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Introduction
The purpose of this Technical Annex is to consider estuarine processes (driven by
tides, waves and to a lesser degree winds) within and around Poole Harbour,
treating the study area as a complete entity.
The study adopts the general approach recommended by the MAFF (now Defra)
funded research “A Guide to the Prediction of Morphological Change within
Estuarine Systems” (Emphasys, 2000). Emphasys recommends carrying out such
studies in several stages:
(a)

(b)
(c)

Producing an Initial Conceptual Model (ICM), which provides a concise
review of existing literature that discusses the geomorphology and coastal
processes, whilst also providing an independent scientific assessment that
presents a sound understanding of the estuary morphology and dynamics.
In this study, this is contained within Section 2 & 3 “Review of Existing
Knowledge” and “Key Areas for Study”.
Carrying out predictive estuarine modelling to improve the initial
understanding. In this study, this is contained within Sections 4, 5 & 6.
Synthesising the results of the previous two stages into a Final Conceptual
Model (FCM), which is contained in Section 7.

This understanding will then be carried forward into the Strategy Review for Poole
Harbour in order to: (i) form the baseline against which any long term future
management decisions can be compared; and (ii) used to assess any potential
impacts on the estuarine and coastal system following development or
implementation of the more immediate strategy.

1.2

Sediment Definitions
In the course of this Technical Annex reference will be made to sediment sizes.
Sand is defined as granular quartz particles, with sizes in the range of about 60 to
2,000 microns (0.06-2.0mm). Silt consists of a mixture of non-cohesive particles in
the range of 1-60 microns, include quartz and feldspars. Clay consists of cohesive
mineral platelets including Illite and Kaolinite with sizes of less than 1 micron. A
typical marine mud consists of a mixture of clay, silt and some sand. It also
contains biogenic detrital carbonates, chemical precipitates such as ferric oxides
and an array of living matter. Table 1.1 presents the grain size scale adopted.
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size
mm

µm

phi

2048

-11

1024

-10

512

-9

256

-8

128

-7

64

-6

32

-5

16

-4

8

-3

4

-2

2

2000

-1

1

1000

0

0.5

500

1

0.25

250

2

0.125

125

3

0.063

63

4

0.031

31

5

0.016

16

6

Sediment size class terminology of:
Friedman And
Wentworth (1922)
Sanders (1978)

Cobbles

Very large boulders
Large boulders
Medium boulders
Small boulders
Large cobbles
Small cobbles

Gravels

Pebbles

Granules

Very coarse sand
Coarse sand
Medium sand
Fine sand

Very fine sand

Very coarse pebbles
Coarse pebbles
Medium pebbles
Fine pebbles
Very fine pebbles

Very coarse sand
Coarse sand
Medium sand
Fine sand
Very fine sand

Very coarse silt
Coarse silt
Medium silt

Silt
0.008

8

7

0.004

4

8

0.002

2

9

Sand

Silt
Fine silt
Very fine silt

Clay

Clay

Clay

Table 1.1: The Udden-Wentwroth grain size scale, with class terminology
modifications proposed by Freidman and Sanders (1978).

2

2

Review of Existing Knowledge
This section describes the existing knowledge of Estuarine Processes within Poole
Harbour prior to the Strategy Study. Following a description of the regional
setting and the study area, it covers:
•
•
•
•

2.1

the historical formation and evolution of the harbour
the hydrodynamic affects of tidal flows and river flows
the geology and geomorphology
the existing knowledge of the sediment budget, that is the inputs,
pathways and outputs of sediment

Regional Setting
The United Kingdom’s southern coastline is still responding to changes in the
coastal system due to a rise in sea level since the last glaciation (75,000 to 11,000
years Before Present (BP)), when sea level stood at approximately 65m below its
present level. As over-deepened river valleys became flooded and subsequently infilled with sediment, rising sea levels and glacial activity produced an estuary
dominated coastline, notably along the south and south-east of England. Poole
Harbour is thus classified as a “Drowned River Valley” (Dyer, 1997) as it was
carved into the glacial sediments in the early to mid Holocene.

2.2

Description of the Study Area
Poole Harbour Estuary is a bar-built estuary covering a total area of nearly
4,000ha, and with a coastline of just over 100km (Halcrow, 2002) (Figure 2.1).
The Harbour occupies a shallow depression towards the south-western extremity
of the Hampshire Basin which has flooded over the last 10,000 years as a result of
rising sea levels. Poole Harbour is similar to other estuaries along the south coast,
for example Chichester and Langstone Harbours, taking the form of an enclosed
sea as opposed to a typical estuary planiform (such as the Thames or the
Blackwater). It does, however, meet the criteria for the definition of an estuary as
suggested by Cameron and Pritchard (1963), who defined an estuary as a ‘semienclosed body of water which has free connection to the open sea and within
which sea water is measurably diluted with fresh water from land drainage’.
The shape of Poole Harbour is irregular with indentations and the presence of one
large and several small islands located within the main estuary. It is fed with saline
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water through a narrow entrance that connects with Poole Bay and several rivers
and streams, which join the estuary around its western margins. The entrance of
Poole Harbour is defined by two barrier-spits, with islands, channels and bars,
sand and shingle beaches, intertidal flats, saltmarsh and sand dunes located within
the harbour. Due to the enclosed nature of the Harbour, the coastline is largely
protected from wave exposure, however there is evidence for some littoral drift
along the sandy beaches due to waves generated by wind within the harbour. Tidal
flows and currents are complex, making it difficult to determine the true sediment
transport pathways within the estuary, however there is clear evidence of areas of
sediment supply, store and loss in the harbour. Historically the harbour has
responded to anthropogenic impacts, and continues to do so today. With the
threat of increased water levels in the harbour in response to sea level rise, this
does pose a threat to the potential flooding at some locations in Poole Harbour.

2.3

Historical Evolution
The description of the historic evolution of the harbour has been divided into two
periods:
•
•

2.3.1

75,000-10,000 BP, being the final 65,000 years of the Pleistocene Epoch
of the Quaternary Period – the period leading up to the last ice age
10,000 BP, being the Holocene Epoch of the Quaternary Period – the
period since the last ice age

Geological Evolution (75,000-10,000 BP)
Prior to the beginning of the last Ice Age, around 60 million years ago (in
geological time, is referred to as the Tertiary period), Poole Harbour formed part
of the Hampshire Basin, which at that time, was part of the bed of the Solent River
(Fahy et al., 1993). The basin is comprised of unconsolidated sands, gravels and
clays laid down by the Solent River, and small outcrops of sandstone, forming
knolls (hills or mounds of rock), laid down during the Tertiary period. This soft
deposit of alluvium and the contemporary climate (which was believed to be colder
and wetter than today) provided the grounding and conditions for the
development of moor land, in what is now Poole Harbour. Since the last Ice Age,
which began approximately 75,000 years ago and ended nearly 10,000 years ago,
the south coast, including the Hampshire Basin has undergone a series of
substantial changes. These changes include a number of post-glacial transgressions
(relative sea level rise) and regressions (relative sea level fall). The most significant
sea level increase, known as the Holocene Transgression, started 10,000 years ago
and is still continuing today. It was (and is suggested by UKCIP002 (Hulme et al.,
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2002)) that the greatest cause of rising sea levels is primarily by the expansion of
the oceans in response to increased air and sea temperatures, with glacial and polar
ice melt contributing smaller amounts. It is these changes which are responsible
for the geological make-up of the coastline that is seen today.
2.3.2

Recent Shoreline Change (10,000 BP to Present)
The formation of Poole Harbour took place in several stages. It is believed that the
soft underlying bed of fluvial and moor land deposits, that were deposited above
the soft Tertiary sands and clays, initially became consolidated to form lowland
heath. Then, following the onset of post-glacial sea level rise, it formed a drowned
river valley estuary, as with the majority of UK estuaries at this time. The low
resistance of the soft tertiary sands and clays of the Hampshire Basin to marine
action resulted in their erosion and submergence of a lowland heath area with
sandy knolls. The sandy knolls described in 2.3.1 now exist as islands, including
Green, Furzey and Brownsea (Halcrow, 1999).
As sea levels continued to rise during the Holocene Transgression, coarse sand and
gravel-sized sediments were entrained from the sea floor and transported landward
to form a series of barrier beaches aligned parallel to the coast. The barrier beaches
continued to migrate onshore at a pace set by the rate of rising sea levels, until they
became intercepted by a rising topography. Permanent breaching at the western
end of the barrier lead to further inundation of the low lying land of what is now
Poole Harbour. Development of the barriers under the influence of contemporary
sediment processes have since formed spits, directed towards one another as
material is supplied from the cliffs at Bournemouth and the seabed and cliffs
around Studland Bay.

2.4

Anthropogenic Impacts
The main anthropogenic or human impacts on the estuarine processes of Poole
Harbour have been:
•
•
•
•

Land reclamation within the harbour
Dredging for the purpose of navigation
Management of the shoreline outside the harbour for the purpose of coast
protection
Land-use changes within river catchments

The degree of historical change caused by human and natural activity is put into
context in Figure 2.2, which shows the changes that have taken place in Poole
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Harbour from 6000BC-1807 and 1807 –1998. Table 2.1 describes these changes in
terms of human and natural controls.

Time Period
6000BP-1807AD
Wareham and Keysworth
Lytchett Bay
Southern Shores
Brownsea and Islands
Holes Bay
Poole (Town)
TOTAL (7800 Years)
Cliff Erosion
Net Changes

42

61

17
28
27
41
7
120
120

TOTAL

24
101
207
10
49

66
101
207
10
49
19

391
-28
363

452
-28
424

30
18
71

30
35
71
28
40
41
7

19
61

1807 to 1966
Wareham and Keysworth
Lytchett Bay
Southern Shores
Brownsea and Islands
Holes Bay
Poole (Town)
Parkstone and Eastern Shores
TOTAL (150 Years)
Cliff Erosion
Net Changes

Area Claimed (ha)
Human Influences
Natural Activity

12

131
-13
118

252
-13
239

Table 2.1: Area changes in Poole Harbour 6000BC to 1966. Source: (May, V.J., 1969)
The total land reclaimed is significantly greater prior to the 1800’s, however when
the rates of change for the two time periods are compared, it is evident that a
significant proportion of this change took place after the 1800’s. The ratio of
natural activity to human influences however shows that the amount of
reclamation due to natural activity has in fact switched, with greater amounts of
natural activity, which may relate to the growth of Spartina anglica. Changes in
saltmarsh habitat are discussed further in Technical Annex 4 – Changes in Habitat
in Poole Harbour.
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2.4.1

Land Reclamation
Land reclamation effectively began in the 1400’s, when a sea wall was built around
Poole Town (Figure 2.2). Since then, land reclamation has taken place for the
purpose of agriculture, port development and urbanisation on the northern shore
(Halcrow, 1999). It has been estimated that the combined effect of natural and
human induced processes over the past 6000 years, has lead to a reduction in
harbour area at Mean High Water Springs by 20%, a net reduction of 1000ha to its
present area of approximately 4000ha (Gray, 1985). Table 2.2 summarises the past
evolution of Poole Harbour with respect to human influence.
Artificial land reclamation reduced the volume of the estuary and constrains its
natural responses by removing areas potentially available for erosion and accretion.
The removal of saltmarsh also reduces the area available for the accretion where
tidal flows tend to expend their energy within tidal creeks. Since the area of land
available for the deposition of fines is removed, consequently more material is held
within the water column or deposited within the estuarine channels.
Time
1400s

Land Reclamation Activity
Sea wall around Poole Town

1700-1800

Construction of wharves, piers and walls.

1800-1900

Continued construction of construction of wharves, piers and
walls and railway causeways.

1845-1847

Construction of Lytchett Bay causeway.

1874

Construction of Parkstone Bay causeway.

1893

Construction of Holes Bay causeway.

c1905

Poole gas works (over 60 acres)

c1947

Poole Power Station (over 30 acres)

c1950

Reclamation of saltmarsh at Turlin Moor (25 acres).

1969-Present

Additional reclamations have taken place at Whitecliffe,
Baiter, the port development, the Wareham River Banks and
Holes Bay

Table 2.2 History of Land Reclamation and Anthropogenic Impacts in
Poole Harbour. Source: Halcrow (1999)
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Figure 2.2 Historic change in Poole Harbour from 6000BC-1807AD and
1807AD - 1998AD. Source: Halcrow, 1999. Coastal Management
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The shoreline of Poole Bay and Studland Bay is believed to provide fine sediment
to Poole Harbour. It is driven into the estuary by wave action and flood tide
currents: the latter tends to be dominant over ebb tide currents around the
shoreline either side of the entrance (as discussed further in Technical Annex 5).
Whilst much of the sediment that enters will remain entrained in the water column
and be discharged again out of the harbour during the subsequent ebb tide, a
proportion will settle within the creek systems and saltmashes, resulting in
accretion. The construction of sea walls along the coast in Poole Bay in the 20th
century reduced the supply of sediment to the beaches and therefore also to the
harbour. However, in the past 30 years, beach recharge has become established as
the preferred method of mitigating the loss of sediment supply from the cliffs to
the beaches. As a result, some of the beach recharge is expected to provide a new
supply of sediment to the harbour.
2.4.2

Land-use Changes in River Catchments
Land use changes and urbanisation in the vicinity of river catchments of Poole
Harbour can affect the volume of sediment supplied to the harbour by fluvial
processes. Since the overall volume of fluvial sediment input is thought to be very
small when compared to the exchange of sediments with the open coast, the
influence of this potential change is therefore also likely to be very small.

2.4.3

Dredging
For the past 100 years, dredging for the purpose of navigation has taken place.
The dredged material is generally moved to a licensed disposal site located 4km
offshore of Ballard Point, a process that represents a loss of sediment from the
harbour.
Some of the dredging campaigns, for example, deepening of the Swash Channel in
1989/90 and maintenance of the Middle Channel and Swash Channel in 2002 have
provided suitable sand/gravels for recharge of the beaches of Bournemouth and
Poole (Sandbanks). Whether beneficial use of the sediment represents a loss to the
sediment budget of the harbour depends on the location of the beach recharge.
Sediment placed at Bournemouth is not expected to be transported back to the
harbour since the predominant direction of sediment transport is west to east. By
contrast, some of the sediment placed at Sandbanks is likely, over time, to be
transported back into the harbour primarily due to the effect of flood tide currents
(see Technical Annex 5). However, since there is no way of quantifying this
element of the coastal processes of Sandbanks/Hook Sand, we have chosen to
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classify all of the dredging that is deposited outside the harbour (or within the
harbour as reclamations) as a loss to the harbour sediment budget.
(a)
Maintenance Dredging
Prior to 1983, the principal maintained navigation route within the harbour was
Main Channel (now called North Channel). After that time, Middle Channel was
deepened and has been maintained as the main route to the present day. Lesser
volumes of sediments are extracted from a number of marinas within the harbour.
Table 2.3 provides the quantities of maintenance dredging in Poole Harbour for
the period 1969-2001. For the purpose of a contemporary sediment budget, the
average volume of 80,000m3 (rounded to one significant figure) for the decade
1990-2000 is considered typical of today’s maintenance dredging. Discussion with
Poole Harbour Commissioners indicates that this figure probably includes some
15,000m3 of maintenance dredging from the Swash Channel, such that the annual
removal of sediment from the harbour is probably 65,000m3.
(b)
Capital Dredging
The principal capital dredging schemes that have been carried out within the Poole
Harbour since 1973 are the Hamworthy Port reclamations, the deepening and
widening of Middle Channel, and of Town Quay Marina. The volumes of
dredgings are detailed in Table 2.4. Due to the nature of capital dredging, the
timing and volumes of dredgings vary considerably from year to year. Over the 33
year period, the total volume is 2,055,000m3. For the purpose of sediment budget
calculations, this equates to a historic extraction of some 60,000m3/year. This is
less than, but of the same order or magnitude as, the volume of maintenance
dredging. Clearly this figure cannot be used for future prediction of capital
dredging as this will depend on the need, finance and regulation of proposed
works.
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Date

Maintenance Dredging

1969/70
1970/71
1971/72
1972/73
1973/74
1974/75
1975/76
1976/77
1977/78
1978/79
1997/80
1980/81
1981/82
1982/83
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97

18,794 m3 (1)
16,324 m3 (1)
17,943 m3 (1)
38,607m3 (1)
26,861 m3 (1)
20,089 m3 (1)
35,527 m3 (1)
20,892 m3 (1)
35,217 m3 (1)
40,401 m3 (1)
30,454 m3 (1)
44,195 m3 (1)
51,454 m3 (1)
45,767 m3 (1)
45,817 m3 (1)
48,808 m3 (1)
56,178 m3 (1)
46,086 m3 (1)
61,943 m3 (1)
56,745 m3 (1)
73,493 m3 (1)
88,845 m3 (1)
56,799 m3 (1)
66,687 m3 (1)
83,000 m3 (1)
30,600 m3 (1)
158,310 m3 (1)
60,505 m3 (1)
206,590 m3 (1)
or 63,515 m3 (2) (5)
114,213 m3 (2)
39,407 m3 (2)
104,463 m3 (2) (3)
30,793 m3 (2)

1997/98
1998/99
1999/2000
2000/01
2001/02

Table 2.3 Volume of Maintenance Dredging (m3) in Poole Harbour
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Date
1969/70
1970/71
1971/72
1972/73
1973/74
1974/75
1975/76
1976/77
1977/78
1978/79
1797/80
1980/81
1981/82
1982/83
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1997/95
1995/96
1996/97
1997/98
1998/99
1999/2000
2000/01
2001/02

Capital Dredging
c200,000 m3 (4)
(Hamworthy Port Reclamation)

-

c650,000 m3 (4)
(Hamworthy Port Reclamation)
c367,000 m3 (4)
(Middle Channel Deepening)

-

780,000 m3 (4)
(Middle Channel Widening)

-(6)

55,000m3

(4)

(Town Quay Marina)
-

Table 2.4 Volume of Capital Dredging (m3) in Poole Harbour
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Tables 2.3 & 2.4 - Sources:
(1) 1969/70 to 1997/98 from SMP Volume 2 page 2C-30
(2) 1997/98 to 2001/02 from Poole Harbour Commissioners by email, converted from tonnes to
cubic metres at 1.2tonnes/m3
(3) 2000/01 value of 191,355 tonnes from Poole Harbour Commissioners adjusted to remove
55,000m3 for Town Quay Marina capital dredging
(4) personal communication with Poole Harbour Commissioners
(5) unresolved discrepancy between information in SMP and information from PHC
(6) Swash Channel outside Poole Harbour was deepened during this time, with an extraction of
1,281,000 m3

The combined effect of canalisation and dredging of the Swash Channel may have
increased wave and tidal energy energies into Poole Harbour, although the extent
of this change is unknown. The changes in the Swash Channel resulting from the
construction of the Training Bank prior to any dredging were highlighted by
Appleton (1991) Figure 2.3.
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Figure 2.3 Historical change resulting from construction of the Training
Bank in the Swash Channel. Source: Appleton, 1991.
2.5

Hydrodynamics
The hydrodynamics of the harbour are controlled by tidal flows, and to a
considerably lesser extent by river flows, which are both described in this section.

2.5.1

Tides
(a)

Tidal Range
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There is a tendency for double high waters along the Poole Bay frontage and
within Poole Harbour itself. A short “stand” at the first high tide, is followed with
the second high water being lower than the first (see Technical Annex 1, Section
2). The tidal range in Poole Harbour is small, and therefore the estuary is defined
as “micro-tidal”. Tide levels for Poole Harbour are shown in Table 2.6. Much of
the estuary is shallow with very flat slopes, so that at high tide the flats may be
covered by 0.7-1m of water, while at low water large areas of tidal flats are
exposed. Analysis and discussion of extreme water levels is provided in Technical
Annex 1.
Tidal Status

Tide Level (mOD)

HAT

+1.2

MHWS

+0.8

MHWN

+0.3

MSL

+0.2

MLWN

-0.2

MLWS

-0.8

LAT

-1.4

Table 2.6 Tide levels in Poole Harbour. Source: Table 5 of Admiralty Tide
Tables - Admiralty (2003) for period of observation 1995-2000.
(b)
Tidal currents
Tidal waters are funnelled into the harbour via the Swash Channel (see Section
2.3), and along channels within the estuary, which reach a length of around 16.3km
(Halcrow, 2002). The tidal regime in Poole Harbour is micro-tidal, which with a
double high water means that a significant body of water is retained throughout
the tidal cycle. As a result tidal flushing is constrained, although the release of the
tide on the ebb does not appear to be constrained by the harbour entrance, a
feature that is investigated in Technical Annex 1, Section 2.
The strongest tidal currents, which reach approximately 2.0m/s, occur in the
entrance to the harbour. Typical maximum tidal currents in the channels around
the north and east of Brownsea Island are 0.5m/s (Halcrow, 1999). Out of the
main channels, it is difficult to generalise tidal flows, due to the complexity in the
direction, magnitude and velocity.
It is suggested (Halcrow, 2002) that the estuary tends to be well mixed, although
stratification between fresh and saline water is likely to occur close to the rivers.
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Further discussion on salinity is provided in Technical Annex 4 (Poole Harbour
Habitats).
2.5.2

Rivers
River flow into the harbour is relatively low for the size of the estuary (Halcrow,
1999). Poole Harbour receives fluvial input (river water and sediment) from
several rivers (Figure 2.4), each of varying catchments, length and flow. The
rivers are listed here in order of magnitude of the catchment size.
(i)
Rivers Frome
The River Frome rises in West Dorset and then flows east towards
Dorchester and on to Poole Harbour. It is joined by a number of
tributaries including the Cerne, Sydling Water and Hooke Stream.
(ii)
River Piddle (or Trent)
The Piddle rises near Buckland Newton and then flows south-east towards
Poole Harbour, with a total catchment area of 183.1km2. Its major
tributaries include the Devil’s Brook and the Bere Stream.
(iii)
Corfe River
The Corfe River enters the harbour from the south. It emerges around
Nath Point, from where it merges with Wych Channel and subsequently
becomes predominantly saline.
(iv)
Sherwood River
The Sherwood has the smallest catchment of the rivers entering the
harbour. It emerges on the east side of Lychett Bay
(v)
Minor land drainage
Throughout the urban area of Poole, there are a number of land drains
and streams that discharge into the harbour. Since the catchment for each
of these will be small, the affect on the hydrodynamics and sediment
processes of the harbour will be negligible.
The existence of alluvial plains at the mouths of the Frome and the Piddle
indicates a reduction in flow velocity as the rivers meet with the estuary, where the
carrying capacity of the flow decreases and thus deposits sediment. The true area
of alluvial flood plain is distorted by the presence of marine deposits, such as
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intertidal flats, tidal creeks and saltmarsh. Figure 2.5 shows a schematic diagram
with areas of alluvial plain
Table 2.7 shows the approximate average flow rate (in cubic metres per second)
over a 24 hour period at East Stoke on the River Frome. These figures are based
on short-term records; more detailed information is available for the River Piddle,
as discussed below. Assuming that there are on average 30 days in a month, and
there is an average flow rate of 8m3/s/24 hours, the average monthly flow equates
to 20,736,000m3. As seen from Table 2.7, the flow rate can alter between an
approximate average per day of 3m3/s and 24 m3/s. This means that the average
monthly flow can in fact range from half (10,368,000m3) to three times greater
(622,080,000m3) than that calculated. These calculations are approximate and
should only be used to observe trends between the flow rates of the different
rivers supplying Poole Harbour.
Date of Monitoring

Flow Rate (m3/s)

19.11.1996

10

10.02.1997

7

26.09.1999

5

28.09.2000

5

12.12.2000

24

02.01.2001

4

10.03.2001

10

Average

8

Table 2.7 Flow Rates for the River Frome
Figure 2.6 shows the mean monthly discharge for Bags Mill on the River Piddle,
which is upstream of the tidal limit. The peak monthly flow in the River Piddle is
approximately 22,000,000m3, which occurred in December 2000. The average
monthly flow is 9,000,000m3. These values will be used to enable a direct
comparison with the calculations of tidal exchange through the harbour entrance
which is described in Section 4, Accommodation Space Analysis.
Figure 2.7 shows the daily discharge for Bags Mill. Daily mean discharges follow a
similar pattern, with the highest volume and velocities occurring in winter and the
slowest in summer. Daily flows are greatest and fluctuate most widely during
spring, i.e. from February to June. Changes to the volume, discharge and velocity
of water passing along the river will alter mixing of fresh and saline waters at the
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confluence of the river and the estuary, thus affecting the delivery of muds and
sands to the alluvial flood plains, intertidal flats and fringing marshes. This will, in
turn affect the rate at which these geomorphological features form and the
interaction of fluvial flow and saline tidal waters, with the majority this being
focused along the estuarine margins. These considerations are particularly
important when considering managed realignment at sites close to the river
mouths.
The combination of a large spring fluvial flow and a high spring tide has been
examined in Technical Annex 1, Section 2.
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Mean Monthly Discharge at Bags Mill (SY:913 876)
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Figure 2.6 Mean monthly discharge for year 2000. Source: Environment Agency
Daily Mean Gauged Discharges (SY:913 876)

Discharge (cubic metres per second)

12

10

8

6

4

2

D
ec

N
ov

O
ct

Se
pt

Au
g

Ju
l

Ju
n

ay
M

Ap
r

ar
M

Fe
b

Ja
n

0

Time of Year

Figure 2.7 Annual daily discharge for 2000. Source: Environment Agency
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2.6

Geomorphology
Poole Harbour forms part of a complex system that comprises of a number of
different geomorphological land types. Transfer of energy (for example, tidal
energy) and matter (for example, sediment) occurs across them due to a range of
coastal and estuarine processes.
This study adopts the approach used by Halcrow’s Futurecoast Project (Halcrow
2002), where coastal features, such as the saltmarsh are considered as Geomorphic
Units. Each unit reflects a combination of morphology, sediment and process with
a discrete spatial extent that is linked to the neighbouring Geomorphic Unit
through the transfer of energy (Figure 2.8).
The Geomorphic Units present within Poole Harbour, which are described in this
section, include:
•
•
•
•
•
•
•
•
•

estuary (as an overarching Geomorphic Unit)
barriers and spits
islands and cliffs
beaches
intertidal flats
saltmarshes
tidal creeks
sand dunes
coastal lagoons

Some units are considered to be estuarine, while others such as sand dunes and
coastal lagoons are related to coastal processes.
When each unit is observed in a 3-dimensional context it is seen that they interact
with one another. The unit should therefore not be considered on an individual
basis, but instead collectively as a system through which energy and matter flows
from one unit to another and the morphology of one unit is often related to the
process and morphology of the adjacent unit. Figure 2.8 simplifies coastal or
estuarine system, from which it should be noted that the system is open and thus
subject to influence beyond the boundaries of the individual units and from those
units which are not included within the Poole Harbour system.
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Input

Geomorphic Unit

Geomorphic Unit

Output
Geomorphic Unit
Neighbouring Geomorphic Transfer of
Components:
energy and
matter
between GU’s:

Influences to
and from
this system:

Figure 2.8 Schematic diagram of a coastal or estuarine system
This section considers the behaviour and related processes of each individual
Geomorphic Unit within and adjacent to Poole Harbour. Section 2.7 (Sediment
Budget) considers the transfer of energy and matter between the Geomorphic
Units.
2.6.1

Estuary (as an Overarching Geomorphic Unit)
Estuarine morphology differs according to underlying and surficial geology,
coastline orientation, wind and wave exposure, tidal regime and freshwater input.
Poole Harbour Estuary is a ‘V-shaped estuary’ that widens and flattens towards the
estuary margins. The channels are deep, and relatively narrow, while the margins
are shallow areas of expansive intertidal mudflat and alluvial plain. The crosssectional form of the estuary is both a result of the underlying geology and postglacial sea level rise, as well as tidal and fluvial processes taking place in the estuary
today. Figure 2.9 shows an aerial photograph of Poole Harbour with the main
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component features. However, as defined by Darymple et al (1992) and outlined by
Haslett (2000), estuaries all possess:
•
•
•

an estuary head: - a fluvial dominated zone where the river enters the estuary
and net sediment flow is seaward
estuary margins - a central zone where wave energy is low with a
convergence of marine and fluvial sediment
an estuary mouth: - a marine dominated zone where the estuary is open to
the sea and can be flood or ebb dominated depending on tidal asymmetry.
In a flood dominated estuary there is a net transport of sediment
landward, and in an ebb dominated estuary, there is a net seaward
movement of sediment. Deposition of this material forms a series of sand
bars, flats and shoals (otherwise known as a delta). The delta can be
positioned landward or seaward of the mouth depending on the flood or
ebb dominance of the tide. At the mouth of Poole Harbour, there is a
large ebb delta reflecting the ebb-dominated tidal asymmetry of the
estuary (Halcrow, 2002).

Figure 2.9 Aerial photograph showing Poole Harbour Entrance, islands and knolls (and
sandbanks barrier-spit)
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(a)
Estuary Channels
In general, the delivery of water from the open sea into an estuary on the flood
tide and its exit on the ebb takes place through a number of channels, that are
often segregated by banks (or shoals) of silt, sand and clay (Bird, 2000). At Poole
Harbour, however, the twin constraints of Sandbanks and Brownsea Island force
the estuary mouth to be narrow and with a single channel upstream from the
mouth up to the point at which it diverges into the Middle Channel, North
Channel and Wych Channel to the north and north east of Brownsea Island. In
addition there are a number of minor channels to the south of Brownsea, including
the South Deep and Blood Alley.
(b)
Estuary Infilling
Infilling of an estuarine valley with sediment tends to takes place in response to sea
level rise. If the rate of sea level rise is greater than the rate at which sediment can
fill the valley, an open-ended estuary mouth will form. However, a high rate of
sediment supply and thus infilling that is equal to or greater than the pace of sea
level rise will lead to the formation of depositional features such as saltmarsh. Such
sediment will be sourced from rivers and the adjacent shoreline outside the estuary.
The sheltering conditions offered by estuaries, from strong waves and offshore
conditions, are favourable to sediment deposition, allowing fine particles to settle.
As suggested by Postma (1980) there are three main mechanisms for nearshore
sediment accumulation: (i) wave transport of coarse materials, e.g. sand and
pebbles; (ii) tidal transport of fine-grained sand and silt; and (iii) estuarine
circulation which enables silt and mud deposition. The process of settlement of
suspended sediment is brought about in two ways, aggregation and flocculation
(Postma, 1980). Aggregation describes the process of ingestion of small clay
particles by organisms, which then excrete faecal pellets that have a faster fall
velocity than other sediments. Flocculation is the process whereby clay particles
are drawn together in response to molecular electrostatic attractive forces. Salt
water is comprised of free particles with a positive charge, which act to neutralise
the negative charges of the clay particles that would otherwise cause them to repel
one another. Turbid water encourages this process by forcing the clay particles to
collide more frequently and thus form floccules more rapidly. The density of the
floccules means they also have a faster settling rate than individual particles,
promoting the trapping of fine sediments.
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The individual Geomorphic Units within Poole Harbour are now discussed in
more detail in the following sections.
2.6.2

Barriers and Spits
The entrance to Poole Harbour is marked by two barrier-spits, which act as a
controlling factor to the behaviour of Poole Harbour and the estuary. Both of the
barrier-spits are constrained. Natural movement of the spit at Sandbanks, in
response to coastal forcing is hindered by the fixation of its position by the
geology and coastal defences. In particular, the construction of the rock groynes at
Sandbanks appears to have arrested the onshore movement of the East Looe
Channel, that had previously been identified (HR Wallingford, 1995). Studland
Spit is controlled to a lesser extent by the Training Bank and is accreting at the
north end due to sediment supply from the south and from offshore. Further
details on these features is provided in Technical Annex 5 – Coastal Processes.

2.6.3

Islands and Cliffs
At a strategy-wide scale, the existence of Poole Harbour is controlled by the cliffs
of Durlston Head, Handfast Point and Hengistbury Head which act as a control to
the planiform of Poole Bay and therefore to the estuary.
As discussed in Section 2.6.4, Brownsea Island, together with Sandbanks geology,
forms a major constraint on the entrance to the estuary.
Within the harbour, there are various cliffs (Figure 2.10) providing a small supply
of sediment to the harbour (as discussed further in Section 5). The majority of the
cliffs form part of the Arne Peninsula within the Bagshot Beds, but are also
present in Brands Bay (cliffs reach 4m high), Shipstal Point and Goathorn
Peninsula (cliffs up to 10m high).
Cliffs have also formed in response to the erosion of the sandstone knoll islands,
for example, along the south coastline of Brownsea, Furzey and Green Islands.
On the north side of the harbour, between Rockley and Ham Common, the
erosion of the cliffs has been measured in the period 1947 - 1993 through the use
of geo-rectified aerial photography (as described in Technical Annex 3, Section 3).
The rates of erosion of exposed cliffs here is between 0.1-0.3m/yr, although
erosion has been reduced where gabions were constructed for coast protection.
These cliffs are more exposed to wave action than other cliffs within the harbour,
being at the north-east end of one of the longest fetches across the harbour which
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is subject to the predominant south-westerly winds (Technical Annex 1, Section
1.3.2). Figure 2.9 shows the sandy knolls in Poole Harbour.
2.6.4

Beaches
Closely associated with cliffs, there are granular beaches formed along sections of
eroding shoreline identified in Section 2.6.3, which form a store of sediment that
has been released from the cliff. Clays, silts and fine sands will be winnowed out
of the beaches and will add to the supply of fine sediment within the harbour.
Medium sands and coarser material are more likely to remain on the beaches and
be moved by (limited) longshore transport due to wave action. Evaluation of
potential longshore transport rates due to wave action was carried out by HR
Wallingford (1995), which indicated a net movement from west to east of typically
3,000m3/year. This information is reviewed in the course of Section 6 along with
analysis carried out for this Strategy Study.

2.6.5

Intertidal Flats
Intertidal mud and sandflats form approximately 54% (relative to plan area at high
water) of Poole Harbour Estuary, a total area of 2050ha (Halcrow, 2002). They
form at the margins of the estuary, where tidal velocities reduce to such an extent
that very fine sediments such as silts and mud can be released from suspension.
Figure 2.11 shows the locations of the intertidal flats and alluvial plain. Intertidal
flats can be distinguished by their alluvial content. For the purpose of this study,
intertidal flats have been divided into two types:
(i)

(ii)

alluvial plains, where alluvial plains are predominantly a product of
the deposition of fine grained material at the confluence where
rivers meet the sea, i.e. River Frome merges with Poole Harbour
Estuary
intertidal flats, which are considered to form under the
acknowledged process of reduced tidal currents described above.

Intertidal flats are predominant along the southern margin of the Harbour. This is
due in part to the generally more sheltered and enclosed nature of this location,
which favours their development. Much of the area of intertidal flats in the north
side of the harbour has been removed due to the land reclamation. Colonisation of
the mud flats by salt tolerant vegetation leads to the development of saltmarsh,
which is discussed in the next section.
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2.6.6

Saltmarshes
Saltmarsh will tend to form in wave-sheltered situations within or close to estuaries
where the sediment load of the water is high. Marshland forms when a pioneer
salt-tolerant vegetation colonises an area of mudflat, so that on any flood tide, finegrained silt, mud and sand become trapped ultimately leading to its further
accretion. As the substrate stabilises with the accretion of material, a range of
additional plant species will colonise the changing environment, leading to the
development of a succession of plant communities and saltmarsh to produce a
platform that slopes gently seaward.
The current extent, historical change and future development of saltmarsh has
been studied in some detail in Technical Annex 4, and the implications of this are
considered in later sections of this annex (Technical Annex 6). Figure 2.12 is
included here to show the distribution of saltmarsh in 1993 in the most recent of
the aerial photographs that was available for use at the outset of the current study.

2.6.7

Tidal Creeks
Tidal creeks develop within saltmarshes and provide:
(i)

(ii)

a route through which flood tides flow into the saltmarsh, thus
acting as the process by which sediment is distributed over the
marsh surface to eventually establish new marsh
a route for ebb tide drainage of the marsh following inundation
by the flood tide.

The creeks act to reduce flood tidal energy by frictional drag of water on their bed
and banks (NRA, 1995). The creeks are similar to the morphology of rivers in that
they develop meandering channels and tributaries (Haslett, 2000; Pethick, 1984), so
that the tidal flow is forced into channels of smaller and smaller cross-sections on
the flood tide. Frictional drag reduces the flow of water through the channels,
preventing the easy flow of water and causing the channels to become ‘sluggish’;
and within some channels, water flow can become stagnant at high tide.
The morphology of tidal creeks is dependent on sediment type, plant cover and
tidal range (Bird, 2002). In terms of their evolution however, a tidal creek will form
via three main stages:
(i)

water will dissipate through an area of sparse vegetation, and
possibly lower elevation
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(ii)
(iii)

the channel will deepen and narrow, while sediment accretes on
the channel banks
the outer channel banks/saltmarsh surface continues to accrete
while the inner banks become subject to erosion and cliffing as
the edges become over-steepened (see Figure 2.13) - the material
is subsequently deposited within the channel leading to its
shallowing.

Artificial modification of the saltmarsh can lead to excess energy entering the
marsh system via tidal creeks, and ultimately lead to channel erosion and thus
threaten the integrity of the more landward marsh (NRA, 1995).
When considering the evolution of a saltmarsh and the potential effects of sea level
rise and changes in exposure conditions, it is necessary to consider both the
vertical and horizontal change of the saltmarsh:
•
•

if erosion of the seaward edge is greater than the horizontal accretion the
marsh shoreline will retreat
if erosion of the seaward edge is less than the horizontal accretion the
marsh shoreline will advance

If this regime alternates, so that a cycle of erosion and accretion occurs, a series of
seaward-directed terraces would be produced; which can then be traced from the
surface to interpret past shoreline behaviour.

Accretion
on
channel
banks

Accretion
on
channel
banks

Erosion of existing (blue line) inner
channel with cliffing (black line).
F
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Figure 2.13 Tidal creek evolution
2.6.8

Sand Dunes
The dunes at Studland are closely interrelated with the barrier-spit formation
(discussed in 2.6.4). The dunes are now heavily vegetated and the youngest ridge,
which has been forming since the 1950’s is still active (Halcrow, 2002). Smaller
dunes at Sandbanks have developed since the development of the rock groyne
scheme.

Figure 2.14 Studland Heath (looking north-west)
2.6.9

Coastal Lagoons
As the dunes have accreted, saline lagoons have developed, gradually becoming
isolated from the sea to form coastal lagoons or freshwater lakes. A coastal lagoon
is defined as “a permanent coastal pond of saline or brackish water, isolated or
semi-isolated from the sea but which nevertheless receives its salts from the sea as
a result of natural causes” (Barnes, 1987). Barnes describes how a rise in sea level
during the present interglacial period induced the landward migration of shingle
masses, which subsequently blocked river valleys and estuaries. The exposure of
the trapped water mass to large throughputs of tidal or fluvial water, prevented
complete isolation from the sea. Where the throughput of water was relatively
lower, however the outflow of water from the enclosed lagoon is via percolation
through a shingle barrier.
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Coastal Lagoon (Little Sea)

Figure 2.15 Freshwater Lake or Coastal Lagoon on Studland Heath
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Figure 2.16 Hollow and dune slack development in response to an onshore
wind flowing over grassy foredunes. Turbulent eddies contribute toward the
shaping of the slack. Source: redrawn from Bird (2000)
The coastal lagoons that have developed on Studland Heath are representative of a
stage in the natural succession of coastal dunes, called slacks. Slacks form in
hollows between existing dune ridges that have been scoured out by wind eddies,
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which enables groundwater to rise to the surface, and remain ponded by the
elevated dunes around it. As the dunes grow, the saline lagoons develop, gradually
becoming isolated from the sea so that they become freshwater lakes, such as Little
Sea (Figure 2.15) and Eastern Lake. Figure 2.16 shows a schematic diagram of
this process.
2.6.10

Summary
Poole Harbour is comprised of a number of geomorphic units, including:
•
•
•
•
•
•
•
•
•

estuary (as an overarching Geomorphic Unit)
barriers and spits
islands and cliffs
beaches
intertidal flats
saltmarshes
tidal creeks
sand dunes
coastal lagoons

The form of the harbour is geologically controlled, both around its margins by
land levels, at its entrance and within by sandy knolls or islands. Barrier-spit, with
dune systems located at the harbour entrance leading to the development of sandy
spits, which in turn restrict the processes taking place at the mouth.
Estuarine processes dominate within the harbour, which are controlled by tidal
flow, water levels and fluvial inputs, however the presence of barrier-spits at the
estuary mouth restricts the free flow of tidal waters across the estuary mouth.
Consequently the geomorphology within the harbour is a direct result of solid
geology, harbour morphology, sediment type and availability, tidal flows and
change in water levels. Regular tidal flow into and out from the estuary has carved
well defined channels, while dispersion of the flow towards the estuarine margins
and the influence of saline flood waters has lead to the formation of coastal
lagoons, intertidal flats, saltmarsh and tidal creeks. Fluvial inputs have also been
deposited as alluvial plains, accreting within the intertidal zone. Figure 2.17
summarises Poole Harbour as a coastal system (based on the format of a coastal
system described in Figure 2.8).
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Figure 2.17 Poole Harbour as a coastal system
2.7

Identification of Sediment Inputs, Transport Pathways and Outputs
The sediment budget for Poole Harbour Estuary is dependent upon several
factors, including on a wider scale, the processes taking place within Poole Bay as
well as the behaviour of the margins of Poole Harbour Estuary itself. Infilling of
the estuary occurs in response to the transport of material into the harbour by the
flood tide and subsequent deposition on mudflats and saltmarshes.
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In this section, the input, pathway and output processes are identified, and where
possible from existing information, they are evaluated. By reviewing these
processes at an early stage, the opportunities for improving the existing evaluations
will be identified (Section 3) and progressed in the subsequent sections.
Figure 2.18a and 2.18b show a schematic representation of the contemporary
sediment budget in the Poole Harbour estuary based on existing information,
which is discussed in this sections.
2.7.1

Sediment Supply
(a)
Offshore
Much of the marine source available to Poole Harbour was derived from the
seabed of Poole Bay during Holocene sea level rise, and this has been discussed
further in Halcrow (1999). Sand continues to be delivered through the harbour
mouth during the flood tide and there is further potential for significant input into
the harbour under storm wave conditions. Improving the knowledge of the
potential for sediment input is, in part, the reason for the Telemac and Sandflow
computational modelling carried out for this study by HR Wallingford.
(b)
Cliff Erosion
Within Poole Harbour the erosion of cliffs and marsh scarps is a source of
material, particularly at Rockley Cliff, Brownsea Island, Furzey Island, Brands Bay
and the Arne Peninsula. Existing information on the release of sediment from the
cliffs has not been identified and this will be investigated further, as discussed in
Section 3.
(c)
Saltmarsh Erosion
The erosion of saltmarshes provides additional sediment to the estuary. The
change of saltmarsh coverage over the past 46 years has been considered in
Technical Annex 4, although it is still not known how much erosion has been /
will be caused by wave action. The results of Technical Annex 4 will be considered
in the final sediment budget in Section 7.
(d)
Beach Erosion
The local wave climate and the erosion of cliffs (see (b)) above has created a
number of beaches, the longest being between Rockley Point and Hamworthy.
The release of sediment from this source is considered further, as discussed in
Section 3.
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(e)
Channel Erosion
As discussed in section 3.2.2, the complexity of tidal currents within the harbour
channels makes it difficult to consider channel erosion through computational
modelling. The need for on-going dredging of the main navigation channels within
the harbour and maintenance of the marinas located on the northern fringes of the
harbour would indicate that, overall, channels are not self-scouring to the existing
depths. Further net erosion of the channels is therefore not expected to contribute
to the supply of sediment to the harbour.
(f)
River Flow
Fluvial material is transported to the Harbour primarily by the rivers Frome,
Piddle, Sherford and Corfe, which are all underlain by erodeable sands and clays
(Halcrow, 1999). The potential for sediment to be deposited across natural river
flood plains is limited by the canalisation of the existing embankments (for
example, on the River Frome and River Piddle). The comparison of the input of
sediment is difficult without turbidity measurements, but a comparison of monthly
flows against tidal prism has been carried out (Section 4).
2.7.2

Sediment Transport Pathways
(a)
Longshore Transport
Some littoral drift takes place around the margins of the harbour, evident by the
presence of sandy beaches that have formed along the northern margins of the
harbour. This will be considered further by establishing a sediment budget for the
Rockley to Hamworthy shoreline.
(b)
Tidal currents, Bed load & Suspended load
Improving the knowledge of the potential for sediment transport within the
harbour is, in part, the reason for the Telemac and Sandflow computational
modelling carried out for this study by HR Wallingford.

2.7.3

Sediment Stores/Losses
(a)
Barriers and Spits
Longshore processes transport material to the barriers that mark the entrance to
Poole Harbour where sandy material accretes as a spit formation, but their extent
is controlled by the tidal flow through the Poole Harbour Estuary entrance. Spits
and cuspate elongations have also formed on some of the beaches within the
harbour, for example the western shoreline of Brownsea Island and at Rockley
Point; and a shingle spit feature has formed along the north-east of the Arne
Peninsula (Bird and Ranwell, 1964). The evolution of the Rockley spit has been
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considered in the course of Technical Annex 3, in the context of developing a
sediment budget for the Rockley to Hamworthy shoreline.
(b)
Beaches
Sandy shingle, mixed sand and shingle beaches have developed at several locations
around the harbour margins. The beaches are associated with the erosion of cliff
material and littoral drift (Halcrow, 1999), although the feed of sediment on the
flood tide is also a factor, for example at Whitley Lake where sand beaches have
accumulated. This will be considered further by establishing a sediment budget for
the Rockley to Hamworthy shoreline, in Section 6.
(c)
Channels and Banks
Within the central and eastern parts of the harbour, there are banks and shoals
comprised of fine to medium sand.
(d)
Alluvial Flood Plains and Mudflats
Alluvial plains comprising of mud and sand have formed at the confluence where
the rivers meet with the Poole Harbour Estuary and flow velocity is minimal and
wave and tidal energies are significantly reduced. Clay and fine silt particles
contained within the mudflats are sourced by the marginal erosion of the estuary
and reworking of deposits on the harbour bed (Halcrow, 1999). The combined
effect of deposition by river flow and low marine activity provides ideal conditions
for the formation of mudflats. The lower River Frome, Upper Wareham Channel
and southern coast of the harbour are typical of mudflats that have formed in
these conditions.
(e)
Intertidal Flats, Saltmarsh and tidal creeks
Fine-grained material, including clay and silts are transported in suspension by
marine flow which is then deposited in areas of low tidal and current activity,
where it becomes stored as mudflats (as described above), intertidal flats
(independent of fluvial activity) and saltmarsh/within tidal creeks (Halcrow, 1999).
As large volumes of material become immobilised by the consolidation,
stabilisation of mudflats, and the colonisation by salt tolerant vegetation, saltmarsh
habitats form. The presence of vegetation within the intertidal zone form eddies
amongst the current flow, which encourages the settlement of suspended material,
such as silt and clay, ultimately resulting in saltmarsh accretion. Whilst saltmarsh
erosion has been the dominant trend over the past 50 years (Technical Annex 4),
there are areas of accretion within the harbour, and the mechanism of accretion is
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important to the future harbour response to sea level rise, which will be considered
through accommodation space analysis, as discussed in Section 3.
(f)
Dredging
Dredging of the navigation channels and marinas within the harbour and dumping
of sediment at the spoil disposal site off Handfast Point, represents a net loss of
sediment from the harbour.
2.7.4

Summary
Sediment is supplied to the estuary via the harbour mouth, and internally, from
sources within Poole Harbour Estuary. Longshore currents transport material to
Sandbanks and Studland spit, where it temporarily becomes deposited within the
ebb-tidal delta or immediately transported into the harbour by flood tides. From
there coarse material is transported by tidal currents along the main channels
where it accretes or remains to be transported as bed load around the harbour by
internal re-circulatory currents. Fine grained material is either transported into the
harbour on the flood tide, or supplied by cliff, beach, saltmarsh and channel
erosion, from where it is transported out of the estuary by ebb currents or redeposited as alluvial plain, intertidal flats or on saltmarsh.
Aeolian transport occurs across Studland Heath at the entrance to the harbour, as
well as within its boundaries, for example Hydes Quay and south west of Arne
Peninsula, however much of this transport, especially along the South Haven
Peninsula, occurs inland of the shoreline. Artificial land reclamation has impacted
on the volume of the estuary and subsequently areas available for erosion and
accretion.
The presence of alluvial flood plains within the harbour indicates there is a supply
of fluvial input into the harbour. Whilst the quantities of sediment are unknown it
can only be assumed that due to the relative quantities of fluvial flow into Poole
Harbour, the amount of sediment input is relatively low.
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3

Key areas for Study
Following the review of existing knowledge, the following areas were identified as
being of primary interest in improving the understanding of estuarine processes in
Poole Harbour: Ways of addressing these issues have been identified depending
on data availability and reliability.

3.1

Sea Level Rise
Sea level rise is arguably the single most important factor in the evolution of Poole
Harbour over the next 50 years. It is expected that the present rate of mean sea
level change of 1.30 ± 0.56 mm/year will increase to 5mm/year over the next 50
years. More details of this issue are given in Technical Annex 7. This is expected
to directly influence the volume of water passing in and out of the estuary on each
tide (known as the “tidal prism”) which in turn will affect sedimentation as part of
a continuous feedback system, which is seeking an equilibrium.
The response of an estuary to sea level rise will depend on the availability of
sediment. In the absence of predictive methods to relate these two factors, it is
necessary to consider several different scenarios for change. Whilst it is not
possible to provide a best-estimate of the evolution, the scenarios serve as bounds
(albeit based on extreme assumptions) to the future outcome.
Three scenarios for change due to accelerated sea level rise have been identified,
depending on the availability of fine sediments from river catchments and the
adjacent shoreline:
1. The first is that the availability of fine sediments is high and that vertical
accretion within the harbour exceeds sea level rise. The tidal prism will be
reduced.
2. The second is that the vertical accretion within the harbour is the same as sea
level rise. The tidal prism will remain the same.
3. The third, is that vertical accretion within the harbour is less than sea level rise.
The tidal prism will increase.
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A further factor, is the degree of constraint on landward movement of the harbour
edge. For example, the north-east shoreline is protected with coastal defences and
thus constrained from translation inland. This is known as “coastal squeeze”.
This area will be addressed through:
•
•

3.2

Review of the assessment of saltmarsh and reedbed change contained in
Technical Annex 4
Accommodation space analysis using GIS modelling of the harbour
seabed and shoreline, which is described in Section 4.

Evaluation of Sediment Inputs, Transport and Outputs
Section 2.7 provides an outline of the inputs, transport and outputs of sediment in
the harbour, but few of these processes have been evaluated (attributed volumes of
sediment or rates of change). This will be addressed through:
•
•
•

3.3

Interpretation of the Sandflow computer modelling carried out by HR
Wallingford for this strategy study, which is described in Section 5.
Review of the assessment of historic shoreline change at Rockley Point to
Ham Common (described in Technical Annex 3).
A separate assessment of inputs, pathways and outputs of the shoreline
between Rockley Point and Hamworthy including analysis of particle size
distribution of sediment samples and review of potential longshore
transport, which is described in Section 6.

Relative Influence of River and Tidal Flows
It is certain that tidal flows through the Poole Harbour entrance are more
influential on the evolution of the harbour than river flows. However, the relative
difference in volumetric flows and sediment fluxes has not been calculated. This
will be addressed through:
•

Accommodation space analysis using GIS modelling of the harbour
seabed and shoreline, which is described in Section 4.
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4

Accommodation Space Analysis
Accommodation space is defined as the space available for the potential deposition
of sediment, which is largely controlled by external processes such as changes in
sea level and climate. Accommodation space analysis aims to assess the changes in
sediment storage capacity of the estuary over a specified timescale. Calculations of
the area and tidal prism of the Harbour Estuary using Geographical Information
Systems (GIS) produced an estimation of the water volume contained within the
estuary and therefore the potential capacity for the estuary to hold sediment.
Using the accommodation space model of the existing harbour, the potential
implications of long-term change to sea level rise have been examined. Whilst the
model does not attempt to simulate the short-term hydrodynamics of the harbour
(for example, the water level at any particular point in the tidal cycle is assumed to
be horizontal, whereas in reality there will always be a slope gradient driving the
tidal flood/ebb), it is capable of addressing the long-term change in the harbour,
which cannot be simulated using a hydrodynamic model.

4.1

Method
The area of inundation and the volume of water associated with different tidal
levels was carried out in a GIS using a digital terrain model (DTM) of Poole
Harbour. The tidal curves for Poole Harbour were take from Admiralty Tide
Tables and are given in Figure 4.1.
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Figure 4.1: Spring and Neap Tidal Curves
This DTM was produced from two sources of topographic data:
•

•

Processed Environment Agency LiDAR (Light Detection and Ranging)
data were used for areas above Mean Sea Level (0mOD). These data were
collected in 1998 with a 2m grid spacing relative to Ordnance Datum.
Bathymetric data (below 0mOD) were obtained relative to Chart Datum
from Poole Harbour Commissioners and were combined with Admiralty
Chart data by HR Wallingford before being passed to Halcrow. These data
were adjusted to Ordnance Datum, converted to a 2m grid and merged
with the LiDAR data to give a single DTM of Poole Harbour.

A map of bathymetry is shown in Figure 4.2. The area and volume of Poole
Harbour flooded at a given tidal level was evaluated as the total area and volume of
the DTM below that level. It was assumed that the water level was of a flat
hydraulic gradient. The method does not, therefore, account for differences in
volume at the head of the estuary due to freshwater inflow, or at the mouth by
tidal influxes.
The effect of sea level change was analysed by repeating this exercise for predicted
tidal levels for future years. A predicted increase of 5mm/yr (MAFF, 1993) was
used to simulate future sea level in 2053 (+25mm) and 2103 (+50mm) (further
information on Climate Change is given in Technical Annex 7).

39

4.2

Results
GIS calculations produced one main set of results on the area inundated by tidal
waters at specified intervals throughout the tidal cycle.

4.2.1

Tidal Cycles
As might be expected, the relationship between the area of inundation and the tide
time (Figure 4.3) is similar in overall shape to the tidal curve (Figure 4.1).

4.2.2

Dispersion of Water During the Tidal Cycle
The area of the harbour that is inundated during the spring and neap tidal cycles
has been plotted in Figure 4.4. As might be expected, the figure is very similar to
the Admiralty Chart (Figure 2.1) since the representation of the main channels are
based on the same data. There are some minor differences, arising primarily
because:
•

•

the GIS model includes the LiDAR data of the saltmarshes, which
provides a more accurate representation of the levels in these areas (since
the Admiralty Chart is designed for the purpose of navigation, levels of
saltmarshes are not generally surveyed or represented in great detail since
they are normally too shallow to navigate)
the method of interpolation between survey points will differ between the
GIS model and the Admiralty interpretation.

It is evident from the outlines of low water in Figure 4.4 that most of the area of
the estuary is permanently inundated even during the spring tide cycle. The areas
available to receive tidal waters during the typical spring tidal cycle are limited to
the western and southern margins, particularly the Wareham Channel and Wych
Channel, shown on Figure 2.1. There are some limited areas of accommodation
space on the northern side at, particularly in Holes Bay, but also to a much lesser
degree in Lychett Bay, Blue Lagoon and Whitley Lake. The remainder of the
northern side of the harbour is protected by linear defences and will allow no
change in intertidal area as the tide level changes. On the southern side of the
harbour, the geology of the Arne Peninsula and Brownsea Island reduces the
accommodation space.
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Figure 4.3: Area inundated during Poole Harbour Tidal Cycle
4.2.3

Stage - Area Relationship 2003
The inundation area was plotted against tidal level (or “stage”) (Figure 4.5). The
Stage-Area relationship is effectively the 3-dimensional profile of the estuary
rendered in a 2-dimensional plot. As discussed in Section 4.2.2 the variations in
gradient that are seen on this figure are primarily related to mudflats and
saltmarshes around the south and western fringes. The figure clearly shows the
flatter areas of mudflat and slightly steeper and less regular influence of
saltmarshes.
It is of interest to note:
•

the difference in gradient between flatter upper mudflats (between Mean Sea
Level (0mOD) and Mean Low Water (–0.5mOD)) and slightly steeper lower
mudflats (between Mean Low Water (–0.5mOD) and Lowest Astronomic
Tide (–1.5mOD));

•

the difference in gradient between flatter upper saltmarshes (between Mean
High Water Springs(0.8mOD) and Mean High Water (0.5mOD)) and
slightly steeper lower saltmarshes (between Mean High Water (0.5mOD) and
Mean Sea Level (0mOD)); and
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•

the steepening of the curve above Mean High Water Springs which
represents the geological and man-made constraint around the harbour
margins.

The tidal prism of the harbour can be calculated from the Stage-Area curve, by
integrating the area to the left of the curve, between the high and low water. The
tidal prisms for Highest/Lowest Astronomical Tide, Spring Tide and Neap Tide
are given in Table 4.1. As identified in Section 3 (Key Areas for Study), these
values can be used to compare tidal and river inputs into the harbour. The
monthly flow rates in the River Frome and River Piddle, which provide the two
largest fluvial inputs into the harbour, are given in Table 4.2 (which reproduces
information provided in Section 2). Together the rivers discharge a volume
equivalent to only 1.5% of the tidal prism. By comparing the plan sizes of the
catchments (Figure 2.4), the total river and drainage discharges (including the
River Corfe, Sherwood and other inputs) is probably in the region of 2%. Whilst
there is no information readily available to compare the turbidity of the river and
tidal inputs, this would appear to indicate that the input of sediments from the
rivers is likely to be a small part of the overall harbour sediment budget. Further
improvement of this comparison cannot be made without obtaining turbidity
measurements (or existing data) at the river mouths and harbour entrance.
High/Low
Astronomical
(m3)
Tidal Prism 2003

70,229,000

Average
Spring Tide Neap Tide
Spring/Neap
(m3)
(m3)
(m3)
45,792,000

15,008,000

30,400,000

Table 4.1 Tidal Prisms 2003
Average Monthly Flow
(m3/month)

Percentage Compared to
Average Tidal Prism (%)

1,824,000,000

100%

River Frome

20,000,000

1.1%

River Piddle

9,000,000

0.5%

Tidal Prism 2003

Table 4.2 Comparison of River and Tidal Flow
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4.2.4

Stage - Area Relationship 2053
The affect of sea level rise on the estuary was considered by adjusting the StageArea relationship. The tide levels were increased by 250mm to simulate sea level
rise up to 2053 (see Technical Annex 7 for more information on Climate Change).
The response of the estuary was tested using two of the three scenarios outlined in
Section 3.1:
•

Tidal Prism will Remain the Same: Uniform Vertical Accretion – In this scenario,
the Stage-Area relationship was adjusted assuming that uniform vertical
accretion of occurs throughout the estuary. The new relationship is
plotted in Figure 4.6, which demonstrates that the tidal prism will remain
the same (Table 4.3).

•

Tidal Prism will Increase: Zero Sum Erosion and Accretion – In this scenario, the
Stage-Area relationship produced in Uniform Vertical Accretion scenario was
adjusted such that the volumes of accretion and erosion were equal. This
simulates the response of the estuary should there be no additional
sediment available in the course of the 50 year sea level rise. In Figure
4.7, the Uniform Vertical Accretion curve is moved to the right. The tidal
prism is increased, by about 8-9% as shown in Table 4.3.

Both of these scenarios rely on the assumption that the existing profile of the
estuary showing in the Stage-Area relationship is in equilibrium with the current
rate of sea level rise. It is not possible to prove this assumption, but it is not
unrealistic, given the relatively slow rate of sea level rise over the past 50 years (see
Technical Annex 7).
High/Low
Astronomical
(m3)

Spring
Tide
(m3)

Average
Neap Tide
Spring/Neap
(m3)
(m3)

Tidal Prism 2003

70,229,000

45,792,000 15,008,000

30,400,000

Tidal Prism 2053
(Uniform Vertical
Accretion)

70,229,000

45,792,000 15,008,000

30,400,000

Difference
2003-2053

0%

0%

0%

0%
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High/Low
Astronomical
(m3)
Tidal Prism 2053
(Zero-Sum Erosion &
Accretion)
Difference
2003-2053

76,729,000

9.3%

Spring
Tide
(m3)

Average
Neap Tide
Spring/Neap
(m3)
(m3)

49,792,000 16,258,000

8.7%

8.3%

33,025,000

8.5%

Table 4.3 Tidal Prisms 2003 & 2053
(a)
Implications of No Change in the Tidal Prism: Uniform Vertical Accretion
The implications of Uniform Vertical Accretion are:
•

This scenario would imply accretion of 250mm over the intertidal areas
and some filling of the sub-tidal areas. In addition it would be expected
that the sub-tidal areas would also fill, although accretion at the harbour
entrance would be unlikely since the flow rates are sufficiently high and
would remain unchanged (as the tidal prism is unaltered). The depth of
fill in sub-tidal areas could be assumed to vary from the full 250mm at
Lowest Astronomical Tide to zero at the harbour entrance. The volume of
sediment that would be required would be 8,000,000m3 over the next 50
years or 160,000m3/year (Table 4.4). This is a large quantity of sediment,
the implications of which will be examined more closely in the Sediment
Budget (Section 7);

•

There would be no coastal squeeze as existing habitats (for example:
mudflats, saltmarshes) would be raised up over the same plan form; and

•

The tidal prism would be unaltered, so rates of tidal flow in/out and
around the harbour would be expected to remain the same.
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Uniform Vertical Accretion
sea level rise

m / 50 years

0.25

inter-tidal area HAT

m

2

38,000,000

inter-tidal area LAT

m

2

12,000,000

inter-tidal area

m

2

26,000,000

inter-tidal accretion (volume)

m

3

6,500,000

sub-tidal accretion (volume)

m

3

1,500,000

total accretion (volume)

m

3

8,000,000

accretion per year

3

m / year

160,000

Table 4.4 Calculation of Sediment Required for Uniform Vertical Accretion
(b)
Implications of an Increase in the Tidal Prism: Zero Sum Erosion and Accretion
The implications of Zero Sum Erosion and Accretion are:
•

No additional sediment (in addition to the present rate of transport) would
be required from the adjacent coastal areas (or from river flows).

•

Areas of intertidal mudflat (below 0mOD (present day Mean Sea Level))
would accrete by 0-100mm.

•

Areas of lower saltmarsh (between 0mOD and 0.6mOD (present day
Mean High Water)) would erode down to mudflat.

•

Areas of upper saltmarsh (above 0.6mOD up to 0.8mOD (present day
Mean High Water Springs) would not experience any significant change to
the overall area.

•

The estuary profile would need to be allowed to adjust (without geological
or man-made constraint) above present day Mean High Water Springs
(which will become Mean Sea Level by 2053), by moving landward over
an area of 1,500,000m2 (or 150ha).

•

The tidal prism would increase by 8-9%, so rates of tidal flow in/out and
around the harbour would be expected to increase. The resulting variation
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in peak flows cannot readily be predicted, but since the duration of the tide
would remain the same, the average tidal flow would also increase by 8-9%.
The volume of sediment required to allow Scenario 2 to develop is of the order of
160,000m3/year. The potential rates of sediment in the harbour entrance are
sufficient to transport this volume and that the volume of sediment in Hook Sand
is at least ten-times, if not, one-hundred times greater than this volume. It follows
that an on-going supply of this volume of sediment to the harbour is realistic. It is
possible, therefore that the harbour’s response to sea level rise would not result in
coastal squeeze, since the saltmarshes could receive sufficient sediment to accrete
vertically. However, if the natural feed of this volume of sediment to the
saltmarshes does not occur (Scenario 3), the maximum area of saltmarsh that
would be lost to coastal squeeze would be 150ha. On this basis, the provision of
between 0ha and 150ha of additional inter-tidal area would be sufficient to allow
for the estuarine response to sea level rise over the next 50 years.
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5

Interpretation of Tidal Modelling
Tidal modelling was carried out by HR Wallingford using a suite of models
simulating a 7-day tidal curve, ranging from a spring tide to a neap tide. The
models were used to simulate the potential sediment flux for 250micron sediment.
Further information is found within the modelling report, HR Wallingford (2003).
The models covered the whole of the strategy area, but this section considers only
the sediment flux within the harbour and in/out of the harbour entrance. Details
of the interpretation of coastal processes outside the harbour are given in
Technical Annex 5.

5.1

Tidal Flows
The results of the tidal modelling are best viewed through an animation that is
included in the electronic version of this report. Extracts from the animation are
given in Figures 5.1 and 5.2 which are adequate to demonstrate the particular
point of interest noted in Section 5.1.2. It should be noted that the current velocity
vectors are of different magnitudes in the spring and neap animations.

5.1.1

Spring Tide Current Velocity
Under spring tide flood conditions, current velocities into the estuary are relatively
fast, reaching a peak of 2-3m/s at the harbour entrance and reducing to 1-2m/s
along Middle Channel from where they are directed into and along the Wareham
Channel. Current flow during the flood tide from the harbour entrance into the
south of the estuary (south of Brownsea Island) is considerably slower (0.5m/s) as
it dissipates across the intertidal flats and saltmarsh.
Movement of ebb tidal waters from the estuary appears to be generally slower than
the flood, with current velocities in the region of 0.1m/s.

5.1.2

Neap Tide Current Velocity
As would be expected, neap tide flood currents are generally much slower than
spring tide velocities. Flows in the region of 0.5m/s are directed into the harbour
and propagate through Middle Channel towards Wareham Channel. Flood tide
flows to the south-western margins of the estuary, towards Wareham and into the
Wych Channel are slower, being of the order of 0.2-0.3m/s.
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5.1.3

Standing Water on Neap Tides
After the neap high water, the tidal currents become more complex. As would be
expected, the tidal waters at the upstream margins of the estuary (particularly in the
Wareham Channel and Lychett Bay) start to ebb downstream. At the same time,
however, at the harbour entrance the flood current continues to enter, such that 3
hours after high water the inflow is greater than at high water. The inflow is
directed more to the south of the estuary, along the channel to the south of
Brownsea Island, and less along the Middle Channel to the north of Brownsea
Island (Figure 5.2).
The two opposing currents (the ebb from upstream and the flood from the
harbour entrance) cause an area of standing water with current velocities of less
than 0.1m/s. It is not known how long the standing water lasts for, however it is
thought to occur between high water and some time after low water, when the
flood tide enters the estuary. Based on the tidal curve in Figure 4.1, it is thus
estimated that standing water could lasts up to 4 hrs. The location of standing
water extends from Poole (in the north), Arne Bay (to the west), Brownsea Island
(to the east) and Middlebere (in the south). This represents a reversal of the
hydraulic gradient of the estuary (that is, water levels at the mouth are greater than
those towards the head of the estuary). There is at this time, a strong potential for
the deposition of fine grained material from suspension, and may explain the
existence of a relatively expansive area of intertidal muds along the western
margins of Poole Harbour Estuary.

5.2

Sediment Transport Potential
The potential for sediment transport within the harbour due to tidal flows (without
wave action) over a 7-day spring to neap period is shown in Figure 5.3. The
greatest potential sediment transport within the harbour occurs within the Middle
Channel to the east and north of Brownsea Island. Rates of sediment flux
decrease considerably towards the estuary margins to the south and west.
In addition, the effect of wave action from outside the harbour and the effect of
waves generated by winds within the harbour were modelled. HR Wallingford
concluded that:
•

the narrow entrance of Poole Harbour and the sheltering effects of
Sandbanks and Studland means that wave action through the harbour is
limited and therefore has little effect on the patterns of sediment transport
within the harbour.
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•

5.2.1

the effects of wave stirring on the sediment transport processes is
relatively minor (of the order of 10% in the main channels).

Estuary Channels
Coastal processes and tidal flows dominate sediment transport at the estuary
mouth. Technical Annex 5, Coastal Processes, discusses the hydrodynamics and
sediment transport regime at the mouth of the estuary in more detail.
Inside the harbour entrance, the predominant sediment flux is into the harbour,
and has a potential of 60,000 – 600,000m3/year. From this point sediment
pathways along the Middle Channel and to the south of Brownsea Island are
available to transport sediment higher into the estuary. The rate of sediment flux
may double under storm conditions from the south-east within Poole Bay (Figure
5.4)
Within the Middle Channel the predominant sediment flux is downstream,
controlled by the ebb tide. The main sediment pathway through the estuary runs
from the entrance to the Wareham Channel (between Ham Common and Arne
Peninsula) and passes along the outside bend of the Middle Channel around
Brownsea Island to the north side of the harbour entrance.

5.2.2

Estuary Channel and Margins
Sediment transport potentials within the channels tend to show an alternating
upstream – downstream pattern. For example, within the Wareham Channel, the
potential within the channel tends to demonstrate greater downstream sediment
transport potential on the outside bends and greater upstream potential on the
insides of bends (Figure 5.3). The two sediment fluxes would appear to be
balanced, but demonstrates the potential for sand-sized particles to be transported
throughout much of the harbour. Clearly the movement of finer-sized particles
will be more wide-spread and greater in magnitude.
Potential net sediment transport in the highest margins of the estuary (mouth of
the River Frome, Wych Channel, Holes Bay, and between the Goathorn Peninsula
and Studland) is dominated by the flood tide. Sediment deposition and accretion
tends to take place over the shallowest, most sheltered areas of the estuary
margins.
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6

Sediment Budget – Shoreline from
Rockley Point to Hamworthy
The long term response of the beach between Rockley Point and Ham Common
has implications for:
•
•
•
•

the Rockley Point Caravan Park
the future management of Ham Common Local Nature Reserve
the Lower Hamworthy frontage, where the beach acts to reduce wave
overtopping
the supply of sediment to other areas within the harbour

This section is based on the following:
•
•
•
•

6.1

review of potential longshore transport rates provided in HR Wallingford
(1995) and included in Figure 6.1.
review of wave conditions assessed in Technical Annex 1, Section 1
review of shoreline evolution carried out using georectified aerial
photographs, as described in Technical Annex 3
particle size distribution analyses of sediment samples from the beaches

Particle Size Distribution of Sediment Samples
A sediment sampling exercise was carried out along the frontage to assess the
sediment type, distribution and sorting of material along the beach. Figure 6.2
shows the locations of sampling points, photographs of each sample location are
provided in Appendix A and Table 6.1 summarises the results obtained from the
exercise.
When the results from all samples are combined (Figure 6.3), it is evident that the
beach is predominantly comprised of sand (56%) and pebbles (38%). 5% of the
beach is comprised of cobbles and 1% silt. Figure 6.4 shows the alongshore
variation in grain size, from west to east. In general the proportion of sand
increases from west to east and therefore the net longshore transport would be
expected to move from west to east. This is discussed further, however, in Section
6.2.
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The majority of cobbles are clearly located around Rockley Point, with the
exception of those found at Hamworthy Park (Sample Location 6). These large
cobbles and boulders are derived from the erosion of seawalls and breakwaters
built up to 120 years ago (HR Wallingford, 1995) and are not indicative of the
energy produced by the local wave climate.
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Figure 6.1 Poole Harbour Wave Prediction Points and Potential Drift Rates using the CERC equation. Source: HR Wallingford
(1995).
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Sediment Sampling Location ID No.
Sediment Size Class
Gravels

11

10

9

2

1

8

7

6

5

3

4

Very large boulders
Large boulders
Medium boulders
Small boulders
Large cobbles

Sand

9

Small cobbles

8

21

10

2

Total

8

30

10

2

Very coarse pebbles

14

3

15

30

Coarse pebbles

8

2

10

5

Medium pebbles

4

5

10

5

Fine pebbles

3

2

5

10

Very fine pebbles

3

4

5

Total

32

16

45

Very coarse sand

5

4

20

Coarse sand

5

10

20

20

Medium sand

35

32

5

30

Fine sand

15

8

60

54

50

30

10

10

8

10

10

8

5

2

2

8

5

2

18

5
10

32

5

10

4

5

2

15

10

10

15

5

2

15

40

40

40

43

20

40

50

50

35

35

60

10

30

20

55

15

15

50

3

5

5

3

10

2

10

2

Very fine sand
Total
Silt

45

50

60

60

60

55

80

60

40

Very coarse silt
Coarse silt
Medium silt

Clay

Fine silt

5

Very fine silt

5

Total

10

Clay
Total
Total for All Grain Sizes

100

100

100

100

100

100

100

100

100

100

100

Table 6.1: Sediment gain size distribution across all sample locations (organised from west to
east). Sediment size class determined using Wentworth (1922) and Friedman and Saunders (1978)
classifications.
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Figure 6.3 Sediment grain sizes
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Figure 6.4 Alongshore Sediment Grain Size Trends
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6.2

Assessment of Inputs, Pathways and Sinks along the Rockley to
Hamworthy Shoreline
This section considers the Rockley to Hamworthy shoreline separately from the
main harbour estuarine processes.

6.2.1

Sediment Inputs
The main sources of sediment for this frontage are the cliffs that stretch some
350m from the east end of Rockley Caravan Park along Ham Common. Over the
past five decades since 1947, there has been approximately 0.2m/year of erosion
(averaged along the frontage) (Technical Annex 3). The adjacent cliffs to the west,
in front of the caravan park eroded by a slightly higher rate of 0.3 – 0.4m/year
until the construction of the defences at the toe of the cliffs in 1980. Overall the
supply of sediment from the cliffs has been in the region of 200-300m3/year.
Particle size distribution analyses carried out for the beaches between Rockley and
Hamworthy show an absence of silt (sediment of diameter <63micron) and very
fine sand (sediment of diameter 63-125micron). This is excluding Sample Location
4, which is adjacent to Poole Yacht Club, where 10% of the sediment sampled was
silt which has been trapped in this corner, highly sheltered from tidal and wave
action. This confirms that silts and very fine sands released from the cliffs do not
remain on the beaches and are winnowed off the shoreline and into the main
harbour sediment system.

6.2.2

Sediment Pathways
Sediment moves along the shoreline through wave induced longshore transport.
The calculation of potential longshore transport using the CERC equation (Figure
6.5) indicates a general potential for movement from west to east. This is
confirmed when considering the shape of the shoreline prior to any of the
reclamations within Poole Harbour (prior to 1400s). Figure 2.2 (in Section 2)
shows the spit at the entrance to Holes Bay, which caused the Little Channel to
divert eastwards, a situation which remains fixed today. In addition, there is a
general trend of decreasing sediment size from west to east. In particular, the
proportion of sand to pebbles is especially high at Sample Location 5 (Lower
Hamworthy), and could be explained by the accumulation of sands transported
downdrift and the deposition of material by tidal currents trapped by the existing
timber groynes.
The CERC analysis does not take into account however, the affect of wave height
differentials along the shoreline or tidal currents. From inspection of the wave
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climates for three locations along the Rockley to Hamworthy frontage (Technical
Annex 1, Section 1.3, Table 1.3) the wave conditions at Ham Common are more
severe than at Rockley Point and at Hamworthy. This is due to the longer fetch
length at Ham Common to the south-west along the Wareham Channel. The
result of the difference in wave climates is an expectation that a drift divide will
form and sediment will move away from Ham Common, west towards both
Rockley Point and east towards Hamworthy. This expectation is reinforced by the
presence of a spit at Rockley Point, which is influenced by the flood tide entering
Lychett Bay and the feed of sediment from the drift divide to the east.
In addition, the lower percentages of sand and higher percentages of pebbles at the
cliff frontages Ham Common (Sample Location 9 and 2 on Figure 6.2) would
confirm a winnowing of finer sediment away from these locations and to the west
(Sample Location 11 and 10) as well as to the east (Sample Location 1, 8, 6 7).
These trends are shown more clearly on Figures 6.5 and 6.6.
6.2.3

Sediment Outputs
The historical change seen in the aerial photographs in Technical Annex 3 shows
that sediment has not accumulated at either Rockley Point or at the east end of
Ham Common. This would indicate that the sediment eroded from the cliffs and
moved by longshore transport is not stored in the adjacent beaches, but is
continually eroded into the main (tidally driven) harbour sediment transport
pathways. The cliff erosion of 200-300m3/year, can therefore be considered as a
reasonable estimate of the sediment input into the harbour from the Rockley to
Hamworthy frontage.
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7

Qualitative Sediment Budget
The sediment inputs, pathways and outputs identified in Section 2.7 are reviewed
in this section, and, where possible, evaluated. The maps in Figures 7.2 - 7.4 show
the sediment inputs, stores and losses identified in both Section 2.7 and in this
Section. It should be noted for clarity that a sediment store refers to temporary
loss of material from the sediment budget and a loss refers to a permanent loss of
sediment from the system. The timescale over which sediment will be stored is
dependent on the feature in/on which it has been deposited. For example material
could be stored in a beach for a period of time that ranges from months to years,
while material could be stored within a saltmarsh for centuries. Material lost from
the sediment budget accounts for that which will never be returned to same
system.

7.1.1

Sediment Distribution
Sediment grain sizes are as defined by the grain size scale, as shown in Table 1.1.
Patterns of sediment distribution have been determined through the use of the
Review of Existing Knowledge (Section 2) and Interpretation of Tidal Modelling
(Section 5).
The pattern of distribution is largely a function of varying tidal and wave energy
(HR Wallingford, 1995). Sediment grain size trends show a general fining up
estuary/landward of the mouth in response to waning tidal currents and carrying
capacity of the main estuarine flow, with intertidal muds dominating along the
western and southern margins of the harbour and sand grade sediment dominating
the North, Middle and Wych Channels. There is a degree of variation within this
trend, which is predominantly associated with the north eastern margin of the
estuary, and where restricted wave energy means nearshore sediments can be
poorly sorted (HR Wallingford, 1995). Fine grained sediments are found in the
channel centres, with more coarse sediment deposited along the channel margins
(HR Wallingford, 1995).
Pebbly sand lines the south western frontage of Poole, with cobbles to the west of
Rockley Sands and towards Lower Hamworthy. Cobbles and gravels are only
present at one other location, which is close to the mouth of the estuary, and based
on the distribution and grain size of other material within the estuary, would
represent flows with especially high energy to transport bed load or maintain
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sediment of this size in suspension. Gravel and stones are found at Brownsea
Roads near the harbour entrance (HR Wallingford, 1990).
Sand material forms the ebb-tidal delta that extends across the Swash Channel and
into Hook Sands. It also predominates along the Middle, North and Wareham
Channel, however the size of sand does vary across the channels. Coarse sands,
with gravels and stones, are present at the interface of the Middle Channel and the
Harbour Entrance, with sediment becoming finer towards Poole Quay (HR
Wallingford, 1990). Sand shoals are also present along the inner margins of the
North Channel and Middle Channel. Muddy sands exist along the northern face of
Brownsea Island and within the Northern Channel. Siltation of fine silty sand
(160µm) occurs at zone of convergence between the Middle and Wareham
Channel, moving along the channel from the west and a second zone of
convergence of coarser sand (250-400µm) into the inside of the bend (HR
Wallingford, 1990). Restricted wave energy means nearshore sandy sediments can
be poorly sorted (HR Wallingford, 1995).
Intertidal muds and alluvial plains are found in the more sheltered parts of the
estuary, including Holes and Lychett Bay, upstream sectors of Wareham Channel,
tributaries of Wych Channel, Arne Bay, Ower Bay, Newton Bay and Brand’s Bay.
The north eastern shoreline and the north coast of Brownsea Island are also
afforded some protection from wave exposure and relatively slow tidal streams,
consequently leading to the deposition of fine grained silts and muds. Generally,
intertidal muds vary in concentration from tide to tide, and tend to decrease on
neaps and increase with wave action. In contrast to this, mud siltation occurs over
a wider area on mean and neap tides, but in most areas, it is re-eroded on spring
tides or by wave action.
7.1.2

Sediment Supply
(a)
Offshore
The review of coastal processes (Technical Annex 5), identified the potential for
sediment movement towards the harbour entrance:
•
•

from the west along the Studland & Shell Bay shoreline – the sediment
transport potential was evaluated as being 4,000 – 10,000m3/year of sand
from the east along the Sandbanks frontage, East Looe Channel and over
Hook Sand – it is not possible to establish fully the potential supply of
sediment, but the movement of sediment from the seaward to landward
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•

end of the Hook Sand was found to be of the order of 20,000 –
200,000m3/year
through the Swash Channel on the flood tide (although the sediment
transport on the ebb at this location is greater, sediment that passes into
the harbour entrance on the flood is likely to move some distance into the
harbour, well beyond this localised influence of the ebb within the Swash
Channel)

Computational modelling carried out for this study (HR Wallingford, 2003) shows
that within the harbour entrance the potential for sediment movement upstream
into the harbour is of the order of 60,000 – 600,000m3/year.
Whilst it is not possible to evaluate the full potential for sediment supply from
offshore, the local availability of sand is high, in particular when considering the
size and high degree of sediment movement at Hook Sand.
(b)
Cliff Erosion
The supply of sediment from the cliffs between Rockley and Ham Common has
been evaluated in Section 6 as, being of the order of 200-300m3/year. This is small
when compared to the potential for supply of sediment from offshore.
(c)
Saltmarsh Erosion
The degree of erosion of saltmarshes (excluding land reclamation) over the past 46
years has been 215ha, or approximately 5ha per year (Technical Annex 4, Section
3.1). This has been due to a number of factors including Spartina dieback, sea level
rise, invasion by other species, wave erosion, and anthropogenic causes other than
reclamation. Technical Annex 4 (Section 3.3) shows that the typical level of
saltmarsh within Poole Harbour is 0.6mOD. The lowering of the saltmarsh is
lowered to a typical mudflat level of between Mean Sea Level (+0.2mOD) and
Mean Low Water Neaps (-0.2mOD) would result in a release of some 20,000 –
40,000m3/year of fine sediment. The findings of Saltmarsh Analysis for Poole
Harbour, Technical Annex 4, concluded that it is still unknown how much erosion
has been / will be caused by wave action.
(d)
Beach Erosion
The erosion of beaches or the cliffline has not been directly measured, but the
historical change seen in the aerial photographs in Technical Annex 3 shows that
sediment has not accumulated at either Rockley Point or at the east end of Ham
Common. This would indicate that the sediment eroded from the cliffs and
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moved by longshore transport is not stored in the adjacent beaches, but is
continually eroded into the main (tidally driven) harbour sediment transport
pathways.
(e)
Channel Erosion
It was identified in the initial review that there is a need for the on-going dredging
of the main navigation channels within the harbour and the marinas located on the
northern fringes of the harbour. This indicates that overall, the channels are not
self-scouring to the existing depths. Further net erosion of the channels is
therefore not expected to contribute to the supply of sediment to the harbour.
(f)
River Flow
The volumes of river flow have been compared in Section 4. The total river and
drainage discharges (including the River Corfe, Sherwood and other inputs) are
probably in the region of 2%. Whilst there is no information readily available to
compare the turbidity of the river and tidal inputs, this would appear to indicate
that the input of sediments from the rivers is likely to be a small part of the overall
harbour sediment budget. Further improvement of this comparison cannot be
made without obtaining turbidity measurements (or existing data) at the rivers
mouth and harbour entrance.
7.1.3

Sediment Transport Pathways
(a)
Longshore Transport
The localised longshore transport along the main beach frontage, Rockley to
Hamworthy has been reviewed in Section 6. The predominant pathway from west
to east from Ham Common to Hamworthy was re-confirmed. In addition, a drift
divide, resulting in net westward movement from Ham Common to Rockley Point
was also found. The potential for transport is sufficient to allow longshore
movement of all of the material released from the cliffs, such that it is moved
along the shore from where it is can be dispersed from Rockley Point and
Hamworthy Beaches into the main tidal sediment pathways.
(b)
Tidal currents, Bed load & Suspended load
The computational modelling discussed in Section 5 has re-confirmed a
predominant downstream sediment movement within the channels of the estuary
and a predominant upstream movement in the shallower margins. The modelling
also demonstrated that there is the potential for sediment transport throughout the
harbour and into the Wareham Channel, Wych Channel, Hole Bay, Lychett Bay
and the southern outer harbour. This demonstrates the potential for sediment
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from the shoreline outside the harbour to be transported to and accreted on the
estuary margins, on mudflats and saltmarshes.
7.1.4

Sediment Stores/Losses
(a)
Barriers and Spits
Due to their small size, barrier and spits within the harbour (for example, Rockley
Spit) will not contribute greatly to sediment storage. The Studland and Sandbanks
spits are considered in Technical Annex 5 as coastal features. The storage of
approximately 2,400m3/year in the Studland Spit represents a (albeit temporary)
loss from the coastal sediment budget, rather than from the budget of Poole
Harbour.
(b)
Beaches
In line with the findings of 7.1.1 (d) above, the change of sediment volumes within
the beaches between Rockley to Ham Common has now been identified through
the analysis of aerial photographs (Technical Annex 3) and has shown to be very
small compared to the other types of Geomorphological Unit (for example
Saltmarsh volume change). Since the Rockley to Ham Common frontage is the
longest section of beach within the harbour, storage of sediment in other beaches,
for example at Baiter and Whitley Lake, are therefore expected to represented an
even smaller factor in the sediment budget. For the purpose of the sediment
budget of the whole harbour, these small changes do not need to be evaluated
further.
(c)
Channels and Banks
As noted within 7.1.1 (e) above, the main channels are maintained for navigation,
which over time removes the sediment which is temporarily stored.
(d)
Alluvial Flood Plains and Mudflats
The storage of sediment over time within these features has not been evaluated
and represents a key area for further investigation. One method of assessing this
in the future would be to compare LiDAR topographic data sets from different
years, but as yet, only one data set is available.
(e)
Intertidal Flats, Saltmarsh and Tidal Creeks
The historical and predicted future change of saltmarsh (Technical Annex 4)
represents a net supply of sediment, rather than a potential store. The storage of
sediment over time within mudflats has not been evaluated and is also an
important area for further investigation.
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(f)
Dredging
Volumes of capital and maintenance dredging of the harbour are given in Section
2.4.3. Typical annual volumes of maintenance dredging for decade 1990-2000
were 65,000m3. As noted in Section 2.4.3, due to the nature of capital dredging,
the timing and volumes of dredgings vary considerably from year to year. Over
the 33 year period, the total volume is 2,055,000m3. For the purpose of sediment
budget calculations, this equates to a historic extraction of some 60,000m3/year
Inputs/Pathway/Outputs (1) (2)
H = historical, P = potential

Inputs

From Offshore
Cliff Erosion
Saltmarsh Erosion
Beach Erosion
Channel Erosion
River Flow

P
H
H
total inputs

Outputs

Barriers and Spits
Beaches
Channels and Banks
Alluvial Flood Plains and Mudflats
Intertidal Flats, and Tidal Creeks
Saltmarsh
Maintenance Dredging (average)
Capital Dredging (equivalent annual
volume)
total ouputs

Low

High

(m3/yr)

(m3/yr)

60,000
600,000
200
300
20,000
40,000
assumed no net supply
assumed no net supply
not calculated
not calculated
small
not calculated
assumed no net storage
not calculated
not calculated
assumed no net storage
65,000
60,000
not calculated

Table 7.2 Summary of Poole Harbour Estuary sediment budget model.
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Sediment Transport
Mechanism

Tides

Sediment Supply (Inputs)

Sediment Store / Loss (Ouputs)

Sediment Loss (Output)

1. From Offshore

1. Barriers and Spits

1. Estuary mouth (barriers and spits)

2. Cliff Erosion

2. Beaches

2. Ebb-tidal delta (channels and
banks)

3. Saltmarsh Erosion

3. Inter-estuary channels and banks

3. Inter-estuary channels and banks

4. Beach Erosion

4. Beaches

4. Littoral drift (beach accretion)

5. Channel Erosion

5. Suspended sediment

5. Land reclamation (intertidal flats,
saltmarsh and tidal creeks)

6. River Flow

6. Swash Channel

6. Swash Channel

7. Intertidal flats (mud, saltmarsh
and tidal creeks)

7. Dredging

8. Alluvial flood plains

8. Alluvial flood plains

Waves
Fluvial

Table 7.2 Summary of Poole Harbour Estuary sediment budget model.
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8

Conclusions
Following the review of existing knowledge (Section 2), it was identified in Section
3, that by addressing the issue of sea level rise in the context of Poole Harbour,
making an evaluation of sediment inputs, transport and outputs and looking at the
relative influence of river and tidal flows an improvement could be made in the
understanding of estuarine processes.
The findings and understanding gained from this technical annex can then be
carried forward into the Strategy Review for Poole Harbour in order to: (i) form
the baseline against which any long term future management decisions can be
compared; and (ii) used to assess any potential impacts on the estuarine and coastal
system following development or implementation of the more immediate strategy.

8.1

Summary of Existing Knowledge and Findings of Additional Studies

8.1.1

Past Evolution
Poole Harbour is defined as a Drowned River Valley, which was carved into the
glacial sediments in the early to mid Holocene, flooded and subsequently in-filled
with sediment in response to rising sea levels. Poole Harbour later evolved with
the formation of a bar-built estuary (Poole Harbour Estuary), which now covers a
total area of nearly 4,000ha, with a coastline of just over 100km (Halcrow, 2002).
The entrance of Poole Harbour is defined by two barrier-spits, with islands,
channels and bars, sand and shingle beaches, intertidal flats, saltmarsh and sand
dunes located within the harbour. It is fed with saline water through a narrow
entrance that connects with Poole Bay and by several rivers and streams, which
join the estuary around its western margins.
Since this time, Poole Harbour has been subject to a number of anthropogenic
impacts, including;
•
•
•
•

land reclamation within the harbour;
dredging for the purpose of navigation;
management of the shoreline outside the harbour for the purpose of coast
protection; and
land-use changes within river catchments.
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8.1.2

Hydrodynamics
The tidal range in Poole Harbour is small, and therefore the estuary is defined as
“micro-tidal”. There is a tendency for double high waters along the Poole Bay
frontage and within Poole Harbour itself. A short “stand” at the first high tide is
followed with the second high water being lower than the first.
There is a point/location where the tide is neither ebbing nor flooding and
velocities are minimal, if not zero, and slack/standing water occurs. The period of
standing water is expected to be important for accretion of mudflats and
saltmarshes within the harbour.
Technical Annex 1, Section 2, which compares tidal curves under surge conditions
that occurred between 1996 and 2001, shows that no tidal locking was found to
occur within the harbour (although a prolonged high water stand on 19th
November 1996 was found throughout the study area from Bournemouth Pier to
Wareham. This was not due specifically to Poole Harbour itself).
A dominant flood asymmetry in Poole Harbour Estuary indicates that there tends
to be a greater volume of flood water within the estuarine channel(s) than on the
ebb, for the majority of time. Fluvial input into Poole Harbour is small relative to
the overall volume and size of the estuary (2% as now estimated). However the
stratification number for the estuary is high at 23309 (Halcrow, 2002), which
indicates that the system is in fact ‘well-mixed’, although stratification between
fresh and saline water has a tendency to occur close to the rivers.
The strongest tidal currents, which reach approximately 2.0m/s, occur in the
entrance to the harbour. Typical maximum tidal currents in the channels around
the north and east of Brownsea Island are 0.5m/s (Halcrow, 1999).

8.1.3

Geomorphology
Poole Harbour forms part of a complex system that comprises a number of
different geomorphological land types, which are referred to as Geomorphic Units.
Transfer of energy (for example, tidal energy) and matter (for example, sediment)
occurs between the units in response to a range of coastal and estuarine processes.
Estuarine processes dominate within the harbour. These are controlled by tidal
flow, water levels and fluvial inputs, however the presence of a barrier-spits at the
estuary mouth do restrict the free flow of tidal waters across the estuary mouth.
Consequently the geomorphology within the harbour is a direct result of bedrock
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geology, harbour morphology, sediment type and availability, tidal flows and
change in water levels.
The fact that Poole Harbour is a system and the geomorphological make-up of the
estuary is a product of the transfer of energy and matter, any changes to the tidal
prism will have impacts on the accommodation space and subsequently the
Geomorphic Units within Poole Harbour. The Geomorphic Units present within
Poole Harbour, described in this section, include:
•
•
•
•
•
•
•
•
•

estuary (as an overarching Geomorphic Unit)
barriers and spits
islands and cliffs
beaches (within the area from Rockley to Ham Common)
intertidal flats
saltmarshes
tidal creeks
sand dunes
coastal lagoons

The distribution of saltmarsh covers a total area of approximately 700ha and
knowledge of this distribution has been improved through the completion of a
habitat study for Poole Harbour (Technical Annex 4). The study indicates reed bed
to be concentrated in the upper-most reaches of the estuary (covering a total area
of approximately 130ha), and that the lower saltmarsh is eroding. This may be a
result of the conditions described in Scenario 2.
(a)
Sea Level Rise
The response of an estuary to sea level rise will depend on the availability of
sediment. In the absence of predictive methods to relate these two factors, it is
necessary to consider several different scenarios for change. Whilst it is not
possible to provide a best-estimate of the evolution, the scenarios serve as bounds
(albeit based on extreme assumptions) to the future outcome.
The scenarios were modelled through the use of accommodation space analysis,
using GIS modelling of the harbour seabed and shoreline, (as described in Section
4). The scenarios are described below.
1. The availability of fine sediments is high and that vertical accretion within the
harbour exceeds sea level rise. The tidal prism will be reduced.
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2. Vertical accretion within the harbour is the same as sea level rise. The tidal
prism will remain the same.
3. The volumes of accretion and erosion are equal; simulating a situation where
there was no additional sediment available in the course of the 50 year sea level
rise. The tidal prism will increase, by about 8-9%.
It is expected that only scenarios 1 is not realistic, given that sea level rise is
predicted to increase in future decades compared to the existing rate. The
implications of scenarios 2 and 3 are discussed in the following sections.
(i)
Scenario 2
It has been estimated that for the rate of sedimentation to keep pace with
the predicted rate of sea level rise, approximately 250mm of accretion
would need to take place over the intertidal areas and some filling of the
sub-tidal areas, although the depth of fill in sub-tidal areas could be
assumed to vary from the full 250mm at Lowest Astronomical Tide to
zero at the harbour entrance since the flow rates are sufficiently high and
would remain unchanged (as the tidal prism is unaltered). The volume of
sediment that would be required would be 8,000,000m3 over the next 50
years or 160,000m3/year.
It is assumed that there would be no coastal squeeze as existing habitats
(for example: mudflats, saltmarshes) would be raised up over the same
plan form; and the tidal prism would be unaltered, so rates of tidal flow
in/out and around the harbour would be expected to remain the same.
(ii)
Scenario 3
There would be no additional sediment delivered to Poole Harbour. It is
estimated that the areas of intertidal mudflat (below 0mOD (present day
Mean Sea Level)) would accrete by 0-100mm; areas of lower saltmarsh
(between 0mOD and 0.6mOD (present day Mean High Water)) would
erode down to mudflat; and the areas of upper saltmarsh (above 0.6mOD
up to 0.8mOD (present day Mean High Water Springs) would not
experience any significant change to the overall area. The findings of the
habitat study in Technical Annex 4, Section 7.1.2.c, suggest that the
lowering of saltmarsh to mudflat tends to take place between Mean Sea
Level (+0.2mOD) and Mean Low Water Neaps (-0.2mOD). It is therefore
suggested that the saltmarsh located between Mean Sea Level (+0.2mOD)
and +0.6mOD, could in the most extreme case erode down to mudflat, or
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otherwise become subject to cliffing, marsh-edge erosion or coastal
squeeze. The estuary profile would need to be allowed to adjust (without
geological or man-made constraint) above present day Mean High Water
Springs (which will become Mean Sea Level by 2053), by moving landward
over an area of 1,500,000m2 (or 150ha). This assessment supports the
findings of the habitat study, Technical Annex 4, which concluded that up
to 150 ha of saltmarsh could be lost as a result of coastal squeeze by 2053.
The volume of sediment required to allow Scenario 2 to develop is of the order of
160,000m3/year. The potential for sediment transport in the harbour entrance is
sufficient to transport this volume and that the volume of sediment in Hook Sand
is at least ten-times, if not, one-hundred times greater than this volume. It follows
that an on-going supply of this volume of sediment to the harbour is realistic. It is
possible, therefore that the harbour’s response to sea level rise would not result in
coastal squeeze, since the saltmarshes could receive sufficient sediment to accrete
vertically. However, if the natural feed of this volume of sediment to the
saltmarshes does not occur (Scenario 3), the maximum area of saltmarsh that
would be lost to coastal squeeze would be 150ha. On this basis, the provision of
between 0ha and 150ha of additional inter-tidal area would be sufficient to allow
for the estuary response to sea level rise over the next 50 years.
8.1.4

Qualitative Sediment Budget
The geomorphology, and subsequently the sediment budget is both coastal and
estuarine dominated, for example beaches are present in coastal process dominated
areas and mudflats and saltmarsh in estuarine dominated areas. Sediment transport
within the estuary is dependent on a number of conditions, including the tidal
currents, estuarine morphology, sediment availability and space for sediment
deposition; and conversely, the velocity differences effect sediment transport and
deposition and in turn the estuarine morphology. Sediment sampling analysis of
the main beach in the estuary, located between Rockley Sands and Lower
Hamworthy, showed a general coarsening in an easterly direction. This indicates a
general drift direction in an easterly direction, with a sorting of sediment as fine
material is winnowed from the beach and coarse material transported towards
Lower Hamworthy. Based on a review of existing knowledge, evaluation of
sediment inputs, transport and outputs and looking at the relative influence of
river and tidal flows, the principal findings of the sediment budget are as follows.
(i)

The main factors in the sediment budget are (i) tidal inputs; (ii)
saltmarsh erosion; and (iii) dredging.
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(ii)

(iii)

(iv)

8.2

Cliff erosion is very small, and river input is also small but further
work is required to confirm this. Based on the findings that
fluvial inputs make up 2% of the tidal prism, river flow would
have to increase by a factor of 50 to supply an equivalent amount
of sediment to the harbour to that currently provided through
tidal supply.
The characteristic shape of the Poole Harbour Estuary means the
intertidal to channel ratio is relatively high, with the channel only
providing a small volume of the actual accommodation space,
compared to that of the intertidal zone, or land above 0.06mOD.
Therefore, the majority of sedimentation takes place around the
estuarine margins, as opposed to the estuarine channels
themselves, enhancing the development of intertidal flats and
saltmarsh accretion.
The presence of intertidal and saltmarsh habitats in Poole
Harbour indicate that it is a store of sediment. In the past, Poole
Harbour was deprived of sediment and it can therefore be
inferred that the harbour is attempting to reach a status of
dynamic equilibrium. Until this status is reached the sediment
budget and geomorphology will be susceptible to change.

Implications of Poole Harbour Estuary Processes for Management of Flood
and Coastal Defences
Sea level rise and the impacts of changes in water level will govern the future
behaviour of Poole Harbour and the estuarine processes operating in it. The
estuarine processes study concludes that the tidal prism would increase by 8-9%,
with an associated increased of the average tidal flow by 8-9%. Under this scenario,
the estuary profile would need to be allowed to adjust (without geological or manmade constraint) above present day Mean High Water Springs (which will become
Mean Sea Level by 2053), by moving landward over an area of 1,500,000m2 (or
150ha). There is however a large degree of constraint on the landward movement
of the harbour edge, for example, the north-east shoreline is protected with coastal
defences, and in other areas there are geological constraints such as the Arne
Peninsula and thus constraining the estuary from translation inland. The
implications of this increase in the tidal prism would result in:
•

coastal squeeze resulting from the prevention of saltmarsh translation
inland due to sea walls and embankments - this means that the foreshore
would narrow, with the loss of mudflat and saltmarsh habitat.
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•
•

breaching of defences, with the increased risk and frequency of flooding
of low-lying areas behind.
increased risk and frequency of flooding of areas currently undefended.

There are means for mitigating against this loss of habitat, reducing the increased
pressure placed in coastal defences by rising sea levels and preventing the increased
risk of flooding around the harbour, which include (i) managed realignment and;
(ii) the building of new defences where land is currently unprotected. Managed
realignment would mean allowing approximately 150ha of land, an area that is
almost equal to the predicted loss brought about by an increase in tidal prism, to
be permanently flooded via the breaching of defence. In principal, this method of
management effectively provides the increased accommodation space for the
predicted increase in water volume and sediment accretion brought about by an
increase in tidal prism. The Moors, an extensive area of agricultural land, and
Keysworth Point, are both areas within the harbour which could accommodate a
potential site for 150ha of managed realignment.

8.3

Recommendations for Future Work
The following future areas of investigation are recommended:
(i)

(ii)

(iii)

More detailed modelling that extends across the harbour that is of
higher resolution to consider the potential impacts brought about
by management options, such as managed realignment.
Intra-estuary (including channels and upstream) water quality
sampling, which measures salinity, suspended sediment
concentration etc. This could give an indication of the mixing
potential of fresh and saline water and the subsequent effect on
sediment transport.
Based on a scenario of no change in the tidal prism and vertical
accretion across the estuary, it is estimated that over the next 50
years, 8,000,000m3 or 160,000m3/year of sediment would be
required to keep pace with the current rate of deposition.
However it is predicted that the tidal prism is set to increase, and
therefore, this estimation would also be higher in order for
sedimentation to keep pace with sea level rise. The qualitative
sediment budget (Section 7), suggests that within the harbour
entrance the potential for sediment movement upstream into the
harbour is of the order 60,000 – 600,000m3/year, excluding
inputs from cliff, saltmarsh, beach and channel erosion and river
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(iv)

flow. This shows there is large uncertainty as to the availability of
sediment supply and general quantities, and thus provides an area
on which more detailed investigations could be carried out.
Additional sediment sampling could be undertaken across the
harbour to give a greater indication of sediment particles
distribution.
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Appendix A
Photographs Of Sediment Sample
Locations – Rockley Point To Hamworthy
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Sediment Sample Location1 (looking west)

Sediment Sample Location 1 (looking west)
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Sediment Sample Location 2 (looking east)

Sediment Sample Location 2 (looking east)
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Sediment Sample Location 3 (looking west)

Sediment Sample Location 3 (looking east)
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Sediment Sample Location 4 (looking east)

Sediment Sample Location 4 (looking west)
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Sediment Sample Location 5 (looking east)

Sediment Sample Location 5 (looking west)
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Sediment Sample Locations 6 and 7 (looking east)

Sediment Sample Locations 6 and 7 (looking west)
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Sediment Sample Locations 8 (looking east)

Sediment Sample Locations 8 (looking west)
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Sediment Sample Locations 9 (looking west)

Sediment Sample Locations 10 (looking west)

85

Sediment Sample Locations 11 (looking west)
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Figure 5.1 Spring tide flood and ebb currents (HR Wallingford (2003))
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Figure 5.2 Neap tide flood and ebb currents (HR Wallingford (2003))
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Figure 5.3 Net sediment flux over a spring/neap period, Poole Harbour (HR Wallingford (2003))
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A sediment store refers to material which is only temporarily lost from the system and can be
returned, adding to the sediment budget. The timescale over which this takes place can vary
depending on the type of store. For example beaches act as stores in the short term, with
material being released after tens of years, whereas materials can be stored in saltmarshes for
a longer period of time, such as hundreds of years.
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