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LOIS
LAND OCEAN INTERACTION STUDY

LOIS was a major research programme undertaken by the Natural Environmental Research 
Council. It looked at the fluxes of water, solutes and sediments from the land through rivers and 
estuaries to the sea. Much of the work focused on the Humber catchment and the aim o f the 
seminar was to consider the practical applications from LOIS for the Environment A gency’s 
management of the system.
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Introduction to the NERC Land-Ocean Interaction Study (LOIS)

Graham Leeks, NERC LOIS Science Co-ordinator 
CEH Wallingford

Introduction
Most people (~60%) on the globe live in the coastal zone. Industry agriculture and domestic 
activities result in the supply of pollutants to the coast through rivers and estuaries. The Natural 
Environment Research Council's Land-Ocean Interaction Study was the first major programme 
dedicated to improving interdisciplinary understanding of the coastal zone as a whole, including 
integrated research on river basins, estuaries, sea and shelf edge.

The main driver was the need to couple environmental research across environmental boundary 
zones -  to quantify the fluxes and transformations of materials, such as sediments, nutrients and 
contaminants, through the groundwater, river, estuary, plume, seas to the shelf edge. In the past, 
efforts to quantify river-estuary-coastal coupling have often been confounded by the fragmentary 
way in which data have been collected, such that an integrated understanding from catchment to the 
sea was not possible.

To address such problems, LOIS researched processes acting over considerable ranges of time and 
space: from geological processes that date back to the beginning of the Holocene 10,000 BP, to 
ephemeral chemical species whose life in the marine boundary layer is measured in seconds. LOIS 
observed and modelled the transport of materials from the river catchment to the edge of the 
continental shelf at one extreme, to microbial life on the surface of sediment particles at the other.

The LOIS Study Area covered the river basins from the Yare to the Tweed and associated estuaries 
have been linked with the shelf sea to the Hebridean Shelf edge. The Humber Estuary, its tributaries 
and the catchment upstream, and the plume and coastal waters influenced by it, were the major 
focus. Additional effort .was also directed at the Tweed, partly for comparative purposes as a 
relatively unperturbed system.

Objectives o f LOIS
• To estimate the contemporary fluxes o f momentum and materials (sediments, nutrients, 

contaminants) into and out o f  the coastal zone, including transfers via rivers, coasts, 
groundwater, the atmosphere and the sh e lf ocean boundary.

• To characterise the key physical and biogeochemical processes that govern coastal 
morphodynamics and the functioning o f coastal ecosystems, with particular reference to the 
effects o f variations in sediment supply and inputs ofpollutants.

• To describe the evolution o f coastal systems from Holocene to Recent in  response to changes 
in climatic conditions, changes in relative sea-level and the impact of hitman activities.

• To develop coupled land-ocean models to simulate the transport, transformation and fate o f  
materials in the coastal zone, and provide the basis fo r  predicting hydrological, 
geomorphological and ecological scenarios for the next SO - 100 years.

NERC has supported over 75 multi-disciplinary LOIS science projects. It began in 1992 and will 
end in 2001.



International and national links
Concern and interest in the coastal zone worldwide has grown considerably during the life of LOIS 
and this is reflected in the number of major research programmes now focussed on the coastal 
systems in Europe (ELOISE) and globally through the International Geosphere and Biosphere 
Programme (LOICZ). The LOIS community greatly appreciated the vast amounts of collaboration 
and support from many bodies including the Environment Agency, Department of the Environment, 
Transport and the Regions, Ministry of Agriculture, Fisheries and Food, Associated British Ports, 
Yorkshire Water and the Scottish Protection Agency.

Components of LOIS
LOIS was composed of a number of highly integrated elements covering the range of relevant sub- 
environmenls within coastal systems:
River Basin Studies - The river programme covered 59,000 sq. km. and provided observational data 
and model outputs on sediment and solutional constituents of the physical, biological and chemical 
fluxes, and relevant process research in the Humber and Tweed catchments.
Coastal Atmosphere — This has included research on the study of the sources of atmospheric 
deposition and the chemical transformations which influence airborne pollutants in the coastal zone. 
The major reactions and the variations between night and daytime chemistry in the marine boundary 
layer have also been highlighted.
Geological Research — The long term perspective of coastline development has been revealed by 
detailed and extensive coring of the East coast of the UK. This has been combined with innovative 
sediment dating techniques to provide new information and understanding on the changes in the 
coastline over the last 10,000 years, relevant to increased risk of flooding.
Shelf Edge Research — This area is a vital link between shelf and deep ocean systems. Observations 
from research vessels, sea drifters and moorings have provided new research findings on the 
hydrographic and biological processes at the shelf edge.
Estuarine and Coastal Sea research — Sampling of water quality from boats and continuous 
monitoring at moorings has been combined with advanced remote sensing using the CASI system 
(Compact Airborne Spectrographic Imager) to provide time series and spatial data from tidal reaches 
of the Humber and Tweed estuaries and shelf sea areas. The links between sediment erosion, 
accretion and biota were also studied on intertidal and salt marsh areas. Major estuarine and coastal 
water quality and ecosystem modelling has also taken place.

Coupled Land-Ocean Models
The final two years of LOIS were concentrated upon the need to couple its models to simulate the 
transport, transportation and fate of materials in the coastal zone and to simulate different 
environmental scenarios for the next 50 - 100 years and simulate longer term geological evolution 
of the coastal zone. The intention is to link the main LOIS models from rivers, estuaries, intertidal, 
plume, shelf sea and shelf edge for selected determinands. These including temperature, salinity, 
SPM , Nitrate, Zinc, lindane and atrazine under a range of land use and climate scenarios.

Data and other LOIS Products
A major effort in LOIS has been dedicated to provision of highly structured integrated databases 
which contain data and model outputs from the programme, compatable with a large range of 
external temporal and spatial data used in LOIS science. Most of the LOIS data is being published 
in a sequence of CDs through 1999-2001 (by NERC datacentres and Geokronos). The aims are to 
make the data available to the research and end-user community, demonstrate progress on the 
integrated database and to ensure the security of the data derived a wide range of disciplines, 
different environmental media and geographical regions. There are also a large number of papers 
on LOIS science (over 600) and special volumes of international science journals dedicated to LOIS 
findings, including three volumes (soon to be four!) of Science of the Total Environment, 
Hydrological Processes, Marine Pollution Bulletin, Quarterly Journal of the Geological Society and 
a forthcoming volume published by the International Water Association. A short summary book 
giving routes/access to the LOIS products is also planned.



EVOLUTION OF THE HUMBER ESTUARY SYSTEM

Peter Balson
British Geological Survey, Keyworth, Nottinghamshire

One component of the LOIS Programme was the Land-Ocean Evolution Perspective (LOEPS). 
This study aimed to increase our understanding of the evolution of our environment since the 
melting of the last ice'sheets over 10,000 years ago when much of the North Sea was dry land. As 
the earth became warmer, the Arctic and Antarctic ice sheets contracted, causing sea level to rise.

With the flooding of the North Sea, there was erosion, transportation and re-deposition of vast 
amounts of sediment. Much of this sediment was conveyed by waves and tides into estuaries, such 
as the Humber, where it met sediments carried down by rivers. This mixture o f  sediment now in 
many places forms valuable agricultural land.

The research in LOEPS shows that the British coastline is constantly changing. Further physical 
change will occur as a result of sea-level rise. LOEPS looked at the coastline from 
Berwick-upon-Tweed to Great Yarmouth with much work focussing on the Humber.

The Holocene period commences with the melting of the last glaciation. The pre-Holocene basin 
initially comprised an ice melt/fluvial channel from the North Sea to the Chalk at Hull, where a rock 
sill in held back much of the fresh water in the Humber Lake. As sea level rose, so the sea began to 
occupy the river channel and the estuary started to migrate landwards. During this phase, the 
channel is likely to have been wide and shallow, allowing sediments to deposit at the margins, so 
beginning to infill the pre-Holocene basin. The channel is likely to have followed a fairly stable 
alignment and given the rate of infilling, was almost certainly flood dominant, importing marine 
sediments as well as receiving fluvial run-off sediments.

The process of sediment deposition takes up space within the basin, referred to as accommodation 
space. Changes in this space are instructive in helping to understand how the estuary has evolved. 
Initially, there was rapid uptake of sediment. River flows progressively scoured the sill and at the 
same time, sea levels were rising. In the end, the overflow of freshwater at the Hull sill (a sort o f 
waterfall) became a tidal channel, with fully marine conditions being established in  the inner part o f 
the basin by about 6000 years BP (before present).

Based on evidence from other estuaries, the reduced rate of sea level rise at about this time enabled 
the system to adjust to something close to a steady state (ie. to catch-up with itself). One might 
therefore have expected a slow down and switch to ebb dominant conditions some time after about 
6000 years BP. This does not appear to have happened, possibly because the break through to the 
inner basin at roughly the same time would have created an additional demand for sediment, 
possibly indicated by the flattening of accommodation space curve over the period from 6000-4000 
years BP.

Such a change does however, appear to have happened after about 4000 years BP, as 
accommodation space reduces. Over the interval when sea level was -8  to -  4m ODN, the sides o f 
the Holocene basin became steeper, particularly in the reach from Pauli to Ferriby. This would 
have constrained the channel, possibly keeping more material in suspension and increasing the 
potential for channel migration.



This is reflected in:-

(i) the sediments o f the Saltend suite, which comprise of laminated muds and fine 
grained sands, characteristic of sand and mudflats;

(ii) the erosional contact with the Garthorpe suite, which suggests channel migration 
away from the present day alignment.

As accommodation space increases (from about 1600 years BP, or 400 AD) due to high level 
widening o f the Holocene basin (from about —4m ODN), so the channel stabilised and the saltmarsh 
habitat was re-established. Some time, possibly in the interval 800 to 200 years ago, the channel 
migrated again and the most recent suite of sediments (Sunk Island suite) is once again dominated 
by characteristic of sand and mudflats.

The accommodation space has been calculated for this study by (a) lowering a horizontal surface 
based on the relative sea level curve and (b) lowering the existing channel bathymetry in the same 
way. This approach has been adopted because one of the outstanding difficulties is to define the 
size and position o f the channel through the Holocene. The sediments reveal that the channel has 
moved about and in part define a boundary to that movement (based on the erosional contact 
between suites of sediment). Defining the changes in volume of the channel is going to require 
more detailed modelling of the palaeo-tidal changes in the estuary.

One other important contribution from the Holocene studies is the improved definition of the 
thickness o f the Holocene sediments, which have now been mapped for the entire Humber basin 
and out along the palaeo-channel to New Sand Hole. This work shows where sediments are thin or 
non-existent, so that erosion is likely to be constrained by the underlying Pleistocene deposits o f 
glacial till material and where there is a substantial thickness of Holocene sediment, presenting the 
possibility for future channel migration.

Overall, the estuary has undergone landward transgression under influence of a, largely, steady 
increase in sea level. Within this period, there will have been oscillations and stands in the rate o f 
sea level rise and the importance of these within human time scales should not be underestimated. 
Indeed, the forecast increase in rate as a consequence of global warming could be just such a 
fluctuation. Such an increase might be expected to increase the take-up of accommodation space, 
providing an environment for a stable channel alignment and saltmarsh development. The presence 
o f sea walls will, however, limit the available accommodation space, so that the system may retain 
its present form o f incised migrating channels with extensive sand and mudflats. In the longer term 
(centuries), one might expect the estuary to encroach into some of the accommodation space 
currently behind the sea walls.

This summary is based in part on ‘Humber Estuary Gemorphological Studies, Phase 2,
* Environment Agency, 2000’



Colin Neal
Centre for Ecology and Hydrology (Wallingford), Crowmarsh Gifford, Wallingford, 
OXN, OXIO8BB

An overview of riverine inputs of contaminants to the Humber is presented within the 
context of UK and European discharges to. the North Sea based on findings within the 
Land Ocean Interaction Study (LOIS) and follow up work. The study shows that there are 
varieties of nutrient, trace metal and micro-organic pollutants that enter the Humber from 
riverine sources. While pollutant sources of lead and zinc come from historic mining 
activity to the north of the area, most pollutants are derived from urban and industrial 
inputs which are particularly prevalent in the central and southern areas o f  the Humber 
Basin. The Humber basin represents a major input of both riverine flow and contaminants 
to the North Sea, on a proportional basin, but comparisons with European discharges 
indicate that in most cases the Humber inputs of pollutants are much smaller. New 
information on chemical dynamics within the freshwater tidally influenced parts of the 
Humber Rivers are described in relation to contaminant transfers. Within this zone, 
turbidity maxima ensure high concentrations of suspended sediments and pollutants 
associated with particulate materials. In this zone, micro-particulate transfer o f pollutants 
might well occur, but this appears in terms of a “dissolved” component as such materials 
pass through filters used to separate dissolved from particulate phases. Emphasis is 
placed on the tidally influenced river in relation to estimates of European discharges to 
the North Sea, as other participating countries do not monitor inputs from the 
unidirectional-flow parts of the river that the UK does. This aspect is of particular- 
importance within European legislation for controlling pollutant discharges to the North 
Sea as there is no “common playing field” and there are major uncertainties that one is 
“comparing like with like”. Consequently, there is a major need for a more process based 
modelling approach to estimating flux transfers from the riverine to the marine 
environment’ With regards to estimating contaminant discharges from the Humber rivers, 
reference is given to current modelling activities particularly regards to GIS approaches 
based on typology techniques. This is important in that contaminant inputs have changed 
considerably over time and that they will continue to change in response to changing 
discharge consents and evolving industrial, urban and agricultural bases. The presentation 
is concluded with a discussion of the overall achievements within the LOIS Rivers 
component in relation to the Humber and to ongoing research needs. The conclusion 
stresses the need for an integrated approach to determining chemical flux transfers from 
the riverine to the sea within the context of environmental management at the national 
and international level. The Humber provides the best area for a UK assessment based 
both on the level of environmental research undertaken to the present time and the fact 
that it is the major UK estuary to the North Sea.

Inputs of contaminants to the Humber



Contaminants in the Humber and related studies

Alan Tappin 
NERC, Plymouth

LOIS SPECIAL TOPIC 125: THE PROPAGATION OF CHANGING RIVERINE SIG N A LS  
IN ESTUARIES AND COASTAL REGIONS OF FRESHWATER INFLUENCE

Non-Technical Report
J D Burton (PI) and A D Tappin, Dept, of Oceanography, University of Southampton, Southampton, SOM 
3ZH. C Neal (PI) and H P Jarvie, Institute of Hydrology, Wallingford, 0X10 8BB. A W M orris (PI) (to June 
1997) and R J  Uncles (PI) (from July 1997), Plymouth Marine Laboratory, Plymouth, PL1 3DH. E Tipping 
(PI), Institute of Freshwater Ecology, Ambleside, LA22 OLP.

This project focused on the question of the way in which the chemical composition o f river water and 
its variability affects what happens to individual chemical constituents when they enter estuaries. This area of 
research is important for our understanding of how the transport of riverbome material from continents to 
adjacent seas may be modified by estuarine processes, and for the evaluation and prediction of the impact of 
riverbome pollutants on water quality in estuaries and coastal seas.

Chemical constituents entering estuaries in river water occur physically in dissolved and particle- 
associated forms. This distinction is important because as long as a constituent remains dissolved its 
concentration changes only through the extent of admixing with sea water, and the quantity entering the estuary 
in a given time is balanced by an equal rate of transport to the adjoining sea. Particles, however, can settle out 
from the water and many estuaries are efficient traps for particles. Exchanges between the dissolved and 
particulate components can occur along the salt gradient in the estuary, in response to changes in overall 
composition These solution/particle interactions can then lead to net removal from or addition to the dissolved 
component, with resultant changes in the rate of export from the estuary relative to the rate of input from rivers.

The variability of river water composition is highly significant in this context, because it leads to 
variations in the conditions under which the solution/particle interactions occur, especially in the early stages 
of mixing with sea water, when the river signal is still strong Thei LOlS project afforded an outstanding 
opportunity to undertake simultaneous investigations of riverwater variability and estuarine processes in an 
integrated study of a range of constituents, including trace metals, some of importance as pollutants, with 
contrasting tendencies to exchange between solution and particles. The work centred on the lower Tweed, a 
pristine and relatively simple river which shows marked changes in water flow and pH during the year. 
Additional studies were also undertaken on the River Trent and its estuary, a highly turbid system, in contrast 
to the Tweed, and one which also receives much greater inputs of industrial and urban wastes.

The results have provided information in a number of areas. (1) The arbitrary nature of the definition 
of dissolved metals in river water, by the filtration methods used generally in both research and statutory 
monitoring work, has been examined in detail for ~20 metals. The presence of colloids (the smallest size 
particles which do not undergo settling) in material passing the filter and hence classed as dissolved was found 
to vary considerably with filtration methods and water composition. In the Trent we showed that trapping of 
colloid-associated metals by the sediment layer built up on the filter during filtration can significantly reduce 
the apparent levels of dissolved metals, sometimes by orders of magnitude, relative to other methods of 
filtration we employed to minimise this trapping (methods which are not routinely used elsewhere). A 
consequence of these findings is that our current understanding of the fate of dissolved metals within the Trent 
is called into question, and by extension so too is our understanding of trace metals in other turbid river-estuary 
environments, of which there are many, around the world. In contrast, in the Tweed where particle 
concentrations are much lower, differences in filtration methods had much smaller effects. (2) The seasonal 
changes in river flow and alkalinity in the Tweed were accompanied by extensive changes in the concentrations 
of dissolved iron, aluminium, lead and nickel in the river water entering the estuaiy. For iron and aluminium, 
the variations can explained by changcs in the proportions of river water originating from subsurface rocks and 
surface runoff (3) Within the very low salinity region of the Tweed estuary, variations in concentrations of 
dissolved iron, aluminium and lead were observed; these appeared to be related to variations in river water 
composition, and suggest that significant solution/particle interactions were occurring over relatively short time 
scales. Within the estuary itself, particle-water reactions, some attributable to changes in water chemistry, 
continued to be observed for lead, and also for cadmium, nickel and manganese. For dissolved cadmium, and 
perhaps manganese, exchange between the water column and the estuary floor also appeared to occur.

The findings from these studies are being used in computer models to help provide a better 
understanding of the reactions of the chemical constituents within these estuaries, and also to provide improved 
estimates of the transport of pollutants and other materials to the adjacent coastal seas. These data will, in 
principle, be of use to statutory monitoring agencies and others with an interest in the water quality of estuaries 
and coastal seas.



E S T U A R IN E  T R A N S F O R M A T IO N S  O F  LA N D  S E A  F L U X E S  
L O IS  IN T E G R A T E D  M O D E L L IN G  P H A S E  1 Ju ly  1998 -  30 Septem ber 2000

N o n -te ch n ica l Report 
A  D Ta p p in , J  R  W  Harris and R  J  Uncles, NERC Plymouth Marine Laboratory, 

Prospect Place, Plymouth, PL1 3DH, UK.

Th is  project focused on the question of what happens to chemical constituents when they 
enter estuaries from rivers and waste waters. This area of research is important for our 
understanding of how the transport of materials from continents to adjacent seas may be 
modified by complex estuarine processes, and how this affects the water quality in the estuary 
and in the adjacent coastal sea. Th is information also contributes to our ability to predict the 
effects of our actions, such as changes in land use or wastewater treatment, as they extend 
from the terrestrial environment to the open sea.

It is generally difficult to quantify the  net effect of estuarine processes (transport, mixing, 
particle settling and resuspension, particle-water exchanges etc), and the resulting exchange of 
materials with the adjacent coastal sea, on the basis of measurements alone, particularly in 
estuaries with multiple inputs from individual rivers and waste discharges. Recent advances in 
com puter power now allow mathematical descriptions, or models, of such systems to be put 
together in order to simulate them in a meaningful way. It is important that the major features of 
the system are adequately described by the model, and that there are sufficient environmental 
data to make the model relevant to that system.

Th e  L O IS  project afforded an outstanding opportunity to construct such a model of the 
H um ber Estuary, based on three continuous years of data from the estuary and extensive 
m easurem ents on the inflowing rivers. Simultaneous development of a model for the Humber 
catchment and its rivers allowed a linking of the two models during the course of the project, to 
give a  complete model representation from  the river catchment to the mouth of the estuary. Th e  
immediate significance of this work lies in the fact that the Humber catchment drains 20%  of the 
land area of England, the Hum ber Estuary carries the highest freshwater flow into the North Sea 
from the U K  east coast, and the whole a re a  has been subject to extensive human impacts.

Th e  results have provided information in a number of areas. (1) The  transport of nitrogen 
(nitrate, nitrite, ammonium, particulate organic nitrogen) through the estuary is dominated by 
nitrate, most of which is riverine in origin, and the overall flux to the North Sea is 40,000-50,000 
tonnes per annum (1994-95). (2) Inputs of ammonium to the estuary are divided evenly 
between riverine and waste waters. How ever, little ammonium leaves the estuary; most of it 
appears to be oxidised by bacteria (nitrification) to nitrate. This is particularly the case during 
sum m er and autumn, when concentrations of suspended particles, to which the bacteria are 
attached, are extremely high (several tens of grammes of particles per litre of water). (3) Large 
reductions (5 0 % ) in the land applications o f artificial fertilisers give rise to only a minor decrease 
(1 0 -1 5 % ) in the flux of nitrogen to the North Sea, probably because this source is small relative 
to inputs from soil organic matter decomposition, organic manuring and waste effluents. Th is  
implies that other m easures will be required to significantly reduce nitrogen inputs to the North 
Sea. (4) Th e  extent of nitrogen fluxes to the North Sea appeared insensitive to altered climatic 
conditions expected for the m id-21st century, although any effects of sea level rise on estuarine 
shape and hence transport paths, were not taken into account. (5) The herbicide atrazine and 
the pesticide lindane pass through the estuary largely unaffected, except when concentrations 
of particles are very high, and then dissolved lindane appears to be taken up onto the particles, 
leading to increased retention within the estuary. This has not been seen before in the natural 
environment. (6) Th e  distributions and transport of suspended particles are very sensitive to 
water flows and particle loadings at the estuary head and mouth. This means that small 
changes in these features can lead to large changes in the eventual fluxes of material to the 
North Sea, particularly for constituents with significant particle associations or reactivities.

It is the intention that these models and data will be of use to researchers and regulatory 
agencies with an operational interest in the water quality of estuaries and coastal seas.



E S TU A R IN E  T R A N S F O R M A T IO N S  O F LA N D  S E A  F L U X E S

LO IS IN T E G R A T E D  M O D E L L IN G  P H A S E  1 J u ly  1998 -  30 S e p te m b e r 2000 

A  D Tappin , J  R W  Harris and R J  Uncles, N E R C  Plymouth Marine Laboratory, 

Prospect Place, Plymouth, PL1 3DH, UK.
1 Rationale and Objectives

Th e  LOIS programme was an interdiscliplinary study designed, inter alia, to im prove the 
understanding of the land to sea fluxes of materials, particularly in relation to  coastal zone 
management. The generation of an extensive environmental database within L O IS  has 
significantly benefited the development of a series of biogeochemical transport models within 
this LO IS  component (the Integrated Modelling Phase, IMP) for use in terrestrial and marine 
environments. A  key aim of the IMP was to link the suite of models so that the  present day 
fluxes of materials from the catchment to the ocean could be estimated. A  second goal w as to 
use the models to examine the effects on estimated fluxes, of selected scenarios of climate 
change and land use predicted for the next 50-100 years (Stebbing et a!., 1998). Th e  specific 
aim of this project was to develop dynamic models of the transport and transfers of suspended 
sediment, nitrogen (nitrate, nitrite, ammonium, particulate organic nitrogen) and dissolved and 
particulate zinc, lindane and atrazine within the Humber Estuary for the period 1994-96.

Th e  estuarine model was designed to simulate both the time-dependent axial concentrations 
of constituents and the fluxes of materials to the coastal North Sea. T h e  E C o S  simulation 
software was used to construct the model (Harris & Gorley; 1998a,b; Gorley & Harris, 1998).
2 M odel Description

Th e  tidal system simulated is the Humber, extending from the confluence of the O u se  and 
Trent estuaries at Trent Falls to Spurn Head on the North Sea coast; the O u s e  Estuary, 
extending from the tidal limit at Nabum Weir, and the Trent Estuary, extending from the tidal 
limit at Cromwell Lock. Each simulated branch is segmented into 500 m intervals and is 1-D, 
with variation along its longitudinal axis only. Th e  major tributaries (Aire, Derwent, Don, Hull, 
Wharfe) are represented as point inputs to these estuaries. The  model is tidally averaged to 
permit simulations of the seasonal and annual variations in the transport of constituents. W ater 
velocity is determined by cubature, and the mixing of solutes is a function of water velocity and 
axial dispersion. Additional factors influence particle transport. The  state variables, and their 
transfers, incorporated in the model are shown in Figure 1. Atrazine, lindane and zin c  are

cycled in a similar way to phosphate. In 
addition to the river and marine inputs, 25 point 
discharges of industrial and sew age effluent 
have been included, although the quality of this 
database is highly variable. Access to 
information from all 27 axial surveys of the 
Humber-Ouse (Uncles et a i,  1998a,b; 2000) 
permitted implementation of a  statistically 
rigorous, data-based calibration that is unusual 
in the context of complex dynam ic models of 
this kind. A  minimisation procedure 
(Marquardt, 1963) was used to fit the m odels 

.directly to the observations, assum ing that the 
initial components were independent of later 
components. All available data have been 

used for the calibrations. The  tidal Trent was not extensively sampled, and so this system uses 
parameter values that have been estimated for the Ouse and Humber.
3 Results from the model sim ulations

Illustrative results are reported for a number of model variables. In the figures, results from 
the calibration simulations (which were based on measured inputs) are shown by the  black lines

Oxwnfcj) jud

Figure 1. State variables, and their transfers, 
represented in the model.



whilst the observations are represented b y  the filled circles. Also included are typical results 
from the linked model simulations for 1995. Th e  red line represents output from the calibration 
run, except that the river loads were from a Humber catchment/river model (the baseline 
simulation), whilst the blue line reflects the baseline simulation inclusive of a reduction in 
artificial nitrogen fertiliser inputs of 5 0 %  to the catchment, and the green line represents results 
from the baseline simulation that incorporated climate driving variables perhaps appropriate for 
the m id-21st century (increased temperature, rainfall and evapotranspiration).
3.1 Salinity and suspended particulate matter (SPM)

T h e  simulated salinity profiles showed a  good
fit to the observed data for 1994-96, during 
which wide ranges in flow and tidal conditions 
were encountered. Typical examples, 
representing high and low river flow conditions, 
are shown in Figure 2(a). For S P M  there was a 
large scatter in the observed data, reflecting tidal 
deposition and resuspension, but the model did 
reproduce the large variations in turbidity 
between surveys, as well as the general position 
and size of the turbidity m axim um , as 
exemplified in Figure 2(b). How ever, the 
simulation generated higher' turbidities in the 
upper reaches of the O use than w ere observed, 
and, particularly during summer, set the SPM  
m axim um  more up-estuary in the O use (but not 
the Tren t) than the observations suggested. This 
aspect of the model requires clarification.
3.2 Nitrogen

Fluxes of dissolved inorganic nitrogen through the estuary are dominated by nitrate. 
Furthermore, nitrate can be considered as a conservative tracer of river waters of high 
concentration and seawater of low concentration because effluent inputs and non-conservative 
addition and removal are quantitatively insignificant. This factor largely accounted for the good 
fit between the simulated and observed values of nitrate+nitrite (Figure 3). Occasionally 
however, there were systematic discrepancies, particularly in the lower Ouse and upper 
Hum ber region, but these were largely explained by inaccuracies in the river inflow 
concentration data of the Aire, Don and Trent. Table 1 provides a summary of the export of 
nitrate and nitrite during 1994 and 1995. The values estimated from the calibrated run are in

good agreement with the value of 55,200 t a"1 
calculated by Sanders et a/. (1997) for combined 
nitrate, nitrite and ammonium in the early 1990s. 
Ammonium and particulate organic nitrogen have 
not been included in the Table because their 
export was trivial relative to nitrate+nitrite, and 
during 1995 the estuary appeared to be a minor 
sink for both constituents. For ammonium this can 
be explained by extensive nitrification within the 
estuary, consistent with the observations of 
Barnes & Owens (1998).

□rstence frcm Ouse tidd lirrit(km)

Figure 3. Observed and simulated nitrate+nitrite. 
See text for an explanation of the individual 
plots.
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Figure 2. Observed and simulated a) salinity and 
b) SPM. See text for an explanation of the 
individual plots.



3.3 Dissolved atrazine and lindane
Model calibration w as not as rigorous for 

atrazine and lindane (and also zinc) because of 
the restricted database on their concentrations, 
both measured in the estuary and in the river 
and effluent inputs. Nevertheless, there w ere 
reasonable fits between the observed and 
simulated values, as shown in Figure 4. 
Indeed, both constituents appear to be quasi- 
conservative. Discrepancies between the two 
datasets may be attributable to the sparse 
database available on the inputs. O n e  feature 
is noteworthy, however. Simulated values of 

lindane are markedly higher than the observed concentrations in the region of the turbidity 
maximum in the lower Ouse during the summer. Taking into account the uncertainties 
regarding inputs, the feature suggests that dissolved lindane may be extensively rem oved within 
zones of very high SPM. This apparent reactivity has 
not been reported previously and invites further 
investigation-
3.4 Coupled model simulations (present day)

Comparisons of results from the calibrated and
baseline runs showed that differences between the 
axial distributions were relatively small for most 
constituents, but were more marked for SPM  (Figures 
2, 3 and 4). Thus, during winter high flow periods, 
concentrations of SPM  simulated by the baseline 
simulation were systematically lower than those from 
the calibration run , whilst in summer the converse was 
the case, particularly in the region of maximum 
turbidity. Because of the scatter in the observed data 
for S P M  however, it is likely that the results from the 
baseline simulation He within the margin of error 
associated with the calibration run, and it is not possible to discern the more accurate model.

Th e  differences in the SPM  profiles arise because the flows of particles within the estuary 
are convergent, and concentrations are sensitive to both riverine and m arine boundary 
conditions. Numerical experiments showed that the minor differences in the measured and 
modelled river water, inflows, particularly during the spring and summer months,, and, the 
consequent differences in water velocities within the estuary, were producing the changes in 
particle transport that lead to these marked discrepancies. Th e  minor differences in S P M  
concentrations at the tidal limits also had some effect, although this was negligible during the 
sum m er when turbidities in the estuary were at their highest.1

It can be seen that although the differences in water flows within the estuary have little effect 
on the axial profiles of salinity and nitrate+nitrite (Figures 2(a) and 3), they do affect the actual 
fluxes of water and nutrients to the North Sea, as shown in Table 1, where the nitrogen export is 
2 0 -3 0 %  higher than the baseline simulation.
3.5 Coupled model simulations (scenarios)

Despite the change in the contemporary flux estimates generated by model linkage, 
simulations incorporating the effects of fertiliser reduction and climate change were m ade 1o

q) Dissolved strazine (27A/B5)

b) Dissolved lindane <27/4/95)
■C 50 
9
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Figure 4. Observed and simulated a) 
atrazine and b) lindane. See text for an 
explanation of the individual Dlots.
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Table 1. Estimated fluxes of nitrate and nitrite from 
the Humber Estuary to the North Sea (t a'1).

1 Comparison of the observed concentrations at Spurn Head with those simulated by the plume model 
(which are for 1995 only) showed poor agreement in a number of cases (cf. river model). For this reason, linking of 
the estuarine and plume models has not been extensively explored, and the results have not been reported here.



exam ine relative changes in fluxes. Th e  results showed that, for all constituents, differences in 
the axial concentration profiles from the baseline and scenario runs were relatively minor, 
although larger for the SP M  profiles resulting from the climate change scenario. Th e  
concentrations of constituents remained, however, within the scatter of the observed data, and 
thus within the uncertainties of the model a s  currently formulated. The estimated exports of 
nitrate and nitrite to the North Sea resulting from effects of climate change, given in Table 1, 
show ed only minor differences relative to the baseline estimates. There was a reduction in 
nitrogen export following reductions in fertiliser inputs, but the decrease was only 10 -  15%, 
suggesting that alternative remedial m easures are required if Humber nitrogen fluxes are to be 
significantly reduced. Dissolved atrazine w as an exception to the general outcome from the 
scenario runs, where apparently large increases in the inputs from the catchment due to climate 
change manifested themselves in significantly increased concentrations within the estuary. 
Clearly, the processes giving rise to this response warrant investigation.
4 Sum m ary and Achievements

T h e  project was carried out essentially as envisaged, and there was additional effort 
invested in the calibration fitting routine and the representation of dissolved oxygen dynamics in 
the model. Th us, models of the Hum ber estuarine system were constructed for the selected 
constituents. Th ese  models were linked off-line to a Humber catchment/rivers model, and a 
num ber of simulations undertaken, including those reflecting changes in fertiliser inputs and 
climate. Th e  resulting daily axial profile concentration data from four simulations over 1994-96 
(calibration, baseline, two scenarios) for the Ouse, Trent and Humber, plus documentation, 
w ere made available for inclusion on the L O IS  IMP CD  ROM. Because the models are P C - 
based, relatively easy to use, and with run times of less than 2 hours, they are, in principle, of 
great practical value to those with an interest in estuarine and coastal water quality.

Th e re  were good fits between the observed and simulated concentrations of inert or quasi- 
inert solutes (e.g. salinity, DIN). T h e  patterns in ammonium were also followed, and nitrification 
appeared significant. M ore frequent data on ammonium in waste waters would have further 
im proved this aspect of the model however, particularly as this loading was large relative to 
other inputs. A  similar conclusion can be drawn for zinc and the micro-organic contaminants. 
G ive n  the industrial and recreational importance of the Humber, the production of better 
datasets on waste inputs should be a priority. Significantly, the marked temporal and spatial 
variabilities in particulate constituents (S P M , POC/N) were also reproduced by the model for the
3 ye ar period, thereby providing an excellent basis for modelling of constituents with either 
marked particulate phases or extensive interactions with particles (e.g. zinc, dissolved oxygen, 
am m onium ).

Net fluxes of water to the North Sea w e re  highest during the winter, as were those of SPM . 
T h e  calibrated model gave estimates of the flux of nitrate+nitrite to the North Sea during 1994 
and 1995 of 43,200 -  52,720 t a-1, which accounted for practically all of the nitrogen exported. 
T h e  baseline run increased the estimated fluxes by 20 -  30%. This was largely because of 
small proportionate errors in the simulated river flows during periods of high flow. These errors 
had only a small effect on the distributions o f inert solutes in the estuary, but, as the variation in 
river flow tends to be proportional rather than additive, they had a marked effect on the additive 
fluxes. Th is  outcome em phasises the problem inherent in using essentially arithmetic measures 
(average fluxes) to characterise proportional variation in the instantaneous flow of material. T h e  
use o f modelled flows also altered the retention of particles by the modelled estuary, leading to 
marked differences in the concentrations of SPM, particularly during low flows. This difference 
w ould be sufficient to affect the distribution and flux of particulate constituents, and the extent of 
particle-associated reactions. Thus, the non-linear particle dynamics act to amplify 
uncertainties in flow whose effect on the distribution of inert solutes is negligible. These 
problem s can be ameliorated by improving the model accuracy, but they clearly illustrate the 
sensitivity of estimates of fluxes to the sea to small changes in estuarine dynamics.

T h e  work described here represents a significant advance in our ability to model estuarine 
constituent transport in general, and the Hum ber in particular. Imprecisions in the simulated



profiles and fluxes of the calibration and baseline runs suggest that further effort is required
before linked catchment/river and estuarine models can be used w ith greater confidence;
nevertheless, this work provides an important first step in this direction.
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Sediment Fluxes at the Mouth of the Humber

Jack Hardisty
Professor of Environmental Physics, The University of Hull 
Managing Director, NorthSea Software Systems Ltd

The Humber Flux Curtain Experiment was one of the LOIS projects with the objective o f 
monitoring and modelling sediment flux through the Lower Humber and delivering the results to 
the User Community. Field data collection including the development and installation o f  real-time 
instrument systems on buoys, floats and light jetties (Spurn Head, Hawke Float, B ull Float, Float 
2C and the Haile Sand Castle), bathymetric analysis, transects with EA Sea Vigil, the short term 
deployment of an instrumented sea bed tripod also from Sea Vigil and the installation o f 
instruments on the North Sea Ferry NorSea. The technical aspects of the systems have been 
published. .

This paper integrates the results from the North Sea experiments providing a regional context for 
estimates of sediment flux. Analysis of the bathymetric data demonstrates net annual accretion in 
the estuary equivalent to c.8,000 tonnes per tide. A more-or-less continuous eighteen month data 
set is analysed from the Flux Curtain and algorithms are established for the cross-sectional flow and 
suspended particulate matter (SPM) variation. Typical tidal fluxes are estimated at c. 100,000 
tonnes and the data shows that SPM at the estuary mouth normally reflects the downstream 
advection of the Humber’s sediment pool close to Low Water. The data are used to establish 
algorithms for SPM (and hence flux) as functions of seasonal variations due to freshwater forcing, 
intertidal variations due to tidal forcing and the intratidal variations due to sediment advection as 
described above. It is hypothesised that such seasonal, intratidal and intertidal variations generate 
little nett flux and that river input equates approximately with estuary output into the Humber 
Plume. Finally, data demonstrates that, during North Sea storm conditions the flood SPM  at Spurn 
Head can increase very significantly and it is further hypothesised that net estuary accretion is due 
to such episodic events. Estimates are provided for frequency magnitude of estuary inputs due to 
such storm induced sediment plugs.

The delivery of these results to the User Communities has employed the Internet and ftp 
technologies including for operational sediment flux systems linking nearshore Holdemess Coast 
and Spurn Head data to real-time meteorological and oceanographic observations.



Modelling Morphological Change and Metal Fluxes in Estuarine Waters

by

Roger A. Falconer and Binliang Lin

The presentation gave details of a research study to develop a 3-D morphological 
model to predict bed-level changes in estuarine waters and, in particular, to apply this model 
for calibration and verification to the Humber Estuary. In applying the model to the Humber 
Estuary the main objectives were to include heavy-metal fluxes in the model and predict bed- 
level changes over a 10-year period.

The numerical model simulations were undertaken using the Environmental Water 
Management Research Centre’s 3-D model TRIVAST. The model includes: a 
hydrodynamic module for predicting the 3-D current field, a sediment transport module for 
predicting the cohesive and non-cohesive sediment fluxes, a heavy metal module for 
predicting the bed and dissolved concentration distribution of toxic contaminants, and a 
morphological module for predicting the variation in the bed topography over a long time 
interval (e.g. a decade). In the heavy-metal module, the proportion of the contaminant in the 
dissolved vis-a-vis particulate phase was determined from a dynamic partitioning coefficient, 
which was dependent upon the local salinity.

In developing the morphological model, tests were first undertaken in a laboratory 
tidal basin to define the formulation for the initiation of sediment motion — initially a 
sedimentary bed of non-cohesive sediment was placed on the base of a square harbour, o f 
length 1.08m, and with a very narrow entrance. The model harbour was placed in a tidal 
basin and the tidal generator run for 24 tides, of model period 300s and range 90-110mm. 
The physical model showed extensive variations in the original flat-bed topography over the 
24-tidal simulation period and conventional sediment transport models failed to  predict any 
bed-level variations. However, the new initiation o f motion criteria developed b y  the authors 
showed close agreement with the measured bed topography.

The model was then applied to the Humber Estuary, about 3km seaward of Spurn 
Head to Trent Falls. The model was calibrated against measured data, provided through the 
LOIS programme, with close agreement being obtained between the measured and predicted 
results for water elevations, velocities, salinities and suspended sediment vertical 
concentration profiles. The model was then used to predict metal concentration distributions 
for Cadmium, Nickel and Zinc, and again good agreement was obtained between measured 
and predicted results.

Finally, the model was applied to predict morphological changes by first setting up 
the bed topography as measured in the mid-1980s. The model was run for 10 years and the 
new predicted bed topography compared with the surveyed bathymetry also recorded 10 
years later. Again the agreement between the measured and predicted bed-level changes was 
encouraging.

For further details contact: Professor Roger A. Falconer, Cardiff School of 
Engineering, Cardiff University, PO Box 925, Cardiff, CF24 0YF, UK. Telephone: 
+44(0)29 2087 4280. Fax: +44(0)29 2087 4597. Email: FalconerRA@Cardiff.ac.uk.

mailto:FalconerRA@Cardiff.ac.uk


M O D ELLIN G  M O R PH O LO GICAL 
C H A N G E  AND M E TA L FLU X E S  

IN E S TU A R IN E  W A TER S
by

R o ger A . Falconer
and

Binliang Lin
CardllT School or Engineering 
CardifT University, Wales, UK
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S TU D Y  O B JE C TIV E S
• Develop 3-D morphological model to predict 

bed level changes in estuarine waters

• Study m orphological processes in tidal basin

• Study criteria for initiation of motion with tides

• Verify m orphology model predictions against 
experimental data

• Set-up m orphology and heavy metal model for 
■ Humber Estuary and compare with field data
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M O R PH O LO G ICAL M ODEL
Consists of

H ydrod yn am ic Module 

+ '
Sedim ent Tra n sp o rt Module 

+
Bed Level Module 

+
Metal Flux Module
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H E A V Y  M E TA L FLU X ES
Distribution of contam inants between dissolved 
and adsorbed particulate phases defined by:

Kd = Partition coefficient

P = Contaminant concentration adsorbed on 
sediments

C «  Contaminant concentration in solution
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EXPERIM ENTAL SET-U P
• Tidal specification

-T id a l range = 90 - 1 1 0  mm
-  Tidal period =  300 s
-  Harbour mean depth = 105 - 1 3 5  mm

• Sediment specification.

-  Non-cohesive sediments

• Flat bed at start of experiments

• Bed level measured after 24 tides
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(a) Mid-Flood

Predicted Velocity Distribution for Different Tklal Phases
m

(b) High water

Predicted Velocity Distribution (or Different Tidal Phases

_________  m
Typical Bed Level Structure After 24 Tides

ta k to w



a alcrow

Bed Level Changes Along Harbour Entrance Centreline
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H U M BER  FEA TU R ES
• Humber Estuary Drains Largest Catchment In UK

• Large Estuary -  62 km from Spum Head to Trent Falls

• Location and Size of Estuary Is Significant; -
-  Shipping Links with Northern Europe

-  Environmental Management of North Sea

• Domestic and Industrial Effluent Inputs Along Estuary

■ Large Tidal Range with Extensive Flooding and Drying

■ Five Designated Sites of Special Scientific Interest

• Supports Naturally Rare Bird and Plant Populations
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Predicted Bed Topography After 10 Years
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Mesh Generator Interpolator Solver GUI Post-Processo

IMI
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• 3-D layer integrated m orphological predictions 

give good agreement with test case

• Physical model study of m orphological 
processes show s sediment transpo rt occu rs 

along centreline of model harbour entrance

• Existing criteria for initiation of m o tio n  unable 

to predict sediment transport for th is  case

i ale row

• Results of model and measurements using 

modified criteria show  good agreement

• Predicted heavy metal concentrations agree 

reasonably well with field data

• Morphology model gives good predictions of 

bed level changes in Humber over 10 years
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FURTHER D ETA ILS
Professor Roger A. Falconer 
Cardiff School of Engineering 

Cardiff University, P O  Box 686 
Cardiff, CF24 3TB, UK

Te l: +44 (0)29 2087 4280 
Fax: +44 (0)29 2087 4597 

Email: FalconerRA@cf.ac.uk 
W eb: www.cf.ac.uk/engin/water
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Copper pollution in the Humber: A methodolgy for the assessment of 
environmental benefits and costs of pollution abatement schemes

Nicola Beaumont
Plymouth Marie Laboratory, Prospect Place, The Hoe, Plymouth, PL4 3DH

To manage pollution in a cost effective manner it is essential that all sources o f the 
contaminant are identified and that all potential abatement techniques are assessed. The costs 
and benefits of various management options should be determined to ensure that the 
maximum environmental improvement is achieved with the available resources.

The aim of this study is to develop and apply a methodology to enable the identification o f 
pollution sources and potential abatement techniques. The results of the methodology will 
provide information on the costs and environmental benefits o f various abatement schemes, 
and will include practicable recommendations for the cost-effective management of the 
environment. The methodology will be fully transferable between different areas and 
pollutants, and will also be readily applicable with modest resources.

The methodology has four major steps. Firstly the user is guided in identifying and 
quantifying all sources of pollution. The second step involves the identification and analysis 
of all available abatement techniques, including their costs and waste reducing potential. By 
developing numerical models the environmental impact of applying the various abatement 
technologies is then assessed. The forth and final step involves integrating the data to link the 
economic costs of abatement directly to the resultant change in environmental conditions. 
This step may include a scenario driven analysis of various management options.

The methodology is applied to determine the most effective abatement scheme to reduce 
copper pollution in the Humber Estuary. The major sources of copper are identified and 
quantified, including local point sources, riverine, atmospheric and sediment sources. 
Potential abatement options are found to be mostly associated with the point sources. An 
abatement cost curve is produced using the abatement data, this greatly improves the 
transparency of the abatement options and highlights their potential implications.

A dynamic model of the Humber Estuary is developed to simulate the distribution, fluxes and 
basic speciation of copper. This is applied to predict the changes in copper concentration 
resulting from the application of various abatement techniques. A scenario driven analysis is 
then undertaken by integrating the cost data into the model, allowing the costs and 
environmental benefits of various management options to be determined.

Reducing the local point sources of copper in the Humber was found to incur high costs with 
only a very small change in the estuarine copper concentration. The sediment source has a 
greater impact on the estuarine copper concentration, but this source would be very difficult 
to abate, and may decrease over time by natural flushing processes. The riverine source of 
copper was found to be a significant cause of the elevated copper concentration. To reduce 
the copper concentration it is recommended that future management plans focus on reducing 
catchment wide sources of copper, and thus reduce the riverine copper load.

The current copper concentration in the estuary is found to be causing minimal environmental 
degradation, despite exceeding the Environmental Quality Standard. The attainment o f  the



Environmental Quality Standard for copper in the Humber estuary is therefore concluded to 
entail significant resources for minimal environmental benefit.

The successful development o f  this methodology provides a valuable management tool to 
balance economic investment against environmental impact, and to determine the most 
effective abatement schemes. The application of this methodology will ensure that resources 
are distributed in most effective way, and that maximum environmental gain is achieved for 
minimum cost.

This is the Executive Summary of a report to the Environment Agency by Dr Beaumont 
based on her PhD at the University of East Anglia and Plymouth Marine Laboratory.
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ENVIRONMENT AGENCY

OUR VISION FOR THE ENVIRONMENT AND A SUSTAINABLE 
FUTURE IS:

A healthy, rich and diverse environment in England and Wales, for present and future 
generations.

Our nine themes for the future are:
A better quality of life;
An enhanced environment for wildlife;
Cleaner air for everyone;
Improved and protected inland and coastal waters;
Restored, protected land with healthier soils;
A greener’ business world;
Wiser, sustainable use of natural resources;
Limiting and adapting to climate change; and 
Reducing flood risk.

We will do this:
By focussing on environmental outcomes;
By working in effective partnerships;
By being robust;
By being flexible, embracing change, learning and improving; and 
By exerting real influence.

We will do this both inside and outside the Environment Agency.

HUMBER VISION 

On a clear day you will see from the top of the Humber Bridge’s towers:

• An unpolluted estuary albeit one which is naturally muddy;
• A healthy fishery with a sustainable run of migratory fish to and from the inland 

catchments;
• Thriving wildlife with an expanded inter-tidal habitat;
• Flood defences that provide an assured level of protection while maintaining the estuary’s 

natural processes;
• Prosperous ports, industry and agriculture, which have minimised their environmental 

impacts and benefit from the diverse and healthy Humber, and the rivers and canals 
running to it;

• A landscape with outstanding archaeological and historic features that are enhanced by 
the Environment Agency’s activities;

• A tourist economy that benefits from the Humber but is sensitive to its wildlife and 
historic riches;

• A vibrant community that understands, cares for and enjoys the Humber.



ATTENDANCE

Environment Agency
Mike Best Anglian Region
Tony Edwards Humber Strategies
Chris Firth North East Region
Richard Freestone North East Region
Helgi Gudmundsson Anglian Region
Julia Jarvis North East Region
Peter Jones North West Region
Simon Keys North East Region
Alison Miles National Marine Service
Sarah Peaty North East Region
Linda Pope National Centre for Risk Assessment and Options appraisal
John Pygott North East Region
Keith Slaney National Capital Programme Management Service
Brian Waters Midlands Region
Steve Williams National Capital Programme Management Service
Philip Winn National Capital Programme Management Service

Guests
John Aldridge CEFAS, Lowestoft
Peter Balson British Geological Survey, Keyworth
Nicola Beaumont University o f Plymouth
Howard Bottrell GeoKronos Ltd, Plymouth
Tim Cashman NorthSea Software Systems, Hull
Nick Cutts Institute of Estuarine and Coastal Studies, Hull
Mike Elliott Institute of Estuarine and Coastal Studies, Hull
Roger Falconer University of Cardiff
Bemie Fleming English Nature, Wakefield
Patrick Ferguson East Riding of Yorkshire Council, Beverley
Emma Giles Humber Scheme of Management Project
Ian Hall Associated British Ports, Hull
Jack Hardisty University of Hull
Kate Jennings English Nature, Hull
Malcolm Joslin BP, Hull
David Keiller Binnie Black and Veatch
Laure Ledoux University of East Anglia, Norwich
Graham Leeks Centre for Ecology and Hydrology, Wallingford
Nicola Melville Royal Society for the Protection of Birds, York
Kevin Morris GeoKronos, Plymouth
Paul Murby Lincolnshire and Yorkshire Wildlife Trusts, Hull
Colin Neal Centre for Ecology and Hydrology, Wallingford
Paul Norton ABP Research and Consultancy, Southampton
Sue Reed Institute of Estuarine and Coastal Studies, Hull
Alex Smith Humber Estuary Partnership
Alan Tappin Plymouth Marine Laboratory
Ed Tipping Centre for Ecology and Hydrology, Windermere
Richard Young RYE Consultancy, Lingfield


