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Classification of Ecosystem Goods and Services (after MA, 
2003)

Provisioning Services
Products obtained from 
ecosystems
· Food
· Fresh Water
· Fuelwood
· Fiber
· Biochemicals
· Genetic resources

Regulating Services
Benefits obtained from 
regulation of ecosystem 
processes
· Climate regulation
· Disease regulation
· Water regulation
· Water purification
· Pollination

Cultural Services
Nonmaterial benefits 
obtained from ecosystems
· Spiritual and religious
· Recreation and ecotourism
· Aesthetic
· Inspirational
· Educational
· Sense of place
· Cultural heritage

Supporting Services
Service necessary for the production of all other ecosystem services

� Soil Formation     � Nutrient cycling   � Primary Production



National Ecosystem Assessment recognises major role of 
soils in delivering many ecosystem services

UK National Ecosystem Assessment approach to services Primary, intermediate and final services 
are mapped onto Millenium Assessment services as: Regulating services (pink); Supporting 

servicecs (yellow); Provisioning (blue); Cultural (green). Draft June 2010



Soils as a finite resources

We consistently mine the soil resource.

But we rely on it for the provision of 
food, feed, fibre, and the regulation of 
the Earth System through gas 
exchange, filtering, buffering, waste 
disposal etc.



Soil Thematic Strategy
The Communication (COM(2006) 231) 
Establishes a ten-year work program for the European Commission.”

The proposal for a framework Directive (COM(2006) 232) 
Sets out common principles for protecting soils across the EU. 

The Impact Assessment (SEC (2006) 1165 and SEC(2006) 620) 
Contains an analysis of the economic, social and environmental impacts.

8 threats:

1) erosion: €0.7 – 14.0 billion
2) organic matter decline: €3.4 – 5.6 billion
3) compaction: no estimate possible,
4) salinisation: €158 – 321 million
5) landslides: up to €1.2 billion per event
6) contamination: €2.4 – 17.3 billion
7) sealing: no estimate possible
8) biodiversity decline: no estimate possible  

EU recognizes the importance of protecting the soil resource



But moving away from mapping and static measurements to understanding 
processes and function

Soils are a major policy focus in Defra and EU



Managing land for ecosystem services 

Water

CarbonBiodiversity

Land 
management 

options



• How is soil changing? 

• If so, what is driving the change? 

• What does that mean for soil function and 
ecosystem service provision? 

• Does soil biodiversity matter? 

• Does our ‘classic’ soil classification work for new 
challenges (or even old ones)? What is needed to 
forecast future change? 

• How can we better manage land to protect soil 
natural capital and the services they provide

Current questions 

Emmett et al. 2010; 
www.countrysidesurvey.org.uk



Countryside Survey Soils

• A national integrated monitoring programme

• Land use, vegetation, linear features, waters,
soils (0-15cm) , landcover map

• Unique 30 year record with 3 data points 

• New for 2007
– Molecular microbial diversity
– Soil functions (C and N rate functions)

• Integrated analysis to determine change in 
ecosystem services:

– Soil C sequestration
– Soil health
– Biodiversity
– Water quality
– Food and fibre production

Emmett et al. 2010; 
www.countrysidesurvey.org.uk



Countryside Survey topsoil (0-15cm) measurements

Physical Chemical Diversity Activity/Function

Moisture pH Mesofauna Potential N 
mineralisation

Soil type LOI Bacterial Potential C 
mineralisation 
(respiration)

Soil organic 
thickness

%C Basal soil respiration

Hand texture %N Microbial biomass

Bulk density Olsen P Plant C turnover

42 metals DOC/DON turnover

POPs Metabolic quotient 
(Cresp /Cbiomass )

Microbial quotient 
(Cbiomass /SOC) 

Emmett et al. 2010; 
www.countrysidesurvey.org.uk



No change in topsoil carbon concentration (0-15cm) at GB 
scale (1978 – 2007)
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� Is soil carbon (0-15cm) changing and what are the 
drivers?

� No (spatial patterns linked to decline in S 
depn and climate)

� Is recovery from acidification continuing?
� Yes  (but only in less acidic environments)

� Is there robust evidence of a decline in soil biodiversity 
as stated by the EU?

� No  (decline in no. of taxa noted but further 
work needed)

� Is N-enrichment continuing or is recovery starting? 
� No (increased carbon is diluting the signal)

� Can the trend of increasing P status be confirmed? 
� No (broadscale decline in Olsen P)

� Is the decline atmospheric metal deposition reflected 
in soil  metal concentrations 

� Depends on the metal

Headline Results
Report published Feb 2010. All data available on line (3 time points (1978 –
2007), 591 1 km2, 2614 samples)
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Major surprises

• Dilution of nitrogen signal with carbon (increase in 
C:N)

• ��������	��
����	�	
�����
	��	�������	��	
�����	��	 �����������	
�������	��	���	����������	����	���
���	��	�������	� �	����

�������

• Decrease in available phosphorus even in semi-
natural habitats

• ����	

• Most consistent predictor of spatial patterns of 
change in soil carbon is change in soil pH

• ������	�������	��	��������	��	
�����	����	��	������

Question: How does N, P and pH influence soil 
carbon rate functions?

Emmett et al. 2010; 
www.countrysidesurvey.org.uk



Simfukwe  et al, in prep
Report to Defra.

What best predicts soil carbon rate functions 
	

S
oi
l r

es
pi
ra

tio
n 

(g
 C

 c
or

e-1
 h

-1
)

0

2

4

6

10
15
20

S
oi
l r

es
pi
ra

tio
n 

(g
 C

 c
or

e-1
 h

-1
)

0

2

4

6

10
15
20

S
oi
l r

ep
ira

tio
n 

pe
r 
LO

I (
g 

C
 g

 L
O
I-1

 h
r-1

)

0

5

10

15

20

25

30

35

S
oi
l r

ep
ira

tio
n 

pe
r 
LO

I (
g 

C
 g

 L
O
I-1

 h
r-1

)

0

5

10

15

20

25

30

35

S
IR

(L
M
W

)

50

60

70

80

90

S
IR

(L
M
W

)

50

60

70

80

90

0 1 2 3 4 5 6 7 8

S
IR

(H
M

W
)

0

20

40

60

80

S
IR

(H
M

W
)

0

20

40

60

80

  

P
el
os

ol

B
ro

w
n

G
W

G

S
W

G

P
od

zo
lic

Li
th
om

or
ph

ic

P
ea

t

In
ve

rt
eb

ra
te

 b
io
di
ve

rs
ity

0.0

0.5

1.0

1.5

C
ro

ps
 a
nd

 w
ee

ds
T
al
l g

ra
ss

 a
nd

 h
er

bs

Fe
rti
le
 g
ra

ss
la
nd

In
fe
rt
ile

 g
ra

ss
la
nd

Lo
w
la
nd

 w
oo

de
d

U
pl
an

d 
w
oo

de
d

M
oo

rla
nd

 g
ra

ss
 m

os
ai
cs

H
ea

th
 a
nd

 b
og

B
ac

te
ria

l b
io
di
ve

rs
ty

0.75

0.80

0.85

0.90

0.95

B
ac

te
ria

l d
iv
er

si
ty

0.75

0.80

0.85

0.90

0.95

C
ro

ps
 a
nd

 w
ee

ds
Ta

ll 
gr

as
s 
an

d 
he

rb
s

Fe
rt
ile

 g
ra

ss
la
nd

In
fe
rt
ile

 g
ra

ss
la
nd

Lo
w
la
nd

 w
oo

de
d

U
pl
an

d 
w
oo

de
d

M
oo

rla
nd

 g
ra

ss
 m

os
ai
cs

H
ea

th
 a
nd

 b
og

In
ve

rt
eb

ra
te

 b
io
di
ve

rs
ity

0.0

0.5

1.0

1.5

By soil type
By vegetation  
type



Vegetation type is a best single predictor of soil C 
and N rate functions. 

So we’re not great at predicting rates 
even under controlled conditions. 

Factor Potential N 

mineralisation

Basal soil 

respiration

Substrate 

indiuced 

respiration 

(LMW)

Substrate 

induced 

respiration 

HMW)

Biodiversity 

(bacteria)

Biodiversity 

(invertebrates)

Soil Class 0.166 0.145 0.009 0.141 0.124 0.022

Vegetation 

Class

0.32 0.226 0.007 0.335 0.35 0.06

Stepwise 

regression 

(all  soil 

variables)

0.53 0.42 0.13 0.44 0.57 0.08

LOI, BD, pH, Olsen P, %N, %C, Al, Ca, Ec, humics, phenol, amino acids, absorbance at 
254nm, biodiversity, field capacity……

Simfukwe et al. In Prep

Simfukwe et al. In Prep. Report to Defra. 



Discrimination analysis suggests vegetation has greatest influence on 
topsoil physico-chemistry, function and biodiversity

Simfukwe et al. In Prep. Report to Defra. 
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(c) Groups discriminated by Biodiv(bact) and Biodiv(invert) variables 
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(d)   Groups discriminated by physico-chemical 
variables
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Slide of unpublished data deleted



Jules for soils and ecosystem services research

1. Providing driving variables (e.g. primary 
production and SMD) for specialist soils 
models 

2. Providing driving variables for plant 
ecological niche models (now available for 
> 1000 UK higher plants) based on max, 
min temp, soil moisture, light (primary 
prodn), C:N and pH

3. Exploring feedbacks and interactions in 
ecosystem experiments (EPRECOT 
project) and EU ecosystem observatories 
(new EU EXPEER project)

Primary 
productivity

Soil 
moisture

Soil quality

Soil carbon 
sequestration

Plant 
community 
composition

Water 
regulation 
(flow and  
quality)

Ecosystem 
services

Outputs 
from Jules

Soil carbon



1. Use of ‘UKCIP08 Scenarios’ to determine the potenti al impact of 
climate change on thepressures/threats to soils in Eng land and Wales

• Threats to soils are:organic matter decline, erosion, compaction, 
salinisation, landslides, sealing, contamination and declining 
biodiversity 

• Review and identify criteria for selecting candidate models

• Modify UKCIP09 scenarios for input to models and use to assess likely 
response of soil functioning

• Collaboration between Centre for Ecology and Hydrology, Bangor; 
ADAS Wolverhampton;Scottish Crop Research Institute (SCRI); Leeds 
University; Centre for Ecology and Hydrology, Wallingford; British 
Geological Survey; Aberdeen University
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SALTMED

ECOSSE

Workable days

RWEQ
PESERA

PSYCHIC
VSD

MODEL

JULES

HadRM3
ensemble
members

DRIVER

Downscaling

Downscaling

VARIABLES

Radiation
Precipitation
Wind speed

Humidity
Temperature

Net primary
productivity

Soil moisture

Jules as a source of driving variables for specialist 
soil models



Use of Jules to provide soil moisture data to forecast 
change in workable days 
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Empirical niche models for predicting plant species composition change in 
terrestrial vegetation in response to multiple drivers are now available for 
most higher plants in GB and many lower plants 
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Smart et al. (In Press)

2. Proving driving variables for predicting vegetation 
change 
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Soil 
chemistry 
and soil C  
module

Plant species 
and biodiversity 
module

Primary 
productivity 

Climate

Hydrological 
module

JULES

MADOC

SUMO

GB MOVE

Land use / 
management

JULES

Water 
routing   
module

Next steps – more soil parameters into Jules and 
introduce more ecological feedbacks
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3. A potential tool for ecosystem observatory and experimental scientists. 
Mutual benefit as data to test performance of models

• ESF funded ClimMani  project is building 
database of all climate change manipulation 
experiments in EU

Linked to
• N America ‘Interface’ project which brings 

together N America climate change 
experimental scientists (Feb meeting)

• Meta-analysis underway for all precipitation 
experiments

• EPRECOT prroject tested four ecosystem 
models against experimental data across 
different climatic zones

Beier et al. 2004 Ecosystems 7:583-597



Exploration of sensitivity of four ecosystem models 
models using experimental data



Directions of change in Net Primary Production under different rainfall 
scenarios, for the seven experimental sites in water limited (“Lim.”) and 
water-unlimited seasons (“Unlim.”)

The symbols refer to: ­ ,� NPP ³ +10 %; ¯ , � NPP £ - 10 %; · , +10 % < � NPP < - 10%. For each case, the results from the four models are 
indicated (order: LPJ, ORCHIDEE, TECO, DAYCENT). ). 
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Proposed Jules application to 33 new EU ecosystem 
observatories (EXPEER project) 
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Why Jules?

• Runnable at multiple scales

• Not limited to particular habitats or soils

• Integrates well with climate data

• Established community model

• Includes fundamental ecosystem components 
and enables feedbacks for integrated 
ecosystem science

• Lots of infrastructure and routines available


