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ChREAM Objectives

. To develop a methodology for integrated hydrological-economic
modelling of the relationship between rural land use and water quality

. To estimate the impact upon rural land use and farm incomes of the
consequences of implementing the Water Framework Directive
(WFD) and Common Agricultural Policy (CAP) reforms.

. To provide policy relevant guidance regarding alternative strategies
for securing the objectives of the WFD and to estimate the impacts of
such strategies upon fragile rural economies.

. To assess economic values for the social benefits that may be
generated by implementation of the WFD.

. To test the transferability of these benefits assessments.

6. To step beyond integrated modelling to combine this with attitude-

behaviour surveys of farm decision making.

. To test the applicability of this entire integrated methodology across a
large and diverse area; the Humber catchment.
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 Akey WFD objective is to reduce nitrate levels; 70% of nitrates
come from agriculture.

« Various land management policies have been suggested, but which
are likely to be most effective?

* Previous work has examined how changes in land use might impact
nitrate leaching.

 The next step is to link changes in leaching to in-river nitrate
concentrations. This allows the cost-effectiveness of farming-related
nitrate reduction strategies to be evaluated.
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COST-EFFECTIVENESS

Geographical predictions
of cost-effective nitrate
reduction measures
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The UEA land use model (E&
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Econometric model.
 INPUTS: prices, policies, and environmental factors.
e OUTPUTS: land use and livestock on a 2km? grid basis.

« 7 land use types (cereals, oilseed rape, root crops, temporary
grassland, permanent grassland, grazing, other).

» 3 livestock types (dairy, beef, sheep).
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Estimated areas of cereals
(ha) in 2km grid cells.

\"Q Present-day baseline.
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Predicted areas of cereals
(ha) in 2km grid cells.

Based on a 20% increase in
set-aside scenario.



Changes in areas of cereals
(ha) in 2km grid cells.

Baseline to set-aside
scenario.



The CEH water quality models

» Integration of CASCADE (model of nitrate leaching) and QUESTOR
(model of in-river processes).

 INPUTS: land use, rainfall, and soil on a Hydrological Response Unit
(HRU) basis.

« OUTPUTS: nitrate leaching on a HRU basis and nitrate
concentrations at selected river points.



Flow diagram of water quality models




Estimated leaching of nitrate
using CEH model, based on
baseline land uses.



Predicted leaching of nitrate
using CEH model, based on
set-aside scenario.



Change in nitrate leaching
between baseline and set-
aside scenario.



Sampling points for river
nitrate concentration
predictions.



Water quality results

(N-concentrations)

SITE
ure
nidd-ouse
nidd-ouse
wharfe
wharfe
aire
aire
aire
calder-aire
calder-aire
calder-aire
don
don
don
don
derby derwent
derby derwent
derby derwent
derby derwent

BASE
1.120
1.090

FERTS0 SET20
1.115
1.086

ESA CcC
0.954
0.871

1.122
1.024

0.847

0.896

0.728

4.990

5.115

classifications (colours) by GQA
nitrate class

mg N/L

EU nitrates directive roughly at border between moderate and
high

very low moderate

1.13-2.26 2.26-4.52 4.52-6.77 6.77-9.03 >9.03

<1.13




Case study of the Derwent




Three scenarios examined

e Scenario A: 20% cut in fertilizer application.
e Scenario B: 20% cut in stocking density.

e Scenario C: 20% uniform conversion of arable land to extensive
permanent grassland.



N-concentrations for 5 sites in the Derwent




Overall nitrate improvement

Changes in GQA status over all 65 reaches.



Spatial variation in nitrate improvements

Baseline Scenario C

GQA grades for individual river sections.



Cost-effectiveness of scenarios

e Change in Farm Gross Margin (Em) and Cost-effectiveness (C.E.)
(Em per mg L1 nitrate reduction) at Site 5, the outlet.



Conclusions

* Integrated land use and water quality models to identify cost-
effective nitrate reduction strategies to achieve WFD targets.

 Methodology applied to the Derwent catchment as a case study.

* Nitrate reduction strategies should be spatially targeted in order to
maximise cost-effectiveness of water quality improvements.



Thanks for listening!

Catchment Hydrology, Resources, Economics and Manag ement
(ChREAM) website

www.uea.ac.uk/env/cserge/research/relu/index



