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Giving Our Rivers a Voice 
 

the current state of rivers in the UK and why 
we should all care 



Earthrise, NASA (1968) 



3 860 miles 
170 miles 

35 miles!!! 

Big bubble = all of Earth’s water 
[332,500,000 cubic miles] 
 
 
Medium Bubble = Liquid fresh water 
[2,551,100 cubic miles] 
 
 
Tiny Bubble  = Lakes and rivers! 
[22,339 cubic miles] 

 



Fresh waters are hotpots for Life on Earth 
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Freshwater ecosystems contain disproportionately more 

species per unit area than marine and terrestrial ecosystems.  

Freshwater systems cover less ~ 1% of the Earth’s surface,  

Freshwater habitats are home to more than 10% of known 

animals and about one-third of all known vertebrate species. 

 

 In the 20th century freshwater fishes have had the highest 

extinction rate worldwide among all vertebrates 
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Freshwater Ecosystems are important 

WWF Living Planet Report 2018 



Average abundance of 3,358 freshwater populations 
monitored across the globe ~ 84% decline 
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Freshwater ecosystem health is in crisis 

WWF Living Planet Report 2018  

quality quantity connectivity diversity habitat 
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Conceptual Model for Freshwater Ecosystems 
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The health of rivers are shaped by biological 

and physical processes.  
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Deforestation leads to the degradation of soils 

The state of Rondônia in western Brazil. Left from 1975 and right from 2012. Photo credit: NASA 

1975 ~ 208K km2 

1978  –4200 km2 

1988  –30,000 km2 

1998  –53,300 km2 

2003  –67,764 km2 
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Connected, flowing rivers are crucial 

Pacific 

-6% 

Indian 

-3% 

Arctic 

+10% 

National Center for Atmospheric Research (NCAR), 2009 



12 Changes to fluvial hydrology 



Yarlung Tsangpo River 

13 



14 

Yarlung Tsangpo River 



Yarlung Tsangpo River 
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 The Great Bend 
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Our rivers are alive, metabolising 

through biological processes. An 

intricate digestive network for carbon. 

Land-use and Landscape Interactions 



Agriculture equates to around 70% of all withdrawals 

Land use and landscape interactions   
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Increasing urbanisation 



Rivers are Alive: An intricate digestive network for carbon. 

 
• The largest absorber of carbon 

are land-based ecosystems 

(120 billion metric tonnes of 

CO2 per year) releasing back 

115 billion, This leaves 5 billion 

tonnes: Net Primary Production. 

 

• This land carbon is mobile. 

Around 2.7 billion ends up in 

rivers, getting respired (CO2),  

sediments or oceans  



The amount of carbon that inland waters emit is 

comparable to the net amount of carbon absorbed by 

living organisms on Earth’s land surface and in its oceans!  

 

Fresh water bodies bury more carbon in sediments each 

year that the vast ocean floor.  

 

There is large uncertainty and many unknowns in these 

estimates. 
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Emerging Role of Freshwater in the Global Theatre 



What are we missing? 

We lack adequate data and proper models to evaluate how 

our changing world will affect the ways that freshwater 

systems interact with the land, atmosphere, and oceans 

 

Among these key uncertainties is our understanding of 

carbon transformations, productivity and storage. Especially 

in freshwater ecosystems. 

 

Especially uncertain is how much human activity— like land 

use changes, pollution discharges (fertilizers and sewage) into 

freshwater ecosystems— will effect these beautiful and 

complex carbon emission and storage process.  



What’s missing? 

• Inland waters’ role in carbon emissions and burial were only 

official integrated into the Intergovernmental Panel on 

Climate Change in 2013 

 

• Even this description was brief – highlighting the lack of 

historical research in this area 

 

• We don’t fully understand yet how the impacts of pollution 

– sewage, fertilizers from agriculture, etc – are influencing 

these underpinning processes  



EU Water Framework Directive Ecological Status 

& UK Environment Bill (2020) 

Good 

High 

Moderate 

Bad 

Poor Acceptable – 

Meets WFD 
goals 

Unacceptable – 

Does not meet WFD 

goals 

Ecological status is defined as ‘a measure 

of the quality of the structure and 

functioning of surface water ecosystems’.  

It is determined using the following: 

Physical and 

Chemical 
Nutrients (NO3-, PO4-), 
turbidity, conductivity, 
pH, temperature, 
DOC/TOC  

Macrobiological 
Fish, benthic 
invertebrates, 
macrophytes 
(BMWP scores) 
 

Chemical Ecological 



The State of UK Rivers 

Of England’s rivers, including 85% of the world’s precious 

chalk streams, only 14% are in good ecological health while 
every single river fails to meet good/chemical standards. 

 

66% of rivers are in “good heath” in Scotland – but there 

growing concerns of sewage discharges 

 

In Wales 46% of rivers are good health  

 

Only 31% of rivers in Northern Ireland are classed as “good” 

 

 

 

 



Pressures on inland waters – anthropological 
stressors - WFD European Waters Assessment, 2018  

38% of 

significant WQ 

pressures are from 

diffuse pollution   

25% of 

diffuse 

pollution is 

from 

agriculture  
Raw sewage 

was 

discharged 

into UK rivers 

400,000 times 

in 2020 



The health of rivers is declining, because we 

are not listening  28 



EU Water Framework Directive Ecological Status 

& UK Environment Bill (2020) 

Good 

High 

Moderate 

Bad 

Poor Acceptable – 

Meets WFD 
goals 

Unacceptable – 

Does not meet WFD 

goals 

Ecological status is defined as ‘a measure 

of the quality of the structure and 

functioning of surface water ecosystems’. 

It is determined using the following: 

Physical and 

Chemical 
Nutrients (NO3-, PO4-), 
turbidity, conductivity, 
pH, temperature, 
DOC/TOC  

Macrobiological 
Fish, benthic 

invertebrates, 
macrophytes 
(BMWP scores) 
 

Biogeochemical 
Microbial processing, 

whole-stream 

metabolism, 

ecosystem 

respiration   



We are developing a new water health parameter, 

based on fluorescence technology 
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Carbon 

inputs 

Carbon 

processing 
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Fluorescence sensing technology at Taplow, 

Maidenhead 

• Range of water quality parameters: 
• Nutrients (phosphate, nitrate) 

• Physico-chemical (DO, conductivity, pH, turbidity) 

• Microbiological (flow cytometry, total viable counts, Escherichia coli) 

• Fluorescence (V-Lux, EEMs) 

• Total/Dissolved organic carbon 
 

• Real-time (every second) data outputs through the cloud 

 

• Sensing the microbial processing of carbon, and how it changes 

as a result of pollution inputs  
 



Investigating carbon processing by bacteria in freshwater 

systems 



Real-time sensing of river metabolism? 

• Range of water quality 

parameters: 
• Nutrients (phosphate, nitrate) 

• Physico-chemical (DO, conductivity, 

pH, turbidity) 

• Microbiological (flow cytometry, total 

viable counts, Escherichia coli) 

• Fluorescence (V-Lux, EEMs) 

• Total/Dissolved organic carbon 

• Long term (12+ months) 

networked commissioning 

of novel fluorescence 

sensor plus standard WQ 

parameters (both remote 

in-situ and laboratory-

based)  for monitoring 

ecosystem health 

Taplow 

monitoring 

station 

Location of Taplow monitoring station 

Multi-channel 

fluorescence sensor 

Real-time telemetry output of in-situ fluorescence data 

alongside standard water quality parameters 
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Thank you for listening 

darren.reynolds@uwe.ac.uk 

Eva Perrin 

Dr Steph Sargeant 

Simon Browning 

Dr John Attridge 

Dr Beth Fox 

Dr Robin Thorn 


