 150,000m2 in the 1949 photographs and more or less maintaining this 

through to 1963. Thereafter, the sand sheet underwent reduction in area. In 1973 the area 
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had declined to 93,830m2, a figure similar to the area in 1988. However, the 1994 

photographs show an increase in area to 114,930 m2, followed by a modest reduction in 

2006 to a GPS surveyed sand area of 113,910 m2. As shown in Figure 13 and Figure 14, the 

rate of northward movement of the bare sand and vegetation boundary varies between the 

southern and northern edges of the sand sheet and with the position inland. However, an 

approximation of the rate of transit of the bare sand/vegetation boundary can be gained by 

measuring its position on a coast-parallel linear transect drawn at 200m inland from the 

coastal edge of 1994 (Table 3). 

Table 3  Rates of northward movement of the south and north margins of the Central Menie 
sand sheet along a coast-parallel transect. 

 
Time period South margin North margin 

1949-1963 150m  (11ma-1) -20m  (-1.4ma-1) 

1963-1973 110m  (11ma-1) -55m   (-5.5ma-1) 

1973-1988 190m  (13ma-1) 210m  (14ma-1) 

1988-1994 40m    (7ma-1) 80m    (14ma-1) 

1994-2006 60m    (5ma-1) 60m    (5ma-1) 

 

 

 

 

 

Such data are approximates only and should be viewed with caution since the progress of 

the margin is highly variable. For example, along this transect the progress 1994-2006 

seems low at 5ma-1, but the rate to the northwest onto farmland is greater and reflects 

changing directions of sand distribution over time. 
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6 CHANGES ELSEWHERE AT FOVERAN, DRUMS AND 
MENIE  

6.1 Changes to the dunes  
Changes in the North Menie and Foveran dunes were also examined but for a more recent 

time series, 1973 and 1994, again using geo-referenced photography (Figure 15, Figure 17 

& Figure 18). What this reveals at the dunes of North Menie is a progressive northward 

movement of the bare sand area but in a more fragmented and slower style than for the 

sand sheet of Central Menie. By the same token, the locus of the bare sand area at Foveran 

dunes has moved slightly northward and westward, but the rate of movement is a fraction of 

that at Central Menie, the greatest changes at Foveran being in the south where the 

following limb of the northward receding sand sheet has been replaced by fully vegetated 

deflation surfaces.  

6.2 Changes to the coastal edge  
Changes in the North Menie and Foveran coastal edge were examined using geo-

referenced photography and the more limited GPS (2006) coverage for the time series 1973, 

1994 and 2006. The position of the coastal edge between 1973 and 1994 in the 

South/Central Menie area shows significant accretion over this time period and this has 

continued into recent years as shown by the GPS plotted position of the coastal edge in 

November 2006 (Figure 15). This time period also coincides with the progressive narrowing 

and, by 2006, closure of the large blow-out areas that formerly fed the sand sheet and 

fuelled its migration. This is entirely consistent since excess upper beach sand supply 

generally results in embryo and foredune development at the rear of the beach and 

reductions in sand availability for dune surfaces to the rear of these. The foreshore at this 

point in 2006 showed a largely stable upper beach with at least two foredunes fronting the 

main dune ridge (Figure 16). 

Figure 17 shows the coastal edge at Central Menie to have narrowed from its 1973 position 

by 1994, but that between 1994 and 2006 the coastal edge had accreted seawards again. 

However, the GPS survey of 2006 (accurate to within 5m in the horizontal), although 

showing accretion since 1994, also recorded that the foredune ridges so prominent to the 

south had largely disappeared along the coast just south of the Sandend Burn exit, with the 

coastal edge showing undercutting. This undercutting trend continues to the north of 

Sandend Burn into Drums Links where the coastal edge remained fairly static between 1973  
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Figure 15 Changes to the bare sand area and coastal edge, 1973-2006, Menie Links. 
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Figure 16 The accreting coastal edge at South/Central Menie in 2006, close to the location 
of the open blow-out locations of 1973/1994. 

  

and 2006, although several older blow-outs shown in 1973 have become sealed. Figure 18 

shows that accretion occurred at North Foveran between 1973 and 1994, so that the coastal 

edge moved seawards more or less consistently over the entire stretch north to the Ythan 

exit. However, the 2006 GPS plot shows that much of the accretion has now been lost to 

erosion because the coastal edge has receded back to an intermediate position between the 

1973 and 1994 positions. More recent erosion is evidenced by the exhumation of WW2 

concrete tank traps along this section of Foveran (Figure 3). The only location where the 

2006 edge is consonant with the 1994 edge is at the Ythan itself. 
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Figure 17 Changes to the bare sand area and coastal edge, 1973-2006, Menie and Drums 
Links. 
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Figure 18 Changes to the bare sand area and coastal edge, 1973-2006, Foveran and Drums 
Links. 
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6.3 Summary of changes 
At South Forvie, to the north of Menie and Foveran, Landsberg (1955) postulated an 

evolution whereby the great arcs of dunes spread northwards from the beach, bar and spit 

sand sources of the mouth of the River Ythan. Sand also fed into the system from the 

extensive North Sea beaches and coastal dunes on the east side of the South Forvie 

peninsula and from Foveran. Landsberg (1955) identified seven arcs of sand accumulation 

in the region and postulated that each wave of sand formed in the south and moved 

northwards at a migration rate which decreased progressively to the north as a result of 

vegetation colonisation. It appears that a similar north and landward progression has also 

characterised the development of the dunes at Menie and Foveran and a similar inundation 

of adjacent farmland has occurred. However, added variables at Menie and Foveran are the 

exits of small streams that traverse the dunes to enter the sea through the first dune ridge. 

This appears to limit the northward migration of the dunes and has resulted in the 

segmentation of the Balmedie, Menie and Foveran dunes into a series of subdivisions 

separated by stream courses and exits.  

The dynamics of the sand sheet over a series of years shows rapid changes to its 

boundaries together with internal changes. Over the period from 1949 to 2006, the locus of 

the main sand sheet has migrated north to such a dramatic extent that the sand sheet now 

occupies the site of, or has buried, previously vegetated dune areas, whereas the sheet 

locus of 1949 is now a low-lying and fully vegetated deflation site (Figure 13 & Figure 14). 

However, although variable, the rate of migration of the leading edge in the north has 

generally been slower than the rate of migration of the following edge in the south. Both 

appear to migrate at different rates at different times: rapid migration of the following edge in 

the south between 1949 and 1963 reached about 11ma-1, whilst the northern edge remained 

more or less unchanged, expanding in some areas and retreating in others. This asymmetry 

of migration may be due to more rapid deflation in the south of an already denuded, low-

lying and vegetation-free sand surface. On the other hand, the advancing leading edge of 

the sand sheet is commonly forced to climb uphill to mount pre-existing dune or other 

surfaces at elevation, together with a reduction in sand transport induced by the presence of 

often dense pre-existing vegetation. Similarly, rapid expansion in the northern margin after 

1973 may be due to inundation of areas of lower dunes or more extensive swales between 

dune ridges (Figure 19). 

Although not linear, the trend is for reduction in the extent of bare sand over time. The 

control on sheet area may be weakly related to the degree of access of winds via the blow-

outs that punctuate the coastal edge. Figure 13 shows that during the periods of maximum 
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extent of bare sand on the sheet (1949, 1963), the coastal blow-outs were at their maximum 

widths. Conversely, periods of more restricted sheet extent (1973, 1988) are associated with 

restricted blow-out widths. However, the present sand extent, although less than in 1949, 

remains high at a time when the sand supply from the two main coastal edge feeder blow-

outs has been much reduced. It is possible that the high dunes due east of the sheet and 

north of the feeder blow-outs now act as an alternative supply by feeding sand directly onto 

the sheet itself. What appears fairly clear from the above discussion of the dynamics of the 

sand sheet is that major increases in extent may be forced if the coastal blow-outs reach 

their former extents at the rear of the beach. In this respect a critical zone for future 

monitoring will be the location of the present blow-outs and the coastal edge for some 250m 

to the north of the blow-outs. In November 2006 this area of upper beach was fairly stable 

with 3 low foredune ridges at the rear of the beach. This stability is a likely reason for the 

build up of sand and vegetation that has all but sealed the blow-outs landward.  

It is worth noting that each of the dune systems of Foveran, Drums, and Menie (and indeed 

Balmedie to the south of Menie) forms sand units that are narrow, largely vegetated and 

stable in the south but show increasing width and activity northwards. It also seems that 

northward progression of these dunes under the influence of winds from the south is slowed 

or possibly halted by the presence of streams that traverse the dune areas to exit to the sea. 

One interpretation of the lack of dune and extensive sand cover immediately north and 

northwest of the stream courses is that the streams act as an impediment to the transit of 

sand northwards and, in effect, subdivide the dunes into the systems that we see today. If 

this situation has persisted over a long time, then either the northward migration of dunes is 

a recent phenomenon or the process is cyclic and driven by erosion and accretional phases 

along the beach and coastal edge. Such phases of erosion have been been noted 

elsewhere (e.g. along the Moray Firth) to be driven by varying amounts of sediment delivery 

from updrift. For example, changes in the flux of northward moving sediment from Aberdeen 

Bay will result in spatial and temporal variations in accretion and sediment delivery to the 

Menie and Foveran areas, so that some areas of beach will be full of sediment whilst others 

are depleted, these areas moving slowly downdrift in time. That this latter interpretation is 

the more likely is suggested by Figure 4 to Figure 6. These show changes in the coastal 

edge that can be related to the presence of blow-outs and sand sheet activity over the period 

1973-1994. Over the longer term, since the position of erosional or accretional phases along 

individual sections of the beach and coastal edge will vary both in space and time, then 

reactivation of blow-outs to the south of existing sand sheets, and subsequent northward 

sand sheet migration, is unlikely to be synchronous along the whole coast. 
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Figure 19 Rapid inundation along the northern margin of the Menie sand sheet in 2006 
buries older dunes on a ground surface that falls in height northwards. 
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7 ASSESSMENT OF THE GEOMORPHOLOGICAL 
INTEREST AND CONTEXT OF FOVERAN LINKS SSSI  

The entire area covered by the Foveran Links SSSI dune system, including both sand 

sheets at North Foveran and at Menie, together represents a classic site for coastal dune 

geomorphology. There exists a remarkable assemblage of wind-blown landforms, some of 

which are unique, while others are representative of much of the dune coastline of north-east 

Scotland. The unique features are of outstanding scientific interest both individually and as 

an assemblage, providing an excellent field site for innovative research at a variety of scales.  

SSSIs are designated to conserve a Great-Britain-wide series of features of special scientific 

value for a range of natural heritage interests. For example, the Foveran Links SSSI is 

designated for its geomorphological and ecological interests. Within the boundaries of many 

SSSIs there are areas that have specific qualities and interest for geomorphology or other 

sciences. The most important sites for earth science interests in Great Britain were identified 

in a systematic assessment process, known as the Geological Conservation Review (GCR), 

conducted mainly between 1977 and 1990. The GCR provides the scientific underpinning for 

the notification of earth science features in SSSIs. The criteria for selection of GCR sites are 

that each site must have a special interest that is either representative nationally of the 

diversity and range of similar features, has exceptional features in its own right and/or is of 

international importance (see www.jncc.gov.uk). It is important to recognise that GCR site 

assessment and selection is an ongoing process that depends on the current state, level of 

awareness and scientific understanding of the features of interest. As a result, it is entirely 

feasible that an existing GCR site may be deselected, if the interest has been significantly 

damaged, removed or destroyed (e.g. due to a physical event such as storm/flooding or 

human activity such as quarrying). Equally, an additional site may be selected for the first 

time as a result of new scientific research or heightened awareness or levels of 

understanding of its interest and significance. Further, since many geomorphological GCR 

sites involve dynamic processes, the present site boundaries may no longer contain the 

landforms and should therefore be regarded as time-transgressive.  

Within the GCR site selection process for coastal geomorphology, dunes and sand plains 

are specifically listed as key features meriting conservation. The northern part of Foveran 

Links was originally included within the Forvie GCR site on account of its well-developed 

dunes and dynamic sand sheet feeding sediment into the Ythan and thus the Forvie system 

(May and Hansom 2003). However, at the conclusion of the main phase of GCR site 

assessment in 1990, the sand sheet at Menie Links had not been examined for its potential 
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as a GCR site. Given the details reported above, it is now worth evaluating the Menie dunes 

in the context of the GCR criteria. 

Dargie (2000) reported the total area of vegetated dunes in Scotland to be 50,002ha. 

Expanses of bare sand are concentrated in two main areas: in the Western Isles and in 

north-east Scotland, particularly around Rattray Head and between Forvie and Balmedie. 

Bare sand is not a major feature of the 11,897ha of sand dunes in England or of the 8,101ha 

of Welsh dunes (Dargie 1995; Radley 1995). Since many of the dune systems in England 

and Wales are now relatively stable with few and relatively restricted areas of bare sand, and 

since the sand areas of the Western Isles are mainly small and fragmented, the substantial 

sand sheet areas described above at Strathbeg, Forvie, Foveran and Menie are unique in 

Great Britain, although each of these has specific individual characteristics. The GCR 

volume on the Coastal Geomorphology of Great Britain includes a description and 

interpretation of all the GCR coastal sites identified to date in Great Britain (May & Hansom 

2003). Of these, only the dune zones in north-east Scotland are reported as being 

characterised by the development of substantial sand sheets of the type described above. 

Clearly these sites assume an importance arising from their exceptional features and 

national/international significance (Table 4).  

Strathbeg was selected as a GCR site and has a large area of bare sand that is likely the 

result of coalesced blow-outs that variously allow sand to migrate inland, and locally over 

adjacent dunes. The coastal evolution and sand-blow dynamics at Strathbeg have been the 

focus of past geomorphological research (reviewed in May & Hansom 2003). However, the 

direction and degree of movement of sand at Strathbeg is neither as rapid nor consistent in 

its direction of migration as the sand sheets to the south.  

Forvie was also selected as a GCR site (May & Hansom 2003). The sand sheet at South 

Forvie is unique nationally and internationally on account of its unique parabolic dunes, 

history of migrating sand waves and its contribution to a circulatory sediment system, as well 

as substantial body of published research. Dune migration to the west leads to sand losses 

into the Ythan estuary, resulting in sand being recycled by river and tidal flows back to the 

South Forvie foreshore and subsequently blown from the beach back onto the sand sheet. 

Forvie is fully worthy of GCR status, as is the feeder beach and dune complex on the south 

shore of the Ythan exit at North Foveran, which is included within the Forvie GCR site on 

account of its relationship to the intertidal sand bars of the Ythan exit immediately to the 

north and its dunes and areas of bare sand sheet.  
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Table 4 The relative importance of the NE Scotland sand sheets and dune systems as 
gauged against the GCR criteria for coastal geomorphology sites. The part of 
Menie Links that lies within Foveran Links SSSI (see Figure 2) emerges as a site 
with internationally important dynamic landforms, yet is notable as the only site 
that lacks GCR status. 

Site and 
Status 

Special interest GCR criterion GCR criterion GCR Criterion 

  Representative 
features 

Exceptional 
features 

National/ 
International 
importance 

Strathbeg 
GCR 

Shore-parallel dune 
ridges, large 
blowouts, sand 
sheet, restricted 
sediment supply 

Dune ridges and 
slack systems 

Parabolic blow-
outs 

Nationally 
important dunes 
and sand sheet. 
Internationally 
important 
parabolic dunes 

Forvie 
GCR 

Shore-parallel dune 
ridges, well-
documented dune 
movement, large 
parabolic dunes, re-
circulating sand 
supply to sand 
sheet, limited 
migration north 

Dune ridges and 
slack systems 

Re-circulating 
sediment system 
supplies sand 
sheet; 
exceptional 
parabolic dunes 
in north 

Internationally 
important re-
circulating sand 
sheet. 
Internationally 
important 
parabolic dunes 

North 
Foveran 
GCR 

Shore-parallel dune 
ridges, north-moving 
sand sheet now 
stabilising with 
restricted sediment 
supply, sand feed to 
Ythan and Forvie to 
north 

Dune ridges and 
slack systems 

Now restricted 
sand sheet 
movement due to 
reduction in sand 
supply 

Nationally 
important, 
diminishing 
sediment supply 
contributing to 
reduced 
dynamics of 
sand sheet 

Menie 
Links SSSI 

Shore-parallel dune 
ridges, highly 
dynamic sand sheet 
migrating north, 
controlled by sand 
feed from south and 
driven by breaks in 
the coastal dune 
ridge 

Dune ridges and 
slack systems 

Highly dynamic 
large sand sheet. 
Migration north in 
recent years has 
been fuelled by 
dynamic sand 
supply from the 
south 

Internationally 
important, 
ongoing wind-
driven sediment 
feed and rapid 
north migration 
of sand sheet 
landforms 

 

The North Foveran and Menie systems are not strictly comparable to the sand sheets of the 

Forvie system since they appear to be initiated by the opening of coastal blow-outs whose 

subsequent evolution and narrowing then controls the dynamics and extent of the sand 

sheet. As part of the sand sheet evolution, secondary sand sources may become available 

via deflation of adjacent high dunes and deflation of dunes originally inundated by the transit 

of the sand sheet but now emergent as butte dunes on the following edge slope of the sheet. 
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The northward progression of the sand sheet over mature, pre-existing dunes is rapid but 

may be slowed by rising ground and largely truncated by the occurrence of small streams 

flowing to the sea, although moderate amounts of sand may bypass the stream via wind 

blow. 

North Foveran was selected as an integral part of the Forvie GCR site, although it has 

attracted only limited geomorphological study to date. The bare sand sheet at North Foveran 

differs in scientific interest from the sand sheet at Menie for two inter-related reasons. First, it 

has been subject to substantial modification by human (military) activity (loading ramps and 

pill boxes now emerge from the eroded dunes) and it has suffered an unknown amount of 

sand excavation. Deflation is now slowing due to the surface armouring of substantial 

amounts of building waste (rusted metal and concrete fragments). Second, its bare sand 

area has declined substantially since 1973. This can be seen from examination of the 1994 

photography, and further shrinkage and deflation has occurred since then. It is likely that this 

reduction in dynamism and shrinkage of bare sand area at Foveran are related to 

emplacement in the recent past of several sets of concrete blocks across the entrances to 

the coastal blow-outs. The aim of such a strategy would be to slow frontal erosion of the 

dunes and restrict the access of wind in order to encourage stabilisation of the frontal dune 

cordon rather than of the sand sheet inland. The strategy appears to be slowly effective from 

a frontal erosion perspective but has resulted in the slowing of the sand feed to the inland 

bare sand area and thus a reduction in the mobility and areal extent of this surface. The 

progress of these measures on the stability or otherwise of this sand sheet in the future adds 

to the scientific interest and, as such, supports its continued inclusion within the Forvie GCR 

site, but it represents a different system from that at Menie.  

As noted above, Menie Links has not previously been identified as a GCR site, although the 

northern part from the south margin of the sand sheet north is included within the Foveran 

Links SSSI. Surprisingly, it has attracted no geomorphological research to date. The unique 

elements of the Menie dunes are the scale and dynamism of the sand sheet, the rate of 

inundation of adjacent dune features and the lack of human interference. One element within 

the evolutionary sequence which requires comment is the long-lived nature of the bare sheet 

of sand that dominates Menie. The lack of vegetation colonisation suggests a vigorous 

aeolian environment hostile to the establishment of pioneer species and dune grasses that 

flourish on adjacent dunes. The unvegetated sand sheet represents a landform that is in 

dynamic equilibrium with its current sand budget, with losses to the north balanced by inputs 

from the beach areas to the south and east, the rapid transit of sand over the surface 

preventing colonisation. Once the sand sheet has moved north, however, the rate of 
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colonisation of the deflated surfaces over which it has transited is remarkable. Crucially, the 

sand feed from the dunes and beach downwind holds the key to the long-lived nature of the 

sand sheet and this would constitute a justification for regarding the entire area of Menie 

Links as a unique assemblage of functionally interrelated landforms, especially if erosion 

recommences in the south close to the beach. There appears little doubt that the sand sheet 

of Menie fulfils all of the criteria for GCR selection and it is surprising that it was not selected 

in the 1990s. A minimum potential boundary for the site would be that of the existing 

Foveran Links SSSI. A more extensive boundary could include the deflated area to the south 

of the sand sheet as far as Menie Burn, but this area is of lesser geomorphological 

importance than the sand sheet, although its botanical interest is likely to be high. Its 

geomorphological interest lies in it being an area from which the sand sheet originated and 

then migrated and is now stable. It is similar to the vegetated dune system at Drums where 

the Foveran sand sheet originated. Since this system is contained within the existing SSSI, it 

could thus serve as an example of this type of landform, without needing to extend the 

proposed GCR site boundary as far south as Menie Burn. If the northward migration is 

maintained, then it is possible that the Sandend Burn may not halt migration and thus Drums 

Links may become a northward extension of the Menie sand sheet.  

In sum, the dune system that lies within the current boundaries of Foveran Links SSSI (i.e. 

Menie, Drums and Foveran Links) represents a site of great scientific and natural heritage 

interest and a valuable geomorphological resource that is fully worthy of GCR and SSSI 

status. Indeed it is of GCR status in its entirety from the southern end of the sand sheet 

northwards. Amongst the very small number of comparable dune sites containing sand 

sheets in Scotland and elsewhere in Great Britain, the undisturbed sand sheet at Menie is 

the most extensive, dynamic and demonstrably systematic in its mode of transit of any such 

feature. Although much of central and north Menie lies within the Foveran Links SSSI, to 

date it is not included within the GCR in spite of a clear fulfilment of all of the GCR criteria. It 

is thus of national importance as a GCR site and should be included either within an 

extension to the Forvie GCR site or identified as a separate site in its own right. 

Furthermore, in view of the relatively unique north-west European context of the north-east 

coast of Scotland, the Menie sand sheet is also of great interest and scientific value in the 

international context.   
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9 INDEPENDENT ASSESSMENTS OF THE 
GEOMORPHOLOGICAL INTERESTS OF MENIE LINKS 

As part of the standard SNH Quality Assurance (QA) process, an independent review of this 

report was sought from a relevant expert, Professor J. McManus (St Andrews University). A 

full version of the report was made available to Professor McManus for this purpose. 

Professor McManus has provided a statement detailing his independent views on both the 

report and the geomorphological interests of Foveran and Menie Links in particular.  

To support any future possible submission to the Joint Nature Conservation Committee 

(JNCC) to consider the Menie Links as a GCR site, two further expert opinions were sought 

from Professor V. May (Bournmouth University) and the British Geological Survey (Dr Smith, 

Chief Geologist, Scotland). Details of the site location were provided to the British Geological 

Survey and electronic and paper copies of the basic historical aerial photo analysis (Figures 

13-15 &17-18, from this report) were made available to Professor May. However, to ensure 

independence, they were not provided with the results and recommendations presented in 

the report nor the comments of Professor McManus. Their statements are included here for 

completeness. 

9.1 Professor Emeritus John McManus (St Andrews University) 
The Menie dunes, sand sheet and slacks 

The Scottish Natural Heritage Commissioned Report No 232 on the Foveran Links Site of 

Special Scientific Interest prepared by Dr Jim Hansom, of the University of Glasgow, 

identified the Menie Sands at the southern end of the SSSI as being of quite exceptional 

quality and interest for its geomorphological characteristics.  The site lies within an area 

which had previously been identified and listed as part of the SSSI on the quality of its 

botanical assets and Dr Hansom drew attention to the fact that, had the site been better 

known it would have already been identified as being of at least the status of SSSI status on 

Geomorphological grounds, and indeed would have merited recognition within the listings of 

Geological Conservation Review (GCR) sites.  The category of GCR site would have 

identified the location as being the very topmost site of its kind in the United Kingdom, it 

being unsurpassed in the quality of its scientific interest.  

As a former representative of Scottish Natural Heritage on the Joint Nature Conservancy 

Council review panel, established in 1998 to monitor progress with the publication of the 

details of the GCR site for the full range of categories of Geological and Geomorphological 
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interests. I was asked to visit the Menie site and assess whether in my experience the 

location was indeed appropriate for inclusion withn the GCR listings. I am familiar with the 

coasts and dune systems of most of Scotland, except the Hebrides, with many parts of the 

English and Welsh coastlines, including many of the SSSIs. 

Unlike Botanically identified SSSIs, which may be identified in several adjacent 

administrative districts, the GCR sites are considered to be unique within the United 

Kingdom, either for their quality and scale of their features, or their significance as sites at 

which particularly important stratigraphic boundaries have been recognised or scientific 

principles were first unravelled. 

I visited the Menie sands on two occasions in early November 2007.  On the first visit I was 

able to confirm the scale, distribution and exceptional nature of the deposits, noting 

especially the truly extensive area of bare, mobile sand and the scale of the associated and 

remnant dune systems.  On that occasion there was a stiff breeze from the south-east which 

was driving the dry sands towards the north-west, up the gulleys and across the surface of 

the sand dome, showing mobile ripples in many places.  It is known that along the Scottish 

east coast the south-easterly winds often dominate the active processes on the beaches and 

associated dunes.  It was noted that the sites with interesting vegetation very largely had the 

form of inter-dune slacks, and these were recognised at several different levels around the 

eastern margins of the sands. 

On the second visit I was accompanied by Dr Jack Jarvis, also a very experienced coastal 

geomorphologist very familiar with golf courses along the Scottish coastlines. It had been 

noted that while Dr Hansom and his colleague had used GPS measuring to determine the 

locations of the various features, they had reported only on the positions in terms of eastings 

and westings.  During this second examination a Differential GPS system was used to 

provide some preliminary information on the actual heights of the dunes and the levels of the 

associated slack systems.  During this visit the winds were from the north and some of the 

sand was migrating southwards along the gulleys and down the slopes of the sand dome. 

A series of traverses across the dunes, along the axis of the sand dome, and into several of 

the marginal slack areas provided information indicating that the highest remnant dunes, 

which lay towards the west, reached up to 34.8m above Ordnance Datum.  A second series 

of levels on dunes towards the north reached 29m, whereas the lowest dune crests 

measured, reaching 15.9m were those measured by the end of the entrance pathway.  

There are dunes at lower levels behind the modern beach, but these were not approached 

on this occasion.  The main sand dome rose to a height of 23.58m on the survey day.   The 
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lowest point of the survey lay by the end of the entrance track.  The ground here appeared to 

have suffered some interference by man in the past and gave figures of around 3m above 

Ordnance Datum.  This area probably functioned as a slack at some time.  To the east of the 

sand dome, at 10.5m is a well developed slack with very varied vegetation.  North of this 

feature is a further slack at 18.96m to 19.9m, and to the north of the final dune the slack floor 

is at 22.6m.  These flat-floored features may have been developed at their present height, 

but small-scale excavation indicated that these areas were floored by sands, some of which 

will undoubtedly have blown into the relatively sheltered environments. 

In the south-west of the area examined there are several soil horizons exposed.  Some of 

these have residual plant fragments in them.  Elsewhere there are thin layers of dark 

colouration, but it is not clear whether these represent former soils.  Erosion on the sides of 

the 'butte' structures is exposing the original internal features of the dunes.  Both Carbon 14 

and thermo-luminescence dating techniques could potentially be used to clarify the historic 

detail in an area for which there is tantalisingly little information available. 

There is no doubt in my mind that the Menie sands represent a truly exceptional series of 

formations of a scale of development not seen elsewhere in Britain.  The dune system 

extends seawards from what appears to be the former late-glacial cliff-line, and may in itself 

contain detailed evidence of the changes of sea level through the last 10-12000 years.  From 

a geomorphological viewpoint I believe it to be unique, a word which is not used lightly 

In conclusion, I would support the recommendation that the site be identified as a client GCR 

site and that urgent steps be taken to confirm that status.  I do believe that very valuable 

material of scientific interest would be lost if development were to go ahead on the dunes 

and sand sheet.  By all means let development go ahead to the landward, but it is most 

important that the dune, sand dome and slack system be allowed to survive in their natural 

form.  We have few enough of these in the United Kingdom and this best example should be 

given the fullest protection. 

Prof J McManus PhD, DSc, FRSE, FRSGS(Hon), C.Geol., St Andrews University. 18/11/07 
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9.2 Professor Vincent May (Bournmouth University) 
GEOLOGICAL CONSERVATION REVIEW: COASTAL GEOMORPHOLOGY OF GREAT 

BRITAIN 

Site assessment: Potential site: Menie sand sheet. Submitted to SNH on 10th November 

2007. 

9.2.1 Procedure 

The procedure followed for this assessment was the same as for all sites on the coast of 

England and Wales reviewed in the original GCR assessment (May and Ellis 2003). On the 

basis of this process, a long-list of 186 sites was drawn up and all were visited. A short list of 

59 sites was then identified which met the requirements of the GCR both in terms of 

scientific significance and representativeness. A number of the Scottish mainland sites were 

also visited in 1983, including the Sands of Forvie.  

The coastal dunes between Balmedie and Drums were visited for the purposes of this report 

on 26th October 2007. 

9.2.2 Introduction 

The Menie site lies within the dune coast of Aberdeen Bay which extends for some 22 km 

from Girdle Ness to the Sands of Forvie. Forvie, and Foveran and Menie Links are 

recognised as integral components of the Aberdeen Bay sediment cell/log-spiral system, 

although the latter is not in an equilibrium state and is subject to “permanent “ modification 

between Aberdeen and Donmouth (Halcrow Crouch 1999). Halcrow Crouch reported (1999; 

p.61) that there was severe erosion, with annual retreat rates of between 3 and 4 m, in the 

southern part of the Bay as far north as Black Dog Links. According to the report, the 

shoreline north of Black Dog appeared to stabilise, with accretion occurring north of Menie 

Links. However, Figure 5.4 of the report shows net retreat north of Menie Links between 

1883 and 1985 with accretion only occurring between 1883 and 1932, after which it was 

replaced by net shoreline loss. Wright (2001, p.17) states that  “there is clear evidence  

(based on 1967-94 change) of massive redistribution of bare sand from south to north 

indicative of broader trends in Aberdeen Bay)”. However, he also argues that the significant 

seaward growth of dunes at Foveran is evidence for this area being an emergent beach 

(pp.11, 12 and 17). 

Regarding coast protection works in the southern bay, Halcrow Crouch concludes (p.114) 

that “an attempts to arrest this natural process may result in the accentuation of erosion 
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events in other areas of the Bay”. However, on p.90, the report states that coast protection 

works “will increase the length of currently eroding coast up from Black Dog to Mill of Menie 

in its extreme, but will not affect the designated areas of Foveran Links and Forvie sands”. 

Nevertheless, at the time of the site visit, the toe of the dunes between Balmedie and Drums 

had been eroded sufficiently to expose vertical faces of up to 2 m in height. 

Both Wright (p.13) and Halcrow Crouch comment on the effects of net rising sea levels, the 

latter stating that at present there is a reduction in the rate of isostatic emergence, i.e. 

relative sea level fall. It was proposed that the rate of eustatic sea level rise now exceeded 

the rate of isostatic sea level fall. In the past, net sea level change registered on this coast 

as a fall in sea level relative to the land and thus emergent coasts. If, however, eustatic sea 

level is now rising faster than the rate of isostatic recovery, relative sea level is rising, and so 

formerly emergent coasts become submergent coasts. Under submergent conditions, there 

is an increased risk of erosion of the backshore. If the rate of isostatic recovery continues to 

slow, but the rate of eustatic sea level rise remains constant or increases, then the coast will 

be progressively more exposed to deepening water. The shore profile will tend to transgress 

the land, i.e. the coastline will erode. 

Erosion or accretion of this coast is not only a function of relative sea level change: it also 

depends upon the wave climate, and in the case of a dune coast, wind direction and speed. 

The historical record of this coast indicates that there have been some periods when, rather 

than the normal south to north movement sand along the coast under waves mainly from a 

south-eastern direction, sand movement has reversed and net transport was from north to 

south. The overall log-spiral planform of the bay indicates that waves from the ESE to SE 

direction are the controlling force. Blowouts in the coastal sand ridges allow sand to be 

transported inland, although Halcrow Crouch (1999) believed that the transfer from beach to 

dunes north of Balmedie is only a few thousand cubic metres annually and so is “a minor 

factor” in net shoreline sediment transport. Offshore winds from a generally SW or W 

direction may erode any south or west-facing bare sand surfaces and move sand northwards 

or seawards. Aerial photographs (both vertical and oblique) dating from the 1940s show that 

most bare sand areas either extend inland normal to the shore line or more commonly are 

aligned from SE to NW. Steers (1973) states that the “dominant trend of sand movement is 

generally from south-east to north-west”, a pattern confirmed by Ritchie et al (1978). Steers 

writing in 1973 of this coast said “series of conical sandhills are more common than parallel 

lines of dunes: the undercut coastal edge is more common than lines of embryo dunes.” 

(p.242). Had he visited at the same time as this visit, he could have written the same. 
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Another element of the wave climate which is expected to increase in the future is the 

frequency of storm surges in the North Sea. Although the alignment of Aberdeen Bay means 

that it is not directly exposed to the effects of these surges, elevated water levels on 

refracted waves may affect the stability of this coast more frequently. 

9.2.3 The Menie sand sheet 

The Menie sand sheet is one of several such features within the coastal dunes between the 

Rivers Don and Ythan. Steers (1973) refers to a series of blowouts and Ritchie, Smith and 

Rose (1978, p.185)  describe an ‘extensive sand wave which dominates the topography of 

the north part of Menie links’. It lies within the Foveran SSSI.  

The northern edge of the sand sheet is bounded by a high (c. 20m) linear dune aligned 

south-east to north-west, vegetated on its northern side and largely bare on its southern 

side. In places, this south-facing slope forms a steep cliffed sand slope in which there are 

exposures of internal current bedding.  Aerial photography since 1949 shows that the area of 

bare sand has migrated northwards, whilst at the same time maintaining a south-east to 

north-west trend in the main ridge features. To the south of the sand sheet there are 

extensive areas of partly vegetated ground which are cut by small streams and show 

evidence of deflation surfaces. These areas were previously covered by blown sand and 

formed the southern or trailing-edge of the sand sheet. As the sand sheet has migrated 

northwards, these areas which include areas of former dune slacks have become re-

exposed. Between the northern ridge and this re-exposed area, there is a large bare sand 

area. This comprises former sand dunes which have been planed across exposing 

horizontal patterns of the current bedding and thin mobile sand sheets which are migrating 

north and north-westwards. The surface of the bare sand area undulates producing a small 

number of sub-parallel sand waves. It is not clear if these result from the underlying 

topography or if they are newly formed sand waves within the sand sheet. However, their 

form and amplitude are similar to sand waves observed further north at Foveran and on the 

large sand sheet on Forvie. This needs further analysis. 

The general pattern of (a) south-east to north-west dune ridges, (b) sand sheet and (c) re-

exposed dune and slack surfaces is repeated in the sand sheet north of Menie (immediately 

south of the Sandend Burn) and at Balmedie. 

Extensive sand sheets or sand waves are not common in British dunes and those which 

exist are small by international standards. Nevertheless, their presence in such locations as 

Forvie and Strathbeg  where the sand sheet and waves occur within larger areas of bare 

sand has been one element of these sites’ national significance. At Menie, in contrast, they 
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are surrounded by vegetated dunes and migrate covering former areas of dune and slack 

whilst abandoning and re-exposing former slacks and dune deflation surfaces.  As a result, 

there is a continuing change of landform characteristics. 

Ritchie (2001:p. 11) says that blowouts “have a predictable evolution which will reach an 

equilibrium of a reduced surface altitude, undulating relief, full revegetation and 

geomorphological inactivity”, but does not suggest any time scale. Ranwell (1958), however, 

found a time scale of 70-80 years typified a dune building sequence with dune movement 

exactly normal to the shoreline at Newborough Warren. Ranwell (1972) reports annual rates 

of between 1.1 and 9.1 m   for coastal dune movement. The sand area at Menie has 

maximum annual rates of movement of about 8 m. Compared to the annual rate of 

movement was 6.7 m at Newborough where wind flow is normal to the shore, a mean annual 

movement rate for Menie of  7.9 m is surprising when the wind direction is not normal but at 

an angle to the shore.  Following Ranwell’s model, it could be expected that the blowout 

area would migrate inland and then stabilize. It has not done this, for although the main 

alignment is SE-NW the sheet as a whole has moved north and has not yet stabilized and 

shows no tendency to stop moving. This is due at least in part to the bimodal wind flow 

which affects this site.  

The similar features at Balmedie and Sandend behave in the same way as the Menie sand 

sheet, suggesting that, once these blowouts develop, they are self-maintaining. Indeed, in 

describing the Balmedie feature, Ritchie, et al (1978: p.178) and Ritchie (1983: p. 8) 

suggested that the “process might be self-accelerating” because of wind channeling resulting 

from deep topographical dissection. Although this proposition needs further analysis and 

Ritchie commented that detailed research was needed, this does not appear to have 

occurred. Nevertheless, the suggested mechanisms are unusual amongst British dunes and 

this, together with the identified need for research, would merit designation for this reason 

alone of this area of dunes as a GCR Coastal Geomorphology site. Although Ritchie’s 

comment was based on the investigation of Balmedie, the same patterns occur at Menie and 

Sandend. 

The inclusion of Balmedie within a GCR site could be more difficult to justify. It was 

significantly eroded in the past by recreational activity and this undoubtedly accelerated the 

development of the blowout. However, despite the reduction and effective management of 

visitor pressures on the Balmedie area, the sand area, rather than stabilizing and becoming 

re-vegetated in-situ, has also adopted the northwards migration pattern seen at Menie. 

Ritchie (1983) described the “great convex ridge of totally bare sand” as a “ most impressive 

landform”. As a result, it would be consistent with GCR principles to include the Balmedie 
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feature within a Coastal Geomorphology GCR site. Menie and Sandend already lie within the 

Foveran SSSI and the appropriate boundary for an extension of the Sands of Forvie GCR 

site would be the existing SSSI boundary. However, given that Ritchie first identified this 

process at Balmedie, that the feature itself is moving north and that it appears to be part of a 

consistent process of sand transport northwards, serious consideration should be given to 

further extension of the GCR site to include this feature. 

9.2.4 Assessment 

The Sands of Forvie GCR site should be extended south to include the area currently within 

the Foveran Links SSSI. The Menie Links landforms warrant inclusion as a GCR Coastal 

Geomorphology site because: 

1. The migrating sand sheet is a rare feature on the British coast. Although blow-outs 

occur on most dune coasts, there are very few locations where such features migrate 

consistently along the coast. 

2. Sand sheets typically occur on the British coast within existing bare sand areas. 

There are very few which are contained within the main vegetation complex of the site. As 

the Menie and associated sand sheets migrate, they cover the dune and slack vegetation to 

the north and re-expose the previously sand-covered habitats to the south. This is also an 

unusual feature of the Menie features. 

3. It has been suggested that the features may be self-maintaining or ‘self-accelerating’ 

(Ritchie 1978). 

4. This pattern of sand transport within vegetated coastal dunes is poorly recorded and 

researched, but it has been identified as a topic requiring research. 

5. The rate and extent of migration are well recorded by a series of aerial photographs 

from 1949 onwards. These provide a very good opportunity to analyse the nature and rate of 

migration in relation to climatic variability. There is a consistent pattern of migration. 

6. Within the site, there are excellent exposures of current deflation surfaces and 

exhumed surfaces. 

7. The coast is at a stage of transition from emergent to submergent conditions and so 

provides a rare opportunity to examine the ways in which dune systems respond to these 

changing conditions. 
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8. To the extent that these migrating dune systems form a potential historical and future 

source of sand for the beaches further north, they have to be regarded as integral parts of 

the overall Aberdeen Bay longshore sediment transport system. Their potential long-term 

contribution to the sand accumulation at Sands of Forvie needs to be better understood. 

9. The sand sheets at Sandend (at the northern end of Menie Links) and Balmedie form 

part of the overall dune sand transport system and warrant consideration for inclusion within 

an extended  Sands of Forvie GCR Site or separate designation as a GCR site. 
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As Joint Editor (with J. Hansom) “Coastal Geomorphology of Great Britain” Geological 

Conservation Review Series, No.28, Joint Nature Conservation Committee, Peterborough, 

737 pp. he was responsible for the identification, description and justification of the coastal 

geomorphology GCR sites within England and Wales.  

He has also acted as Joint GCR Editor “Mass-Movements of Great Britain”, by R G Cooper 
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9.3 British Geological Survey  

 

Professor John Gordon 
Scottish Natural Heritage 
2/5 Anderson Place 
Edinburgh 
EH6 5NP 

Edinburgh 
Murchison House 
West Mains Road 
Edinburgh 
United Kingdom 
EH9 3LA 
 
Telephone +44(0)131 6671000 
Direct Line +44(0)131 6500320 
Main Fax +44(0)131 6682683 
Direct Fax +44(0)131 6682683 
E-mail msmi@bgs.ac.uk 
 
30 Aug 2007 

Dear John, 

BRITISH GEOLOGICAL SURVEY report on Nomination of Menie Links, 
north of Aberdeen, as a new Geological Conservation Review 
(GCR) site for coastal geomorphology 
 
Scottish Natural Heritage is proposing to nominate Menie 
Links, north of Aberdeen, as a new GCR site for coastal 
geomorphology on account of its dynamic sand sheet and sand 
dune landforms and coastal processes. The site falls within 
the southern part of the existing Foveran Links SSSI, but was 
overlooked for the GCE, the northern part of the SSSI was 
included as part of the Sands of Forvie GCR site. As part of 
the procedure for putting forward nominations for new GCR 
sites, as agreed with JNCC, SNH seeks to obtain a statement 
from BGS on the scientific importance of the site. 
 
The site falls on Sheet 77 (Aberdeen) of the 1 :50,000 scale 
geological map of Scotland, a new Superficial Deposits edition 
of which was published in 2004. A more detailed map at the 
1:25,000 scale is also available (Sheet NJ82192). The maps are 
based on walk-over surveys undertaken at the 1:10,000 scale 
undertaken in 1984 and 1998. Our current knowledge is based on 
the results on these surveys, which were directed mainly 
towards delineating and determining the nature and origin of 
superficial deposits. 
 
The sand dunes and sheets rest upon a broad raised beach that 
was created during a high relative sea level stand some 6,000 
years or so ago in the mid-Holocene. The feature stands a few 
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metres above OD and is composed of pebbly sand interbedded 
with organic sandy silt and peat. Although similar features 
occur along the eastern coast of Scotland to the south, they 
decline in altitude north-eastwards towards the mouth of the 
River Ythan, where they reach present sea level. Foveran is 
therefore about the farthest north that the feature occurs and 
where organic sediments associated with it may be analysed in 
future studies charting former changes in sea level. 
 
The raised beach is backed by a former cliffline that is 
largely obscured, and hence protected beneath blown sand 
within the site. The former Coast Guard Lookout at Leyton is 
built on this 'Main Postglacial Cliffline', at the base of 
which a deposit of weathered till is occasionally exposed. 
This Banchory Till was laid down by ice flowing from inland in 
contrast to the much more widespread and younger, vivid 
reddish brown Hatton Till in the area, which was deposited by 
ice flowing onshore from the North Sea basin. The two tills 
are capped by a spread of sand and gravel of presumed 
glaciofluvial origin that underlies the western part of the 
site towards Hatterseat. 
 
We conclude that the site contains an unrivalled suite of 
geomorphological features and deposits that are of 
considerable national scientific interest. It contains dynamic 
sand sheets and sand dune landforms that have been relatively 
undisturbed by human activities and that are important in 
studies of current coastal processes. It also includes a range 
of older landforms and related deposits that provide a 
valuable insight into longer-term sea level and environmental 
change since at least the last glaciation of the region. Our 
coastal geology experts within BGS could undertake a more 
detailed literature search and study of the dynamic sand 
sheets and dunes within the site, if required. 
 

 
 
 
 
Dr Martin Smith 
Chief Geologist, Scotland 
30th August 2007 
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APPENDIX: GLOSSARY 
 
A Class tide 
gauge 

One of a UK network of 
tide gauges maintained to 
the highest and most 
consistent standards. 

Accretion The accumulation of 
(beach) sediment, 
deposited by natural 
processes. 

Apron Layers of stone, concrete 
or other material to protect 
the toe of a structure such 
as a seawall. 

Armour unit Coastal area between the 
beach head and high 
water, potentially affected 
by large waves during high 
tides. 

Backshore Coastal area between the 
beach head and high 
water, potentially affected 
by large waves during high 
tides. 

Barrier beach A sand or shingle bar 
above high tide, parallel to 
the coastline and 
separated from it by a 
lagoon. 

Bathymetry Seabed topography. 
Beach A deposit of non-cohesive 

mobile material (e.g. sand, 
gravel) situated on the 
interface between dry land 
and the sea (or other 
expanses of water). 

Beach face The area from the beach 
crest out to the limit of 
sediment movement. 

Beach head Ridge, cliff, dune or sea 
defence forming the 
landward limit of the 
potentially active beach. 

Beach profile Beach cross section 
perpendicular to the shore, 
which may extend from the 
backshore, across the 
foreshore and into the 
nearshore zone. 

Beach recharge Mechanical addition of 
imported sediment to a 
beach, also known as 
beach replenishment or 
beach nourishment. 

Berm Beach: near horizontal 
plateau above high water, 
formed by deposition of 
beach material by wave 

action or by mechanical 
plant as part of a beach 
recharge scheme. 
Structure: near horizontal 
area, often separating the 
upper part of a seawall or 
revetment from the lower 
part. 

Binding Use of chemical glues to 
create a skin across a 
sediment surface. Usually 
applied by spraying. 

Blowout Wind-eroded area within a 
dune system. 

Boulder A rounded rock on a 
beach, greater than 
250mm in diameter. 

Breaching Failure of the beach head 
allowing flooding by tidal 
action. 

Breaker zone The zone within which 
waves approaching the 
coastline commence 
breaking, typically in water 
depths of between 5 and 
10 metres. 

Breastwork Vertically faced or steeply 
inclined structure built 
parallel to the shoreline, at 
or near the crest of the 
beach, to resist erosion, 
usually made of timber. 

Breakwater Large coastal structure 
designed to protect an 
area from wave action, 
either for navigation or 
coastal defence. Can be 
connected to or detached 
from the shoreline. 

Bypassing Moving beach material 
from the up-drift to the 
down-drift side of an 
obstruction to long-shore-
drift (i.e. harbour 
breakwater, estuary or 
river mouth). 

Chart datum 
 

The level to which both 
tidal levels and water 
depths are reduced on 
most UK charts. This level 
is approximately the 
predicted lowest 
astronomical tide level 
(LAT). 

Coastal cell See Sediment cell 
Coastal defence General term used to 
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encompass both coast 
protection against erosion 
and sea defence against 
flooding. 

Coast 
protection 

Works or management 
operations intended to 
control coastal erosion. 

Coastal 
processes 

Collective term covering 
the action of natural forces 
on the shore and 
nearshore seabed. 

Coastal 
squeeze 

The effect when hard 
defences (including 
beaches fixed in position 
by control structures) 
interrupt the natural 
response of the shoreline 
to sea-level rise, restricting 
landward retreat and 
resulting in loss of the 
intertidal habitat. 

Cobble  A rounded rock on a 
beach, with diameter 
ranging from about 75 to 
250mm; see also boulder, 
gravel, shingle. 

Cohesive 
sediment 

Sediment containing a 
significant proportion of 
clays, the electromagnetic 
properties of which cause 
the sediment to bind 
together. 

Community Plants and/or animals 
living together under 
characteristic, 
recognisable conditions. 

Core An inner, often much less 
permeable portion of a 
breakwater, or barrier 
beach. 

Crest Highest point on a beach 
face, breakwater or 
seawall. 

Cross-shore Perpendicular to the 
shoreline. 

Deflation Erosion of dunes by wind 
action. 

Design wave 
condition 

Usually an extreme wave 
condition with a specified 
return period used in the 
design of coastal works. 

Detached 
breakwater 

A breakwater without any 
constructed connection to 
the shore. 

Diffraction Process affecting wave 
propagation, by which 
wave energy is radiated 
normal to the direction of 
wave propagation into the 
lee of an island or 

breakwater. 
Dominant winds Winds with greatest effect 

on shoreline processes. 
Downdrift Direction to which material 

is being transported in the 
littoral zone. 

Dunes Accumulations of 
windblown sand on the 
backshore, usually in the 
form of small hills or 
ridges, stabilised by 
vegetation or control 
structures. 

Dune face The seaward face of a 
dune system where 
coastal processes may 
cause erosion or accretion. 

Ebb Period when tide level is 
falling; often taken to mean 
the ebb current that occurs 
during this period. 

Embankment A bank protecting land 
from flooding. 

Estuary A semi-enclosed coastal 
body of water within which 
seawater is measurably 
diluted with freshwater 
derived from land 
drainage. 

Extreme The value expected to be 
exceeded once, on 
average, in a given (long) 
period of time. 

Fetch Distance over which a 
wind acts to produce 
waves; also termed fetch 
length. 

Fetch limited Situation in which wave 
energy (or wave height) is 
limited by the size of the 
wave generation area 
(fetch). 

Fixed dune Dune with a surface 
stabilised by vegetation. 

Foredune Developing dune which 
lies nearest the sea in a 
prograding system; also 
termed embryo dune. 

Foreshore Shore between high and 
low water; see also 
intertidal. 

Freeboard The height of the crest of a 
structure above the still 
water level. 

Gabion Wire mesh basket filled 
with rock. 

Geotextile Synthetic or natural fabrics 
used in engineering to 
separate layers of granular 
material. 
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Gravel  Beach material usually 
well rounded and between 
about 2mm and 75mm in 
diameter; see also shingle. 

Grey dune Well vegetated fixed dune 
with mosses, lichens, 
grasses and herbs. 

Groyne Narrow, shore-normal 
(approximately) structure 
built to reduce longshore 
currents, and/or to trap and 
retain beach material. Most 
groynes are of timber or 
rock, and extend from the 
beach head across the 
foreshore. 

Groyne bay The beach compartment 
between two groynes. 

Habitat The recognisable area or 
type of environment in 
which an organism 
normally lives. 

Hard defences General term applied to 
impermeable coastal 
defence structures of 
concrete, timber, steel, 
masonry etc, which reflect 
a high proportion of 
incident wave energy (cf. 
Soft defences). 

Headland Hard feature (natural or 
artificial) forming local limit 
of longshore extent of a 
beach. 

Intertidal  The zone between high 
and low tide lines; see also 
foreshore. 

Joint probability The probability of two (or 
more) events occurring 
together. 

Leaching The process by which 
percolating water removes 
nutrients from the soil. 

Littoral drift Movement of beach 
material in the littoral zone 
under the influence of 
waves and currents. 

Littoral zone Zone from the beach head 
seawards to the limit of 
wave-induced sediment 
movement. 

Longshore drift Movement of (beach) 
sediments approximately 
parallel to the coastline. 

Machair Sandy coastal plain, 
typically calcareous (as 
found in north-west 
Scotland). 

Macro-tidal Tidal range greater than 
4m. 

Meso-tidal Tidal range between 2m 
and 4m. 

Micro-tidal Tidal range less than 2m. 
Mud flat An area of fine silt usually 

exposed at low tide but 
covered at high tide, 
occurring in sheltered 
estuaries or behind shingle 
bars or sand spits. 

Mulching Mixing organic material 
into the sediment surface 
to reduce erosion, moisten 
the surface and fertilise the 
soil. 

Natural 
succession 

The process by which one 
community of organisms 
gives way to another in an 
orderly series from 
colonisers to climax. 

Neap tide Tide of least range in the 
fortnightly tidal cycle. 

Nearshore Zone where waves are 
transformed by interaction 
with the sea bed. 

Numerical 
modelling 

Refers to the analysis or 
prediction of coastal 
processes using 
computational models. 

Offshore The zone beyond the 
nearshore zone, where 
sediment motion induced 
by waves alone effectively 
ceases and where the 
influence of the sea bed on 
wave action has become 
small in comparison with 
the effect of wind. 

Overwash The effect of waves 
overtopping a beach, often 
carrying sediment 
landwards. 

Physical 
modelling 

Refers to the investigation 
of coastal processes using 
a scaled model. 

Pocket beach A beach located between 
two headlands. 

Prevailing winds Winds of greatest 
frequency, often but not 
always the dominant 
winds. 

Prograding Developing along the 
shore or into open water, 
(i.e. the forward growth of 
the shore). 

Reef A ridge of rock, or other 
material, lying seawards of 
the low water line. 

Refraction Process by which the 
direction of a wave moving 
in shallow water at an 
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angle to the bathymetric 
contours is changed so 
that the wave crests tend 
to become more aligned 
with those contours. 

Regrading The mechanical movement 
of beach sediment from 
the lower foreshore to the 
upper foreshore; see also 
reprofiling. 

Reprofiling The mechanical movement 
of beach sediment from 
downdrift to updrift; see 
also regrading. 

Return period Average period of time 
between occurrences of a 
given probability event. 

Revetment A sloping surface of stone, 
concrete or other material, 
used to protect the 
shoreline against the sea. 

Rhizome Fleshy root ball of plant 
from which roots and side 
shoots develop. 

Run-up, Run-
down 

The upper and lower levels 
reached by a wave on a 
beach or coastal structure, 
relative to still water level. 

Salient Coastal formation of beach 
material developed by 
wave refraction and 
diffraction and longshore 
drift, comprising a bulge in 
the coastline towards an 
offshore island or 
breakwater, but not 
connected to it as in the 
case of a tombolo. 

Salt marsh Intertidal area having 
characteristic vegetation 
adapted to saline soils and 
to periodic submergence in 
sea water. 

Sand Sediment particles, mainly 
of quartz, with a diameter 
of between 0.062mm and 
2mm, generally classified 
as fine, medium, coarse or 
very coarse. 

Sea defence Works or management 
operations intended to 
prevent coastal flooding 

Seawall Solid near vertical coastal 
defence structure built 
parallel to the coastline, 
usually of concrete or 
masonry. 

Sediment Particulate matter derived 
from rock, minerals or shell 
debris. 

Sediment cell In the context of a strategic 
approach to coastal 
management, a length of 
coastline confined by 
natural or artificial barriers 
around which no sand or 
shingle can be transported; 
also know as a coastal 
cell. 

Sediment sink Point or area at which 
beach material is 
irretrievably lost from a 
sediment cell, such as an 
estuary or a deep channel 
in the seabed. 

Sediment 
source 

Point or area on a coast 
from which beach material 
arises, such as an eroding 
cliff or river mouth. 

Shingle Coarse grained beach 
sediment dominated by 
gravel but including some 
sand. 

Shoreline One characteristic of the 
coast, often poorly defined, 
but essentially the 
interface between land and 
sea. 

Shoreline 
management 

The development of 
strategic, long term and 
sustainable coastal 
defence policy within a 
sediment cell. 

Significant wave 
height 

Measured as the average 
height of the highest third 
of the waves in a sea, and 
is approximately the 
visually observed wave 
height (Hs or H). 

Sill Continuous shore-parallel 
structure, submerged at 
high tide. 

Silt Sediment particles with a 
grain size between 
0.004mm and 0.062mm 
(i.e. coarser than clay 
particles but finer than 
sand). 

Slack Area within a dune system 
where the surface is at or 
near the groundwater 
level. 

Soft defences Usually refers to managed 
beaches, salt marshes or 
mudflats that provide 
protection to the shoreline, 
but may also include rock 
structures which dissipate 
waves rather than 
opposing them (cf. Hard 
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defences). 
Spring tide Tide of greatest range in a 

monthly cycle. 
Spit A long, narrow 

accumulation of sand or 
shingle, lying generally in 
line with the coast, with 
one end attached to the 
land and the other 
projecting into the sea or 
across the mouth of an 
estuary. 

Strand line Line of debris formed at 
the limit of wave run up 
along the upper foreshore. 

Surge Changes in water level as 
a result of meteorological 
forcing (wind, high or low 
barometric pressure) 
causing a difference 
between the recorded 
water level and that 
predicted using harmonic 
analysis; may be positive 
or negative. 

Suspended load A mode of sediment 
transport in which the 
particles are supported, 
and carried along by water.

Swash zone The zone of wave action 
on the beach, which 
moves as water levels 
vary, extending from the 
limit of run down to the 
limit of run up. 

Swell (waves) Remotely wind generated 
waves. Swell 
characteristically exhibits a 
more regular and longer 
period and has longer 
crests than locally 
generated waves.  

Surf zone The zone of wave action 
extending from the water 
line (which varies with tide, 
surge, set up, etc ) out to 
the most seaward point of 
the zone (breaker zone) at 
which waves approaching 
the coastline commence 
breaking, typically in water 
depths of between 5 and 
10 metres. 

Tidal current The movement of water 
associated with the rise 
and fall of the tides. 

Tidal range Vertical difference in high 
and low water level once 
decoupled from the water 
level residuals. 

Tide The periodic rise and fall in 
the level of the water in 
oceans and seas; the 
result of gravitational 
attraction of the sun and 
moon. 

Tombolo Coastal formation of beach 
material developed by 
refraction, diffraction and 
longshore drift to form a 
'neck' connecting a coast 
to an offshore island or 
breakwater; see also 
salient. 

Thatching Covering of brushwood 
laid down to protect dune 
grasses and help trap 
sand. 

Updrift Direction from which 
material is being 
transported in the littoral 
zone. 

Water table Level below which the soil 
is waterlogged. 

Wave climate The seasonal and annual 
distribution of wave height, 
period and direction. 

Wave direction Mean direction of wave 
energy propagation 
relative to true North. 

Wave height Vertical distance from 
wave trough to crest. 

Wave period Time taken for the 
passage of successive 
waves past a point. 

Wave spectrum Distribution of wave energy 
as a function of wave 
frequency and direction. 

Wave 
transformation 

Change in wave energy 
due to the action of 
physical processes. 

Wind rose Diagram showing the long-
term distribution of wind 
speed and direction. 

Wind sea  Wave conditions directly 
attributed to recent winds; 
see also swell. 

Wind set up Elevation of the water level 
over an area directly 
caused by wind stress on 
the water surface. 

Yellow dune Incompletely vegetated 
dune with bare sand 
frequently exposed 
between plant stems. 
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