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A Over the last 200 years, What have been the tere~ ‘esponses of

soil C, N and P pools in different UK ca* ““o ent
enrichment? W€ g

A What have been *- O\N d d da\] .« P transfers from
land to.t- “ a(e voluarles’?

A How “ "e \N .water biodiversity responded to
Incree et product|V|ty engendered by nutrient
enrich . at different locations?

Answered by:
Integrated modelling analysis,
aimed at accounting for observable present element
pools and fluxes in different UK catchments

In terms of their nutrient enrichment histories

Followed by: scenario-based forecasting with

Stakeholder participation
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= LTLS activities.:

Atmospheric

Model CO,, N, etc.
+ Biodiversity
modelling
based on
Erosion Model biogeochemistry
CO,, N, eftc.
sediments
Hydrological & Routing Model
+ Measurements soil denitrification soil survey (14C)
river transport (1*C) lakes
fuel experiments bracken survey
NPP




For semi-natural terrestrial ecosystems in the UK:

NEED

Seasonal / annual (1800-2000)
soll C, N, P pools
net primary productivity (NPP)
Inorganic N and P leaching fluxes
DOC, DON, DOP leaching fluxes
(erosion)

by 5x 5 km grid cell, by land use type

CEH

HAVE

Land cover maps 2007, ~1930, ~1700
Recent climate, past anomalies

Soil and geological maps
Atmospheric deposition 1800-present
Palaeo-ecology
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Features.of the
Li?\:(s thPC, Pools and Seasonal
o fluxes timestep
cycles
Microb Simultaneous
IGIORES T simulation of many
explicitly modelled -
Runs over the Fitted from field data
Holocene (12000 yr) (at plot scale)
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PLA@"ITSJ\IUTR IEN T

MAP & MAT

C:N=35
C:P =350

Total plant 1
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Only N limits in N14C
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Max NPP
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nutrient availability
Increasing
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Comparing 4C contents of topsoils (~15 cm) over time

forest non-forest
n “c SD n 'C sD D
19471962 6 94.7 1.1 6 91.5 1.7 | >0.05
19701978 28 111.3 1.2 6 1061 34 | >0.05
1990-1998 27 1115 0.9 21 1048 22 | <0.@
2000-2004 43 110.2 0.8 26 100.8 1.3 | <0.001
20052008 22 1074 1.3 98 1007 0.8 | <0.001

Forest soils are richer in bomb carbon

NERC

130) Ecology & Hydrology
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Steady-state soils i finding the correct slow / passive ratio

forest soil 5.97 kgC m-2 non-forest soil 4.02 kgC m-2
g 180T A g 180T A atmospheric
5 atmospheric 5 \ 140
o 14 o
3 160 | C 3 160 | \
Io! Io! \
© © \
S 140 S 140 t \
5 s G
O
g 120 | S 100 | / . slowl\__\
> >
© 100 O100 oS _!:I_\\
i N s oo passive ~-rorrree
80 R . 80
1930 1940 1950 1960 1970 1980 1990 2000 2010 1930 1940 1950 1960 1970 1980 1990 2000 2010
slow fraction 0.71 slow fraction 0.23

N14C & N14CP do not assume steady-

state, but the same ideas apply.
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Nitrogen Inputs,¢ -

Pre-1800 N fixation only
constant in N14C
depends upon P in N14CP

Post-1800 N fixation + N deposition
down-regulation of N fixation

H e

Increasing N dep
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Litter N after
resorption Ndep

1 l / plant
SOM fast
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Universal parameter set
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Fitting N14C to 42 sites

soil CN ratios g g*
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AAcquisition of P weathering into soil
2. (net) deposition to,ombrotrophic peat

ASoil organic matter can immobilise & reledse P

AP can be cleaved from SOM

Alnorganic P is sorbed by soil solids in topsoil and subsoil

AN fixation depends on P Starting pool

ALost mainly as DOP First-order dissolution

Centre for N E RC
& Hydrology
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N14CP fitting results: IN leaching, CN, soil NP
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_Limitations of the

Average behaviour is OK
Inter-site variability poorly captured with available drivers

Possible improvements:
measure of (starting) P pool
Insights into parameter variation

Centre for N E RC
Ecology & Hydrology
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AMAP, MAT by site, with historical anomalies

AN & S deposition history by site
AVegetation history: broadleaf / conifer / herbs / shrubs / peat

AWeathering: information, assumptions or calibration

ASoil formation starts at 10,000 BC

Centre for N E RC
Ecology & Hydrology

NATURAL ENVIRONMENT RESEARCH COUNCIL
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Cumulative Ndep (g/m2)
1900-2000

1900-2000
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Nexﬁstep?

Combine N14CP outputs
Inputs to Run process

for the whole UK (10,000 — | models for
grid cells) with agricultural .
rivers, lakes, waters

and erosion model outputs
groundwater

\ J
I

Complete spatial simulation 1800-2000

Test against Run scenarios Relate
observations to 2100 biogeochemistry to
biodiversity i
terrestrial, lakes

Learn lessons i
Centre for . . N E RC
if::!?f.:.,f;:!::;i‘:i, Think about how to do this better
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Questi on_f, .

Is this modelling too simple?

What are the scales of spatial variability?

What other factors could be included (with data)?

Is the use of a single limiting factor for NPP justified?
Is spin up to steady state OK?

How sensitive Is current soil to its history?

Centre for N E RC
Ecology & Hydrology

NATURAL ENVIRONMENT RESEARCH COUNCIL



. Parameters & var

kimmobN 4
broadleaf, conifer, herbs, shrubs
ffast 2
trees, non-trees 1 3
fpassive 2
trees, non-trees
kdenitr fDOC Cpl\]mmobz,max fgr,l 1Egr,2 S
‘C pool / N pool /C:N / Ninorg leach 42 sites ‘

‘DOC leach / DON leach / denitrification / NPP

average\




' N14CP Peatlodel

N, P and BC
deposition

Centre for
(Cl&Jsl) Ecology & Hyq

ar L L USRS A AR SR IS

NPRC CQ &
N fixation

Biomass

Acrotelm

Catotelm

A Burial of C N and P occurs once &oeotelm
reaches a certain size.

A These nutrients then become disconnected
hydrologicallyand undergo very slow
decomposition.
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O-horizon
C pool ~ 2000 gC m=

Litter input ~ 200 gC m=2 a?

Steady-state MRT = 10 years

c 180
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O-horizon
C pool ~ 2000 gC m=

Litter input ~ 100 gC m=2 at

Steady-state MRT = 20 years

c 180
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LTLS focus-period 18002
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