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Abstract

The effects of ditch water management regimes on water tables are examined for two test sites in England, Halvergate in the
Broads and Southlake Moor in the Somerset Levels and Moors Environmentally Sensitive Areas. It is observed that in some fields
the effects of water management are only poorly transferred from the ditch to the field centre, especially where the hydraulic con-
ductivity of the subsoil is small. Where there are large variations in the ditch water levels, reflecting the influence of major ditches
subject to pump drainage, field soil water regimes differ significantly. Nevertheless, the effects of even quite small changes in the
ditch regime can be noticeable. Simple modelling studies show that much greater effects can be achieved by increasing the fre-

quency of ditches within wetlands.

Introduction

Greater public awareness of the environment and in par-
ticular of the value of wetlands (Maltby, 1986) has resulted
in measures both to protect wetland ecosystems and to
restore existing wetland areas, together with the creation
of new wetland areas in suitable locations. A major com-
ponent of the prescriptions for achieving those ends has
been the control of the water levels in the ditches adjacent
to target wetland areas. However, it is by no means certain
that by simply holding ditch levels high, the target wet-
land benefits will be created. Restoring wetland habitats
requires appropriate management of hydrological condi-
tions and agricultural operations (Armstrong ez al., 1995).
Practical management therefore needs to be able to evalu-
ate the effects of ditch water management options.

This paper reports observations from long term man-
agement studies of the effect of managing ditch water
regimes in two areas within the Environmentally Sensitive
Areas (ESA) schemes (MAFF, 1989) in the UK. Parallel
work on the effect of the water management regimes on
the ecological status has been undertaken by Treweek ez al.
(1998). These study sites offer a long term record of wet-
land hydrology, suitable for modelling studies, and so the
paper also uses a simplified model of wetland hydrology to
examine the impacts of the various ditch water level
options on the hydrology of managed wetlands.

Site 1: Halvergate, The Broads ESA

The Broads ESA consists of a series of low-lying river val-
leys, marshes and fens, in Norfolk and North Suffolk in
Eastern England. The whole area of river valley, broad, fen
and marsh, forming an inter-connected wetland system, is
unique in Europe, and contains the largest area of lowland
grazing marsh in eastern England (MAFF, 1991a). The
Broads ESA was designated in March 1987 and, since
January 1988, farmers have been able to enter into agree-
ments with MAFF to maintain traditional grassland man-
agement (payment tier 1), and may also raise water levels
in ditches to a more ecologically sympathetic height in the
spring (tier 2). In 1992, a third tier (tier 3) was introduced
which required the participating farmers to flood land in
spring and hopefully further improve the ecological value
of the land

The Halvergate area in the centre of the Broads ESA
was chosen as the site for detailed monitoring studies. The
wide expanse of flood plain centred on Halvergate
marshes, which was traditionally summer grazing pasture,
forms an area of considerable ornithological interest. Since
1989, water levels in six fields, Fig.1, have been monitored
to identify the effectiveness of the management regimes
imposed in response to the ESA scheme. Four fields were
within one block of land that was subject to a water
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Fig. 1. Halvergate: location of the sites studies

management scheme for the retention of spring and sum-
mer water levels (ESA Tier 2). Within this sample, two
fields (Fields 1 and 2) were subject to the enhanced level
of management (ESA Tier 3) from January 1994. Two ref-
erence fields (Fields 5 and 6) outside this area, which had
the normal summer water levels (ESA Tier 1), were also
identified and monitored.

In these fields, water tables have been monitored by a
combination of open auger holes, ‘dipwells’ (Armstrong,
1983), and continuous recording water level meters
(Talman, 1980, 1983). The dipwells formed a transect
from ditch to ditch, and so recorded the shape of the water
table; they were read on average every 3 to 4 weeks.
Continuous records of the water levels were maintained in
the field centres and in the ditches.

Meteorological data were obtained for the synoptic sta-
tion at Hemsby, about 10 km to the North. Some local
rainfall information, gathered by RSPB staff at their
Berney Arms site on the SE edge of Halvergate, showed
that there was little systematic difference between the two
sets, and it was considered that the Hemsby data could be
used as a good estimate of the conditions at Halvergate.
Estimates of potential evapotranspiration for the site were
provided using these data and the MORECS system
(Thompson et al., 1981).

The soils of the area are alluvial clays of the Newchurch
series (Clayden & Hollis, 1984). These soils are very well
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structured in the topsoil, where they are rich in organic
matter, but rapidly become structureless with depth, and
at 2 m depth are ‘buttery’ and anaerobic. The hydraulic
conductivity of the soil reflects this structural develop-
ment, and varies between values in excess of 100 m/day
close to the surface, to values less than 0.1 m/day at
depths below 1 m.

Monitoring results:

Results from the long term monitoring locations in Fields
1 and 6 (Fig. 2) show the contrast between the water
regimes observed in raised ditch levels (ESA Tier 2) in
Field 1 and the unaltered ‘normal’ regime in Field 6.

In Field 1, in an area with normally high water levels,
the ditch water levels remain high, and the field water table
levels remain close to the surface for all except the driest
summer months. From 1989, these fields were subject to
an ESA Tier 2 agreement, in which the water levels in the
ditch were maintained within 0.5m of the ground surface.
In the summer of 1991, severe water shortage prevented
the maintenance of high water levels in the ditches, and the
field water table level fell accordingly. In each summer, the
water table level in the field centres falls below that of the
ditch, indicating that recharge of water from the ditch to
the field (sub-irrigation) was not sufficient to meet the
evaporative demand from the vegetation.
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Fig. 2. Halvergate monitoring sites: Rainfall and calculated soil moisture deficits (SMD); Observed ditch water levels (solid lines) and water
table levels (dotted lines) for Fields 1 (raised ditch water levels) and 6 (normal ditch water levels). Water levels are shown relative to mean

sea level (AOD, Above Ordnance Datum).

The water regimes in Field 6 are dramatically different.
This is an area in which the ditch water levels are main-
tained at a low level to facilitate agricultural production.
The ditch that controls the water level in this field is a
major channel and is controlled by the pump that drains
the whole of the area. The water level is generally between
1.2 m and 1.5 m AOD and falls even lower in the sum-
mer. However, the soil of this field has the same low con-
ductivity as field 1, and so the water table in the field can
rise in the middle of the field in response to the incident
rainfall. The result is that the water table in the field is
much less closely coupled to the ditch water regime than
that for Field 1. Although the winter period is dominated
by drainage, in the summer there is only limited recharge.
Because the land levels are higher than for Field 1, the
water table is further from the surface in the summer, and
the site is thus drier.

The shape of the water tables in early summer through-
out the area is illustrated by Fig. 3 for the same two fields
and for the other monitored fields. These demonstrate that
the water table in most fields is very nearly flat, and is close
to the ditch water level for all except Field 6 in which
there is the classic domed water table. All the fields exhibit
the ‘bowl shaped’ topography that is characteristic of graz-

ing marshes, produced by the repeated excavation and
clearance of ditches leading to the deposition of material
round the field margins. This variation in field level
imposes a variation in water table depth, so that the water
table is further from the surface at the margins, but close
to the surface near the field centre. This result demon-
strates the major importance of topography in defining the
water table conditions at any point. It also shows that, even
where the water table can be controlled accurately, there
will be variation in the hydrological regime within a field
due to the topographic variation. The corollary is that
within-field topographic variations lead to the develop-
ment of a mosaic of different wetness conditions, with the
attendant variation of vegetation.

Modelling the effects of
management options

Extension of the observations to examine the consequences
of differing management options has been undertaken by
the use of the DITCH model (Armstrong, 1993). This
model basic drainage theory examines the interaction
between ditch and field centre, by modelling the height of
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Fig. 3. Halvergate. Example water table and ground level profiles. May 1992.

the water table at the centre of the field. It simulates the
fluxes of water moving between the soil and the peripheral
ditches (both recharge and drainage), and so estimates the
position of the water table in the field. The model is gen-
erally similar though not identical to that described by
Youngs ez al. (1989).

For simple situations, water levels in a field can be cal-
culated from a consideration of the water balance:

M =M +(R-E-0Q)/ f W

in which the water elevation in the field on day t'is M;, R
is the rainfall, E, is evapotranspiration, Q is the discharge
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through the drainage systems and f is the relevant soil
porosity. For a soil drained by parallel ditches, the
drainage can be calculated from one of the well-known
drainage equations (e.g. Ritzema, 1994). Strictly, drainage
equations should be applied only to parallel ditches, and
for field situations, the three-dimensional analyses of
Childs & Youngs (1961) and Youngs (1992) should be
used. However, for long narrow fields, the error involved
in estimating the field centre is small, and the use of the
much simpler drainage equations is adopted as an efficient
simplification.

For the Broads area, the soils show a decrease in con-
ductivity with depth (Fig. 4). If the relationship between






