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HPLC separation of organic P in leachate:
Espinosa et al., JEQ, 1999



2. MOBILISATION
describes the start of the 
journey from soil or source 
P, either as a solute 
(solubilised) or attached to 
colloids and particles 
(detached)

3. DELIVERY/TRANSPORT
describes the complex 
journey the solutes, colloids 
or particles take after 
mobilisation to connect to the 
stream

1. SOURCES include 
fertilizer applications, 
defecation from grazing 
animals, spreading of 
manure on soils

Infiltration-excess flow

Saturation-excess flow

Sub-surface flow

A framework –
the ‘transfer continuum’
Haygarth et al (Sci Tot Env 2005) 



Soil and water biogeochemistry; 
The transfer continuum

• Catchments, largest 
spatial scale, socio 
economics

• Plot and paddock system 
studies

• Micro/mesocosm/  
lysimeter studies

• Molecule, soil ped and 
batch scale biochemistry

• Ho forming, empirical, 
uncertainty, complexity, 
aspire for finest temporal 
scale

• Losing ‘control’, yet more 
‘relevant’

• Helps to form conceptual 
models 

• Ho driven, reductionism 
mechanistic, high 
certainty, low applicability

after Haygarth et al.  (2005) Sci. Tot. Env. 344, 5-14



Mitigating according to cost and 
efficiency Haygarth et al. (in press) J. Env. Qual.
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Mitigation Options:

4    Halve P to 3 index and no P to index 4+ intensive grassland
7    Reduce feed P input to dairy
39  Riparian Zones
38  Install farm track sediment traps
36  Move gateways
24  Restrict livestock access in marginal places/times
35  Constructed wetlands/sedimentation ponds
23  Rate of application
22  Timing windows (intensive dairy)
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Compound uncertainties in 
catchment biogeochemistry

Scale

Converting process 
to mitigation 

Dealing with 
multiple pollutants

Model





Integrated Catchment Management

Different forms of ICM 
practiced in England & 
Wales for a long time

Largely remained a plan-
based, state-led & water-
centric process

Fundamental institutional 
reforms needed to achieve 
WFD targets 

Developing ‘collaborative capital’ for ICM



The Ribble WFD Pilot 

A participatory catchment 
planning exercise conducted 
by EA in 2004 to ‘test’
approaches for 
implementing the WFD

Many uncertainties remain 
regarding how to practice  
collaborative & participatory 
ICM    



Coping with Uncertainty

• Risk – key variables and inter-relationships quite 
well understood at small scales (experimental plot & 
field scale)

• Ignorance and indeterminacy – significance of 
variables and interrelationships unclear at larger 
scales (catchment & river basin)



Adaptive Environmental Management

“…how to cope with the uncertain, 
the unexpected, and the unknown.”
(C.S. Holling, 1978)

Increase rates of knowledge 
acquisition via iterative cycles of 
trail-and-error policy development 
and implementation based of 
scientific hypotheses and models



Understanding and Acting in Loweswater

• Small lake in LDNP owned by 
National Trust

• 13 farms
• Controversy surrounding 

causes, consequences and 
responsibilities for 
eutrophication problems

• 3 year RELU research project
• Inter-disciplinary
• Est. multi-stakeholder platform 

(Loweswater Knowledge Collective)
• Exploratory/collaborative/deliberative
• Adaptive?

18th February 2008



Future science and policy orientations

• Approach uncertainty as an opportunity rather than a barrier

• Use knowledge of diffuse agricultural pollution mitigation to 
design novel ‘experimental’ policy measures and packages

• Invest in monitoring and evaluation of implemented policy 
measures to facilitate more rapid learning and adaptation

• Recognize ICM as a collaborative process and establish multi-
party institutional arrangements for land and water
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