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About the UK 
Centre for Ecology 
& Hydrology

The UK Centre for Ecology & Hydrology (UKCEH) is an 
independent, not-for-profit research centre carrying out 
excellent environmental science with impact. We specialise in 
investigating, monitoring and modelling environmental change, 
and for the last 50 years our science has supported decision 
making across the UK water sector. 

About our water science
UKCEH is a world-leading centre for 
water science. We are home to over 500 
environmental scientists, based across our 
four sites in Bangor, Edinburgh, Lancaster 
and Wallingford. Our water resources and 
hydro-climate specialists work closely with 
scientists studying pollution, land use, 
soils and biodiversity to solve complex 
environmental problems in a holistic way.

We play a key role in meeting national 
strategic needs, for example we provide 
the industry standard method for 
assessing flood risk in the UK through 
the Flood Estimation Handbook. We 
collate the nation’s river flow data and 
analyse this to provide near real-time 
information on the state of UK water 
resources. Our land cover map is widely 
used for assessing past and present 
land cover across the UK. We carry out 

field monitoring and experimentation, 
laboratory analysis and predictive 
modelling to quantify the presence and 
impact of environmental contaminants. 

Our activities provide state-of-the-art 
environmental data and expertise that 
industries, government agencies and 
regulators require to manage the UK’s 
freshwater environment.

3Essential science for the water industrywater@ceh.ac.uk

mailto:water%40ceh.ac.uk?subject=


F L O O D I N G  O F  R I V E R  O U S E ,  Y O R K
Image captured by Michael Warwide/Shutterstock

4 water@ceh.ac.uk

mailto:water%40ceh.ac.uk?subject=


water@ceh.ac.uk

Predicting, 
preventing and 
managing floods

Flood risk to people, buildings and 
businesses is predicted to rise in coming 
years, with a significant impact on 
global health, safety and the economy. 
Accounting for changes in climate and 
land management practices, such as 
natural flood management interventions, 
is essential. 

Our hydrological experts develop state-
of-the-art flood forecasting models and 
methods for long-term flood prediction 
that are used by stakeholders across the 
UK and internationally to help predict, 
prevent and manage the impacts of floods.

Flood forecasting

Natural flood 
management

Flood estimation

Building resilience 
to climate change

Key capabilities
Our research for predicting, 
preventing and managing floods 
covers these key capabilities:
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UKCEH state-of-the-art hydrological 
models and tools are used for real-
time flood forecasting from hours to 
seasons ahead and at national and 
local scales. We work collaboratively 
with stakeholders to develop and 
support flood forecasting and 
warning systems, and innovate with 
them to create new services and 
solutions such as real-time flood risk 
and impact forecasts.

The Flood Forecasting Centre (England 
and Wales) and Scottish Flood 
Forecasting Service use our models to 
inform the Flood Guidance Statements 
they provide to the emergency 
response community. Our models 
also support the flood warnings sent 
to the public and businesses by the 
Environment Agency (EA), Natural 
Resources Wales (NRW) and Scottish 
Environment Protection Agency 
(SEPA).

CASE STUDY: Forecasting 
surface water flooding for the 
Commonwealth Games

UKCEH, in collaboration with the Met 
Office, the James Hutton Institute 
and SEPA, developed a real-time 
system for forecasting surface water 
flooding and its potential impact. The 
system was piloted by the Scottish 
Flood Forecasting Service during 
the 2014 Commonwealth Games in 
Glasgow, and found to be very useful 
in alerting the Games organisers 
and emergency responders to the 
localised flooding events that occurred 
during the Games. A similar approach, 
developed under the Natural Hazards 
Partnership initiative, is now in 
national operational use by the Flood 
Forecasting Centre.

PRODUCT: HYRAD (Hydrological 
Radar)

HYRAD is an advanced system for 
the receipt, processing, display and 
archiving of real-time radar rainfall 
and other observation and forecast 
products. Processing tools include 
merging of radar and rain gauge data, 
assessment of storm rarity (using 
the FEH13 method, as required 
by OFWAT), forecasting of rainfall, 
calculating catchment averages and 
statistical analysis of products.

 Water company use includes real-
time and post-event analysis of flood 
and pollution events, predicting 
bathing water quality, hydraulic model 
verification and managing maintenance 
operations.

Flood forecasting

UKCEH’s expertise in monitoring 
and modelling hydrological processes 
is being applied to Natural Flood 
Management to understand better 
the effectiveness of both existing 
and planned interventions in urban 
and rural areas. We explore natural 
approaches through our modelling, 
such as rewilding, planting woodlands, 
changing land use practices, adopting 
alternative tillage practices, using 
buffer zones, and building debris dams.

CASE STUDY: Natural Flood 
Management across the Upper 
Thames catchment

Our researchers are working with 
farmers, communities and local 
authorities across the Upper Thames 
area to learn how different land 
management approaches affect flood 

risk. The project is investigating the 
impact of making small changes over 
a large catchment area, rather than 
large changes in small areas where 
flooding occurs. As evidence about 
the effectiveness of Natural Flood 
Management accumulates, we can 
help water companies and public 
bodies to apply this knowledge to 
assess and optimise the potential 
impact of interventions.

Natural Flood Management
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Our flood estimation expertise, the 
result of many years of hydrological 
monitoring, modelling and analysis, 
has been a primary focus of UKCEH 
and its predecessor organisations 
for more than 40 years. Building on 
the ground-breaking Flood Studies 
Report (1975) and Flood Estimation 
Handbook (1999), our research 
improves the accuracy and reliability 
of flood frequency estimates in the UK 
primarily for the design and appraisal 
of flood management schemes and 
flood risk maps, but also for other 
catchment management activities. 
Our latest statistical rainfall model 
(FEH13) has been formally adopted 
by OFWAT as the standard method 

for assessing the severity of rainfall 
events. In addition, UKCEH works with 
partners to deliver the NRFA Peak 
Flow Data Service to support flood 
risk estimation.

PRODUCT: The Flood Estimation 
Handbook (FEH) Web Service

The FEH Web Service provides the 
catchment data and rainfall model 
outputs that are required to apply 
the industry-standard methods for 
assessing flood risk in the UK. The 
FEH provides guidance, data, standard 
procedures and software for rainfall 

and river flood frequency analysis, 
and now includes the estimation of 
development site runoff rates across 
the UK. FEH data and methods 
support:

• Flood risk assessment and 
mapping

• Design of flood risk management 
infrastructure

• Design of structures such as 
bridges, culverts and reservoir 
spillways

• Rarity assessment of notable 
rainfalls or floods

• Sustainable and traditional 
drainage system design.

Flood estimation

UKCEH science has underpinned 
policy relating to the impacts of 
climate change on flood risk since 
the mid-1990s. Our scientists 
have developed new methods for 
modelling the impact of climate 
change on peak river flows in eleven 
regions covering England, Wales and 
Scotland. We’ve modelled 50-year 
return period flood peaks for three 
time-slices (2020s, 2050s and 2080s). 

The approach we’ve used explores the 
sensitivity of a hydrological system to 
climatic changes by overlaying climate 
projections on response surfaces. This 
has the advantage of more readily 
being able to deal with large ensemble 
model outputs. Our modelling now 

enables us to estimate changes to 
peak river flows at any point on the 
river network over the next 50 years. 
This work has enabled the EA, SEPA 
and NRW all to produce updated 
guidance on flood management and 
flood assessment.

Building resilience to climate change

By 2050 
peak river flows 

in England might 
increase by 15-25%, 

depending on  
location
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Monitoring droughts 
and drought 
impacts

Building resilience 
to future droughts 
and water scarcity 

Predicting the 
hydro-chemical 
and ecological 
consequences of 
drought

Key capabilities
Our research for predicting, 
monitoring and managing 
droughts covers these key 
capabilities:

Predicting, 
monitoring 
and managing 
droughts

Droughts can be disruptive and dangerous 
for agriculture, water supplies, natural 
ecosystems, infrastructure, and public 
health. The UK has suffered a number of 
major drought impacts in recent years; for 
example, across all sectors the 2010-2012 
drought was estimated to cost £1.5 billion. 

Our scientists address many of the 
multi-faceted aspects of drought and 
embrace complexities in their monitoring 
and modelling, while making data and 
information easily accessible to the water 
industry and other audiences.
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The combination of climate change 
with growing population, land-use 
change and economic development 
will create greater pressure on water 
resources in future. At UKCEH, 
we integrate water resources 
monitoring, process understanding 
and modelling to help the water 
industry, government departments 
and public bodies assess and mitigate 
the impacts of future droughts. Our 
research identifies environmentally 
sustainable solutions that meet the 
increasing, and often competing, 
demands of users in different sectors, 
including public water supply, 
agriculture and food, commerce and 
industry, and energy. 

PRODUCT: Long-term datasets 
for drought and water resources 
planning

UKCEH played a leading role in 
the Drought and Water Scarcity 
Programme, delivering a wealth of 
new datasets that can be used to 
prepare drought plans and water 
resources management plans. UKCEH 
worked with water companies and 
regulators to deliver these datasets 
in a way that meets the needs of the 
sector, including a Drought Libraries 
web application that directly supports 

scenario-planning, and the Drought 
Data Hub that allows users to explore 
and download these key datasets in 
user-friendly formats. 

We continue to work with the water 
industry to explore how these outputs 
can be used alongside other products 
such as the UKCP18 projections and 
water companies’ own stochastic 
simulation approaches.

The datasets can be found at: 
aboutdrought.info/about-us/data-
and-information

Building resilience to future droughts and water scarcity

To manage drought risks effectively, 
it is important to understand the 
likely impacts, who will be at risk, and 
why. Our scientists have developed 
drought monitoring and early 
warning systems that can help water 
companies, regulators, policy makers 
and others to assess vulnerability 
to droughts before they occur. Our 
systems enable us to monitor and 
predict the severity and extent of 
hazards, as well as their likely effect 
on the economy and society, and 
they support stakeholders to design 
effective measures to reduce and 
prevent the worst impacts of drought. 

TOOL: The UK Drought Portal

We have developed the UK Drought 
Portal, an online tool that allows users 
to explore and monitor dry weather 
situations across the UK using near 
real-time data. The portal provides 
visual summaries of meteorological 
conditions through interactive maps 
and graphs, with data updated at the 
beginning of each month. 

The UK Drought Portal shows the 
relative magnitude of drought events 
for the whole of the UK at high 

resolution, using a 5km2 gridded 
rainfall product. These drought 
indicators can also be aggregated for 
individual river catchments. Users can 
apply the tool to calculate the rainfall 
deficit over different time periods, 
ranging from one to 24 months. 

The Drought Portal has been widely 
used by UK water managers, water 
companies and regulators to track the 
evolution and severity of droughts. 
It was used extensively to inform 
decision-making during the recent 
2018-2019 drought.

Visit aboutdrought.info for more 
information

Monitoring droughts and drought impacts
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The consequences of drought are far-
reaching, with implications for water 
quality and ecology in rivers, lakes and 
reservoirs. Low flow conditions might 
result in limits to effluent discharges 
as rivers lack the volume of water 
necessary to dilute, whilst drought 
conditions will reduce the volumes of 
water that can be abstracted before 
habitats are negatively affected.

We are developing new methods to 
model and characterise the behaviour 

of intermittent river reaches and 
ephemeral streams, so that the 
ecological effect of hydrological 
extremes, climate change, and local 
artificial influences such as abstraction 
and catchment management, can be 
appropriately assessed.

Our water quality modelling tools 
are used routinely to address water 
industry questions relating to river, 
lake and reservoir management under 
current and future climates, and have 

been run to assess the raw water 
quality deterioration within storage 
reservoirs during drought scenarios.

UKCEH is able to draw together the 
breadth of expertise required to assess 
these consequences in a joined-up 
fashion. We provided the major input 
to the Environment Agency’s 2013 
review of drought impacts, which 
included river, lake, wetland and pond 
habitats.

Predicting the hydro-chemical and ecological consequences of drought
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Monitoring and 
predicting water 
resources

UKCEH scientists develop water resource 
management methods and tools that 
government and industry can use to 
address increasing demands on our 
freshwater resources. Drawing on our long-
term data sets, and on experiments carried 
out at our specialist research facilities, we 
develop models and decision-support tools 
to underpin integrated water resource 
management at local, regional, national 
and global scales. 

Key capabilities
Our research for monitoring 
and predicting water resources 
covers these capabilities:

Monitoring water 
availability 

Predicting water 
availability
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We have significant expertise 
in hydrometry, including in the 
operation and review of gauging 
station networks, hydrometric 
monitoring technologies and data 
management. UKCEH hosts and 
manages the National River Flow 
Archive (nrfa.ceh.ac.uk), mandated 
by UK Government and the devolved 
governments of Northern Ireland, 
Scotland and Wales to maintain and 
provide information on approximately 
1,500 gauging stations nationally. We 
play an active role in the development 
of British and International Standards 
in hydrometry and are engaged in 
sharing best practice around the 
world.

UKCEH has established a long-term 
network of soil moisture monitoring 
stations for the United Kingdom, 
known as COSMOS-UK (cosmic-ray 
soil moisture observing system). The 

network provides real-time data on 
soil moisture and a range of other 
hydrometeorological variables, and we 
produce a monthly summary of UK 
soil moisture status that is available to 
download at: cosmos.ceh.ac.uk

TOOL: The UK Water Resources 
Portal 

In 2020, we launched the UK 
Water Resources Portal, a web-
based system for tracking the water 
resources situation in near-real-
time. Like the UK Drought Portal, 
the tool offers dynamic, interactive 
situation monitoring, mapping and 
plotting. However, it encompasses 
not only rainfall but also river flow, 
soil moisture and groundwater levels. 

River flow and soil moisture data are 
updated daily.

The portal provides access to: 
rainfall data from the Met Office, 
river flow data from the National 
River Flow Archive and Environment 
Agency, soil moisture data from 
UKCEH’s COSMOS-UK network and 
groundwater level data via the British 
Geological Survey. Users can explore 
these datasets via a map interface 
and plot graphs showing time series 
data for their selected locations. The 
Portal has been developed based 
on feedback from water industry 
professionals to tailor it to their needs, 
for example, comparing current 
conditions to past drought events.

Visit eip.ceh.ac.uk/hydrology/water-
resources/

Monitoring water availability
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We use a multi-model approach to 
forecast seasonal water availability. 
We combine process-based 
meteorological, hydrological and 
hydrogeological models, with analysis 
of historic periods that demonstrate 
good correspondence with current 
conditions. Together, these 
approaches enable us to understand 
the likely water availability 
trajectories from the present.

PRODUCT: Hydrological 
Summary and Hydrological 
Outlook UK 

The Hydrological Summary for the 
UK describes conditions during the 
preceding month. Focusing on rainfall, 
river flows, groundwater levels and 

reservoir stocks, it places the events of 
each month in a historical context.

Visit nrfa.ceh.ac.uk/nhmp

The Hydrological Outlook UK provides 
an insight into future hydrological 
conditions nationwide. Specifically, it 
describes likely trajectories for river 
flows and groundwater levels on a 
monthly basis, with a particular focus 
on the next three months.

Visit hydoutuk.net for more 
information

PRODUCT: Future Flows and 
Groundwater Levels Datasets

Our Future Flows and Groundwater 
Levels Datasets (FFGWL) provide a 

consistent assessment of the impact 
of climate change on river flows and 
groundwater levels across England, 
Wales and Scotland.

The FFGWL datasets have been used 
by a number of water companies in 
their water resources management 
plans, and also have a wider range of 
applications such as projecting future 
water quality and ecological status.

Four products are available from

ceh.ac.uk/services/future-flows-
maps-and-datasets :

• Future flows climate

• Future flows hydrology

• Catchment average climate daily 
time series

• National and regional changes in 
river flow and groundwater level 
statistics.

Predicting water availability
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Safeguarding 
water quality

Predicting, monitoring and 
modelling nutrients and algae

Monitoring and modelling emerging 
contaminants in freshwater

Monitoring and understanding 
microplastics in freshwater

Monitoring and understanding 
pathogens and organic pollutants in 
freshwater

Key capabilities
Our research for safeguarding water quality covers these key capabilities:

Industrialisation, population growth, climate change and land use 
change are increasing the burden of pollutants on freshwaters. 
These pollutants can affect freshwater ecosystems and present 
a danger to human health. UKCEH’s monitoring and modelling 
work underpins interventions to reduce the impact of pollutants 
on water quality. Our science in this area focuses on nutrients, 
algae, microplastics, pathogens, emerging contaminants and 
organic pollutants. 
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Eutrophication, the nutrient 
enrichment of freshwaters, resulting 
in excessive growth of algae, is a 
significant challenge to the water 
industry. Algal blooms can affect 
lakes, reservoirs and rivers resulting 
in ecosystem-wide impacts such 
as deoxygenation and fish kills, 
the production of toxins harmful 
to humans and animals and other 
problems associated with water 
treatment such as the production of 
compounds affecting taste and odour.

Our scientists have innovative tools for 
identifying nutrient pollution sources, 
and use monitoring and modelling 
techniques to study how freshwater 
bodies are impacted by nutrient 
enrichment in combination with other 
threats such as climate change.

Predicting, monitoring and modelling nutrients and algae

CASE STUDY: Bloomin’ Algae

UKCEH scientists, with the EA, SEPA, 
Public Health England and Health 
Protection Scotland, have developed 
the Bloomin’ Algae app. People can 
use the app to submit a photo of a 
suspected bloom; our scientists then 
gauge the risk to people and animals. 
Water managers can receive alerts of 
blooms and take prompt action. The 
app’s data help the water industry 
quantify the risks of algal blooms in 
reservoirs, in response to catchment 
management measures or climate 
change. ceh.ac.uk/algal-blooms/
bloomin-algae

TOOL: PROTECH model 

Our PROTECH model (Phytoplankton 
Responses to Environmental 
Change) simulates the dynamics of 
phytoplankton in lakes and reservoirs, 
specialising in predicting the daily 
growth of mixed phytoplankton 
communities, including filamentous 
algae and cyanobacteria (blue-green 
algae). PROTECH has been used to 
research climate change impacts 
(drought, temperature increases) and 
nutrient pollution for the EA and 
Natural England, and to assess the 
likely impact of sewage treatment 
works (STW) upgrades for the water 
industry. 
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Predicting, monitoring and modelling nutrients and algae (continued)

CASE STUDY: Microbiology 
monitoring on the Thames 

UKCEH have been using flow cytometry 
as a proxy measurement to quantify 
and characterise algal populations 
across the river catchment as a part 
of the Thames Initiative project. 
This analytical method produces cell 
counts for ten different classes of 
phytoplankton. A staining technique 
is used to enumerate and differentiate 
bacteria with high and low nucleic acid 
content. This generates a unique high 
resolution, multi-site overview of the 
populations of the major eukaryotic 
and prokaryotic plankton groups 
across this critically important river 
catchment. This rich dataset has 
advanced understanding of the causes 
of algal blooms in rivers, and is being 
incorporated into predictive models.

TOOL: QUESTOR 

QUESTOR (Quality Evaluation and 
Simulation Tool for River Systems) is 
an in-stream water quality model. It 
has been used extensively in Europe to 
investigate issues such as the impacts 
of climate change, sewage discharges, 
and land management. The model 
was developed to help catchment 
managers assess the impact of actions 
they might take, for example changing 
discharges consents, abstracting more 
water from a river, establishing river-
bank tree coverage or building a flood 
relief channel. The model produces a 
realistic representation of a number 
of important measures of river water 
quality while being practical to run 
using widely available datasets.

CASE STUDY:  Modelling 
nutrients and algae in Thames 
Water’s reservoirs 

UKCEH carried out work on future 
water quality for Thames Water, 
modelling nutrients and algae in their 
reservoirs and rivers under different 
drought scenarios. We used our 
long-term river flow and water quality 
records for the reservoirs’ supply rivers 
to estimate nutrient concentrations 
during major droughts of the past 
century, based on current-day 
wastewater treatment levels, using our 
Load Apportionment Model. We then 
applied our PROTECH model to predict 
impacts on the algal community in 
the reservoirs, to help determine how 
Thames Water would cope if different 
kinds of droughts were to occur in 
future.

Essential science for the water industry   19

mailto:water%40ceh.ac.uk?subject=


water@ceh.ac.uk

Microplastics are an issue of growing 
concern as they persist in the 
environment. The majority of studies 
to date have been carried out within 
oceans on marine organisms, but 
have not looked at microplastics 
in freshwater. At UKCEH, we are 
investigating the start of the chain, 
researching the sources, transport and 
effects of microplastics in freshwater 
systems. Our research shows that 
microplastics can have harmful 
effects on organisms, hindering their 
ability to feed, reproduce and defend 
themselves against predators, with 
effects likely to vary with different 
types and sizes of microplastics.

CASE STUDY: Sampling 
microplastics in water supplies 
for UKWIR 

UKCEH carried out a study of 
microplastics for UKWIR, the UK and 
Irish water industry’s research body, so 
that it could better understand where 
and in what quantities microplastic 
particles exist within wastewater 
treatment and water supply systems. 
Scientists carried out sampling at a 
total of 16 different water company 
premises – water treatment works 
and wastewater treatment works – 

across the country in order to assess 
how much microplastic material was 
removed by treatment plants.

They found that water treatment 
works removed 99.99% of 
microplastic particles detected prior to 
treatment, with microplastic particles 
being quantifiable in drinking water 
on three out of 39 occasions after the 
treatment process. They found that 
wastewater treatment plants similarly 
removed 99.9% of microplastic 
particles from wastewater before the 
treated wastewater was discharged 
into the rivers.

Monitoring and understanding microplastics in freshwater

99.9%
of microplastic 

particles removed  
after treatment

16
water company 
premises were  

sampled
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Monitoring and understanding pathogens and organic pollutants in 
freshwater

We work to improve understanding 
of the diversity, dynamics and 
activities of microorganisms in 
natural and polluted freshwaters. 
Our freshwater microbial ecology 
combines traditional approaches 
with modern methods such as 
DNA-based molecular detection and 
characterisation by qPCR and high 
throughput sequencing.  

Our expertise in freshwater microbial 
ecology encompasses: microbial 
activities and biogeochemical cycling 
in freshwaters and soil; understanding 
the impact of pollution sources on 
microbial processes; the potential 
for natural attenuation of polluted 
environments; the environmental 
diversity of bacterial pathogens 

and their potential for survival in 
freshwater. 

UKCEH are leading a project for 
UKWIR to investigate the behaviour 
of indicators of Antimicrobial 
Resistance (AMR) in STWs to 
better understand the potential 
role that different inputs and 
treatment configurations play in 
the dissemination of AMR to the 
environment.

Understanding the risk from 
chemicals is crucial to ensure their 
sustainable use while protecting 
people and the environment. Our 
research assists the identification of 
chemical hazards and develops risk 
assessments, to identify effective 
mitigation and restoration strategies. 

We have pioneered research into 
a wide range of chemicals and 
substances discharged in wastewater, 
including engineered nanoparticles, 
metals, persistent organic pollutants, 
pharmaceuticals, personal care 
products and antimicrobials. 

CASE STUDY: Modelling 
nanomaterials in Europe

Our scientists developed the Global 
Water Availability Assessment model 
to provide an integrated assessment 
of water sources and demands at 
national to continental scales. It is 
used to assess water quality and was 
recently used to predict nano-silver 
and nano-zinc oxide concentrations in 
surface waters across Europe, offering 
an insight into their likely spatial 
distributions and temporal dynamics. 
Visit ceh.ac.uk/gwava for more 
information.

TOOL: LF2000-WQX

LowFlows2000 Water Quality 
eXtension (LF2000-WQX) is a 
GIS–based water quality model 
we developed that has been used 
extensively within the UK to predict 
concentration distributions in surface 
waters of several widely used down-
the-drain chemicals. The model can 
readily be applied to the English and 
Welsh river network, with extension 
to other regions possible.

Monitoring and modelling emerging contaminants in freshwater

UKCEH scientists are 
leading development 

of a standardised 
UK-wide system for 

detecting coronavirus 
in wastewater
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Catchment 
management

Many water managers are facing the 
challenge of trying to manage catchments 
to meet a complex mix of competing 
demands. The diverse demands include 
meeting targets for improving water 
quality, food security, carbon capture for 
climate change mitigation, biodiversity, soil 
health, recreation and tourism. 

Our multi-disciplinary research covers 
a broad range of ecosystem services 
and how these can be optimised across 
catchments. We supply data, models and 
tools to inform decisions on catchment 
management and help water managers 
to identify the most effective solutions to 
these challenges.

Managing the risks 
associated with 
Dissolved Organic 
Matter

Lake restoration

Land cover mapping

Measuring and 
enhancing nature 
capital

Key capabilities
Our research for catchment 
management covers these 
capabilities:
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The UK derives a substantial 
proportion of its drinking water from 
upland catchments. Waters draining 
these areas are often coloured due 
to the presence of Dissolved Organic 
Matter (DOM), derived from the 
decomposition of plant material 
and soil organic matter. This causes 
problems for the water industry. Our 
scientists carry out local to national 
scale assessments of soil condition, 
and test out innovative management 
practices that can maintain and 
restore our soils and peats, thus 
helping protect water resources

CASE STUDY: Working with 
Scottish Water to deal with 
Dissolved Organic Matter 

A team of water and catchment 
scientists, led by UKCEH, have 
delivered the FREEDOM project, 
funded by NERC and Scottish Water. 
Over 2018, the team worked to 
establish the main drivers of changes 
in DOM in Scottish Water’s drinking 
water sources, and the physical and 
biological processes that affect DOM 
levels within reservoirs. 

The resulting knowledge fed into a tool 
to equip catchment managers, plant 
operators and strategic planners with 
a better understanding of where, and 
by how much, DOM concentrations 
are likely to change in future in order to 
inform future management decisions.

CASE STUDY: Catchment 
management for water quality  

Our scientists collaborated to develop 
a Catchment Management Modelling 
Platform (CaMMP). They explored 
integrated modelling approaches 
to deliver holistic solutions to 
inform policy development and 
implementation. The CaMMP web-
based platform provides improved 
access to and integration of data 
and models that help address key 
questions in catchment management 
for water quality and wider ecosystem 
services. Partners in the project 
included ADAS, Atkins, CREW, The 
James Hutton Institute, and the 
University of Reading. 

Project outputs are available at 
cammp.org.uk

Managing the risks associated with Dissolved Organic Matter 

Removal 

of Dissolved Organic 

Matter costs the water 

industry millions of 

pounds per  

year
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Lakes provide essential services to 
society including water supply, water 
quality regulation and recreation. 
However, lakes are impacted by 
a wide range of often interacting 
environmental pressures, such as 
climate change, pollution and invasive 
species, threatening these services. 
We carry out multidisciplinary 
research that provides process-
based understanding of how lakes 
function and are impacted by these 
pressures. Our long-term datasets 
provide important information 
on pressure-response-recovery 
chains. This understanding is used 
in the planning, assessment and 
implementation of whole-lake 
restoration programmes within the 
UK and beyond. By synthesising this 
knowledge into decision support 
tools, we help water managers make 
evidence-based decisions on how to 
design, implement and monitor lake 
restoration initiatives.

CASE STUDY: The restoration of 
Loch Leven  

UKCEH has monitored Loch Leven, 
the largest shallow eutrophic lake in 
lowland Scotland, since 1968. Our 
long-term monitoring programme 
has given us a good understanding of 
the links between pollution, climate 
change and ecological response and 
enabled us to identify the main causes 
of water quality problems at the site. 
These have included high phosphorus 
inputs and occasional pesticide 
pollution.

The long-term reduction in 
phosphorus concentrations clearly 
shows that the loch has responded 
positively to remediation measures 
put in place across the catchment over 
the last 20 years. These have included 
upgrading of wastewater treatment 
works through the installation of 

phosphorus scrubbing facilities, 
introducing strict controls on private 
wastewater treatment systems for 
new building developments, and 
promoting good agricultural practices 
to reduce soil, manure and fertiliser 
run-off.

Our data have informed these 
improvements. They also show that 
while some of the worst water quality 
conditions were recorded in the late 
1980s and early 1990s, some of the 
best conditions have been recorded 
over the last five years.

Lake restoration

Local businesses, 
fisheries, farming 

and wildlife, have all 
benefitted from the 

restoration measures 
introduced at Loch 

Leven
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We use a combination of satellite 
images and digital cartography 
to derive land cover information 
for the UK. Land cover is based 
on UK Biodiversity Action Plan 
Broad Habitats classes. It is used 
by government departments and 
agencies, county councils, charities 
and commissions, as well as 
water companies, environmental 
management bodies, consultancies 
and researchers. It has wide 
application in many sectors and is 
available in different formats to suit 
the requirements of users. 
 
 

PRODUCT: UKCEH Land  
Cover Maps

UKCEH’s Land Cover Maps are a 
trusted source of information on 

land cover for the whole of the 
UK and have been used for the 
management of natural resources, 
urban planning, carbon accounting 
and flood risk modelling, to name but 
a few. UKCEH’s Land Cover Maps 
have been successfully used in a wide 
range of applications by government 
departments and agencies, county 
councils, charities and utility 
companies.

 
 
 

PRODUCT: Land Cover® plus: 
Crops

UKCEH Land Cover® plus Crops 
dataset, produced each year since 
2015 in collaboration with Remote 
Sensing Applications Consultants 
Ltd., uses satellite-based data to 
provide a highly accurate picture of 

cropping patterns – both the type of 
crop planted and how much land it 
occupies – for each of the two million 
agricultural fields in Great Britain. 

 

PRODUCT: CEH Land Cover® 
plus: Fertilisers and Pesticides

This, the latest addition to the land 
cover map series combines crop 
data with county-level information 
from official government surveys 
of average rates of pesticide and 
fertiliser use per hectare for each 
crop, to estimate national patterns of 
average annual chemical application, 
at 1km resolution.

ceh.ac.uk/ukceh-land-cover-maps

Land cover mapping
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Assessing our ecosystem services and 
natural capital allows us to capture 
the importance of nature’s assets and 
the benefits that flow from them. This 
gives the natural environment a place 
in decision-making and allows more 
sustainable management choices 
for the future. Our scientists are 
assessing the extent, quality, trends 
and vulnerability of the UK’s natural 
capital. Our research into natural 
capital indicators supports the 25 
Year Environment Plan. 

UKCEH develop natural capital and 
ecosystem services modelling tools, 
which allow us to calculate the 
impacts of land use change and land 
management on ecosystem services 
provided in rural and urban locations. 
These tools are used to identify 
locations where land management 
change should achieve maximum 
benefit. They have been applied to 
issues as diverse as Brexit planning, 
tree planting for net zero carbon, and 
planning urban and transport green 
infrastructure

TOOL: ASSET

The ASSET tool explores the impacts 
of potential changes in the way 
we manage the UK countryside on 
society and the environment. ASSET 
enables exploration of the likely 
location and impacts of policies and 
practices, including afforestation, 
habitat restoration, land sharing/
sparing and agricultural intensification, 
on livelihoods, biodiversity and a wide 
range of ecosystem services.   
Visit eip.ceh.ac.uk/asset/ 

Measuring and enhancing ecosystem services and natural capital

TOOL: E-Planner

The E-Planner tool has been 
developed to help farmers and 
other land mangers identify the 
most suitable places for different 
environmental management options. 
The tool uses detailed environmental 
datasets to produce maps of the 
relative suitability of land for different 
environmental outcomes. This 
currently includes water resource 
protection, woodland creation, sown 
winter bird food, flower-rich pollinator 
habitats and wet grassland restoration. 

Visit assist-e-planner.ceh.ac.uk/
About

CASE STUDY: Evaluating Wales’ 
natural resources

UKCEH led the Welsh Government 
GLASTIR Monitoring and Evaluation 
Programme (GMEP) between 2012 
and 2016. The GMEP programme 
collected evidence, through a field 
survey of 300 1km squares across 
Wales, for the Glastir priorities 
(carbon, water, biodiversity, access 
and historic features). The monitoring 
and analysis of the whole ecosystem, 
incorporating environmental, social 
and economic analysis, allowed for 
a robust analysis of trade-offs and 
co-benefits of different landscape 
management options 

Image from Shutterstock
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Freshwater 
ecology
Freshwater ecosystems provide us with 
many valuable services. They purify our 
drinking water, supply irrigation for 
agriculture, recycle nutrients, help reduce 
the severity of floods and droughts, and 
support fisheries and recreation. They face 
many threats, including pollution, climate 
change, habitat loss, drainage, invasive 
species, dam construction and over 
abstraction of water. 

We specialise in understanding the 
impacts of multiple environmental 
stressors on freshwater plant, vertebrate, 
invertebrate and microbial communities. 
We identify thresholds in nutrient 
concentrations in rivers that are required 
to observe improvements in ecological 
status; and we conduct research into 
how lakes function and respond to 
environmental stressors such as climate 
change, nutrient enrichment and air 
pollution.

Monitoring and 
managing river 
health

Mapping and 
managing invasive 
species 

 
Monitoring and 
managing lake and 
reservoir systems

Key capabilities
Our research in freshwater 
ecology covers these 
capabilities:
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We develop frameworks and systems 
for monitoring and assessing river 
health in the UK and internationally. 
We focus on how the management 
of water quality and water quantity 
affects river ecology and biodiversity, 
combining our capability in 
bioassessments, statistical analyses 
and ecohydrological modelling 
with the latest research in big data 
approaches, GIS, earth observation 
and software development. We 
build qualitative and quantitative 
analysis and reporting tools to guide 
policy makers and empower our 
stakeholders in the public and private 
sectors. 

Our indicators of ecological status 
inform water resource management 
and our environmental flow analyses 
facilitate sustainable water abstraction 

and dam operation. We work to 
balance the exploitation of rivers with 
ecosystem protection, supporting 
sustainable development as well as 
international nature conservation 
treaties. 

CASE STUDY: Increased 
biodiversity linked to improved 
sewage treatment 

A recent study by our scientists 
demonstrated that a higher standard 
of wastewater treatment in the UK 
led to substantial improvements in 
a river’s biodiversity over a 30-year 
period . UKCEH analysed data from 
historic regular monitoring records 

of chemicals and invertebrates in 
the River Ray in Wiltshire between 
1977 and 2016. This tributary runs 
through Swindon from where the 
flow becomes 60 to 80% wastewater 
dominated before joining the River 
Thames.

The study, funded by Defra, found 
that after 1991, following the 
commissioning of activated sludge 
treatment, a steady increase in both 
the diversity and abundance of 
freshwater invertebrates downstream 
occurred. The improvement in 
biodiversity was principally associated 
with reductions in ammonia and 
organic matter together with an 
increase in oxygen levels as a result of 
less organic matter being discharged 
into the river. 

Monitoring and managing river health

30

mailto:water%40ceh.ac.uk?subject=


water@ceh.ac.uk

Invasive non-native species (INNS) 
can be devastating to biodiversity 
– the Intergovernmental Science-
Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) 
Global Assessment on Biodiversity 
and Ecosystem Services lists them 
as one of the main threats to 
biodiversity worldwide. INNS are 
also economically damaging, costing 
Britain and Europe an estimated 
£1.7 billion and €12 billion per year 
respectively.

UKCEH leads many key INNS 
initiatives across the UK, EU 
and globally, including database 

development, predicting new arrivals 
and surveillance and monitoring. The 
Great Britain Non-Native Species 
Information Portal, led by UKCEH, 
now holds information on more than 
3,000 NNS. We also produce the 
Defra biodiversity indicator for INNS, 
reporting on 193 established INNS. 

CASE STUDY: Zebra Mussels 

The zebra mussel arrived in the UK 
around 200 years ago and is now 

thriving in our waterways. If zebra 
mussels get into water treatment 
works, they can clog up pipes causing 
considerable damage. They can also 
profoundly alter communities of plants 
and animals, water clarity, and the 
chemical makeup of water systems. 
We are mapping the distribution of this 
species and tracking its spread over 
time to inform biosecurity approaches. 

Mapping and managing invasive species
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We design and undertake monitoring 
programmes to detect and 
understand change in ecosystem 
state, allowing us to inform 
lake and reservoir management 
measures. We take a whole 
ecosystem approach, including 
the physical dynamics of mixing 
and stratification, biogeochemical 
processes, and status and change 
in phytoplankton, macrophyte, 
zooplankton, macroinvertebrate and 
fish communities. 

Monitoring and managing lake and reservoir systems

We offer a multidisciplinary approach 
to investigating lake and reservoir 
structure and function, combining 
traditional sampling, eDNA, earth 
observation and high frequency 
sensor technologies with in-situ, 
ex-situ microcosm and mesocosm 
experiments, and statistical and 
process-based modelling. 

Water companies use our research 
to inform restoration projects, and 
increase water supply resilience, in the 

face of multiple stressors including 
climate change, eutrophication and 
invasive species. For example, we 
have used our knowledge of reservoir 
ecosystem function to determine 
optimal draw-off depths and factors 
contributing to excessive growth 
of filamentous and potentially toxic 
phytoplankton.
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Monitoring and managing lake and reservoir systems (continued)

CASE STUDY: Cumbrian Lakes 
Monitoring Platform 

The Cumbrian Lakes Monitoring 
Platform is an ‘example’ of our 
multi-faceted monitoring approach, 
combining eight decades of long-
term physical, chemical and biological 
data with high frequency monitoring 
at sub-hourly frequency. This 
combination of methods enables us 
to investigate ecosystem responses 
to complex pressures such as climate 
change over multiple timescales, for 
example changes in stratification, 
oxygen concentrations, and primary 
production. We use the knowledge 
that we gain from this monitoring to 
identify important factors affecting 
lake state and function, informing 
stakeholders such as United Utilities, 
Natural England, the Environment 
Agency and the National Trust on the 
effectiveness of management actions. 

eip.ceh.ac.uk/apps/lakes

PRODUCT: Lake Buoy

UKCEH have designed and built an 
automated monitoring system to 
collect environmental data at minute 
timescales that match the timescales 
of important lake processes. Each 
monitoring buoy carries a range of 
meteorological instruments, including 
air temperature, solar radiation, wind 
speed and direction and relative 
humidity. Underwater sensors 
measure temperature at twelve 
depths, as well as dissolved oxygen, 
pH, conductivity, chlorophyll a and 
underwater light near the surface.

CASE STUDY: Rare fish 
conservation 

Working with environmental 
regulators, the water industry and 
collaborators throughout the UK, our 
scientists have led the development 
of quantitative, minimum-impact 
sampling techniques for rare fish 
populations, such as Arctic charr. We 
have supported the development of 
national and international protocols 
which include a minimum of biological 
sampling and an increased use of 
hydroacoustics for the study of such 
fish and aspects of their habitats. More 
recently, we have also collaborated 
on the development of passive 
hydroacoustics and environmental 
DNA techniques for the non-
destructive biological sampling of fish.

UKCEH Lakes 
Portal contains 
data for 40,000 
lakes across the 

UK
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Our 
research 
facilities

Our state-of-the-art facilities play a vital role in our water science. 
Our facilities are open for contract use.

UKCEH Analytical 
Chemistry Laboratories
Across our four sites, our laboratories 
provide specialised chemical analysis for 
a wide range of environmental science 
needs. Areas of analytical expertise 
include metals, nutrients, organics, 
microplastics and stable isotopes. We 
have specialist groups carrying out 
and refining methods for water quality 
analysis, physical and chemical soil 
analysis, and greenhouse gas analysis. 
We maintain high standards of quality 
control and are UKAS-accredited to ISO 
17025:2017 for many of the analyses 
carried out. We offer collaborative 
opportunities for a wide range of 
organisations.

Aquatic Mesocosm 
Facility
Acquiring detailed process understanding 
in a reservoir is very challenging due to 
a lack of environmental controls and the 
lack of replication. In order to bridge the 
gap between the real-world environment 
of a natural reservoir and controlled 
experiments in a laboratory, UKCEH 
conduct mesocosm experiments at our 
Lancaster site. The modern open-air 
facility consists of 32 3,000-litre tanks, 
each simulating a small lake where all 
variables can be controlled (ceh.ac.uk/
our-science/research-facility/aquatic-
mesocosm-facility). 

We can simulate a range of highly 

realistic lake environments under 
controlled conditions and investigate 
how emerging environmental challenges 
and stressors influence the structure and 
function of shallow lake ecosystems. The 
advantage this facility has over natural 
lakes or reservoirs is that it provides 
us with replication and continuous 
monitoring. This gives us statistically 
robust evidence of how freshwaters 
react to whichever factors and 
manipulations we want to investigate. 
The site is equipped with state-of-the-art 
sensors and loggers to allow for real-time 
data transmission and viewing to monitor 
physical and chemical conditions 24/7.
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Our 
partnerships

We believe that the best solutions are 
co-designed and co-delivered, so our 
strategic partnerships cross borders, sectors 
and disciplines. 

We would like to thank all our 
partners and clients for their 
ongoing collaboration including:

 ● Department for 
Environment, Food & 
Rural Affairs (Defra)

 ● The Environment Agency

 ● Natural Resources Wales

 ● Ofwat

 ● The Scottish 
Environment Protection 
Agency (SEPA)

 ● UKWIR (UK Water 
Industry Research)

 ● Water UK

 ● British Water

 ● UK Water Companies

The UK Water Partnership:

We are members of The UK Water 
Partnership, which was established in 
2015 to provide a strategic vision for 
the development and growth of the UK 
water industry.  

CREW (Scotland’s Centre of 
Expertise for Waters): 

We are an affiliate of CREW and 
participate in the science steering group.  
 
The UK Environmental 
Observation Framework (UKEOF):

UKCEH are members of the UKEOF 
management group, the coordinating 
body across the public sector for 
the UK’s environmental observation 
community. 

Natural Hazards Partnership:

UKCEH is a founder member of 
the Natural Hazards Partnership, 
a partnership of UK scientific 
organisations and government 
departments that assess and review 
natural hazards including floods, 
droughts, and extreme weather events.  

Water Europe:

We are members of the Science Advisory 
Group of Water Europe, the coordinating 
body for water related research and 
innovation in Europe.  

UNESCO / World Meteorological 
Organization

We coordinate the UK’s input to the 
Intergovernmental Hydrological 
Programme (IHP) of UNESCO and the 
hydrological activities of the World 
Meteorological Organization (WMO). 
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BANGOR
UK Centre for Ecology & Hydrology 
Environment Centre Wales 
Deiniol Road 
Bangor 
Gwynedd 
LL57 2UW 
United Kingdom

T: +44 (0)1248 374500 
 

EDINBURGH
UK Centre for Ecology & Hydrology 
Bush Estate 
Penicuik 
Midlothian 
EH26 0QB 
United Kingdom

T: +44 (0)131 4454343 

LANCASTER
UK Centre for Ecology & Hydrology 
Lancaster Environment Centre 
Library Avenue 
Bailrigg 
Lancaster 
LA1 4AP 
United Kingdom

T: +44 (0)1524 595800 
 

WALLINGFORD
UK Centre for Ecology & Hydrology 
Maclean Building 
Benson Lane 
Crowmarsh Gifford 
Wallingford 
Oxfordshire 
OX10 8BB 
United Kingdom

T: +44 (0)1491 838800 
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