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Summary

= Brief overview of ECN

« Integrated approaches to environmental monitoring and
research

» Multi-scale approaches within the UK
* Networking LTER: site- national-continental-global integration

= Analysis: ECN in relation to

- Biodiversity and climate change




The UK:
Many people, much urbanisation, intensive agriculture,
continuing economic growth

landscapes are highly
modified by human activities

* Multiple drivers and pressures
affect the state of biodiversity
» Multiple stakeholders




Public, policy and media concerns
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UK Observation and Research Hierarchy
for ecosystem research

Intensive/ €
process based

88 1992 1996 2000
ar

7
Wide-scale survey
e.g. biological records, countryside survey '\




Land Cover Map 1990, 2000, 2007 f

Comprehensive UK coverage

Vector data set containing 6.6
million land parcels (segments)

0.5 ha minimum mappable unit
Widespread Broad Habitats

Landsat




Uses of Land Cover Map data

ﬂ Atmosphere & climate . .
_‘ mpss Agriculture
change s

Marine & coastal

aﬁ Ecology & conservation




Changing methods

@ aser-Scan




Land (Rgusasmigs ILE Land Sample-based field
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Countryside Survey:
field survey sampling strategy

www.cs2000.org.uk

32 environmental strata

Sample size
(km squares)

1978 256
1984 384

stratified
random sample

Based on OS data, climate,
soils and geology classified
to give 32 land classes



Components of the field
survey
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e Evidence that the condition of
habitats declined since 1990
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State of the Environment
UK Sustainable Development Indicators

Indicator: Trends in plant diversity

Changes in mean species numbers within major vegetation groups: 1978 to 1998

Crops,/weeds

@ HM Government

Moorland grass

Heath/bog
\ . \ Upland wooded ¥
) Secauring the future '), W 1978-90
V4 u swatagy Lowland wooded

B 1990-98
Infertile grassland

Fertite grassland

Tall grass/herb

-15 -10 -5 o 5
Percentage change 1978-90 & 1990-98

ally significant changes

=2 the decline in UK wildlife and habitats



CS Research Agenda...

= What has changed?
..SIGNAL DETECTION

= What caused the change?
..SIGNAL ATTRIBUTION




C YSIPE . : :
sggmzm Changes in Habitat quality

—a— |nfertile
grassland

—o— Upland
wooded

Upland
grassland

v)
(%]
()
c
=
(&]
=
wn
@
(&)
]
Q.
w
c
©
()
=

90

Year of survey

e Evidence that the condition of
habitats declined since 1990

1998 (7 _sp-eci’es)



Key questions - solls
(and measurements)

= [s soil carbon changing and what are the drivers
« LOI, organic C

= |s recovery from acidification continuing?
° pH

= |s eutrophication continuing?
» %N and available-N




Changing states - solls

Clear evidence of recovery
from acidification

Countryside Survey 2000
Mean change in soil pH from 1978 to 1998/9

767 soil samples (0 - 15 cm depth) from fixed locations across GB N a‘ti O n aI m ap of C h an g e
i in soil organic matter

0.30
0.25
020 content
0.15
0.10 m
0.05
0.00
@ 8] ) @ &
e & vl A &
3 8 g S S

0.50
0.45

mean change in pH (+ 1 s.e.)

NB: - %.ﬁ
& & & & & Suggest -
ST—— Soil carbon p & " %‘“”
|S Z CI:
Black et al., 2003. J. Env. Manag. | increasing T 1998
insome __ 2o —H

S G First ever national survey of
A:{'“ invertebrate diversity




New Methods for Looking at Change
CS2007 and Molecular Ecology

S -

Use of molecular
techniques e.g. high
density “microarray
technologies” to assess
multiple taxa and
relationships to ‘soil
quality’




CS Research Agenda...(2)

= What caused the change?
..SIGNAL ATTRIBUTION

- Land use change - agriculture & forestry




Are nitrogen inputs from the atmosphere a major driver

of GB vegetation change?
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Are non-native species a problem?

Non-native species often have a big
local impact ...

“"_ || Number of non-native

i pemmmp‘e,%é .... but are not yet a big problem in

square & the wider countryside.

s 110 @ 340
e 120 @ 4150

Japanese knotweed is not
significant in CS




CS Research Agenda...(3)

= Do the changes matter?
..UNDERSTANDING CONSEQUENCES FOR ECOSYSTEM SERVICES

ey

sape-and wildlife
tourism




COUNTRYS:2S

m Loss of Biodiversity

Declines in arable weeds




|_oss of Pollinators

Decline of bumblebee forage plants
1978-1998

in CS plots (£ SE)
B o o«




Sustainable Land Management
Research and Advice

= Prescriptions for sustainable
rural land management under
agricultural reform

= Catchment management

= Capacity for renewable energy
production




CS & Energy Issues

Environmental capacity to provide energy

= CS provides info for:
« Carbon inventory
« Wood energy

« Novel biofuels

« Wind turbines




CS Research Agenda...(4)

= Forecasting and managing change?




Integrated assessment framework

Human well-being Responses
* Material needs | scciesssssess > » Economic
* Health « Socio-political
* Good social relations « Scientific and technological
« Security « Cultural
Freedom of ch

|

Drivers of change

. « Land cover and land use
» Regulating « Climate change

* Cultural * Technology use

* Supporting « Inputs (fertilisers, etc ..)
« Natural drivers

How will ecological impacts of different pressures translate

Into effects on ecosystem services?



CS & Natural Resource Management

How will ecological impacts of different pressures translate
Into effects on ecosystem services?

IMPACT:
PRESSURES STATE (from CS) Effects on Ecosystem

Services and
Natural resources

Vegetation | »| Biodiversity
/V \
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Countryside Survey 2007 - Informatics

data brought together to deliver robust
information - quickly.

R g o

Change in length on near features in GB




CS 2007 - Conclusion

L

STRENGTHS

= Large-scale, long-term policy relevant survey
« cross-sectoral policy development
« links field and remote sensing data

= Science outputs and potential
« major trends and pressures in the countryside
- implications for key ecosystem services




UK Observation and Research Hierarchy
for ecosystem research

UK Environmeatal Ghange Network

Intensive/
process based

Wide-scale survey
e.g. biological records, countryside survey



UK Environmental Change Network

Rationale and Mission Objectives

1992-

e Collect high-quality long-term data from a UK
network of integrated monitoring sites.

e Disseminate data, information and research products
of uses in science, policy and the

ta to detect and interpret env



The UK Environmental Change Network

14 sponsoring and Monitoring and research to detect and interpret environmental change
9 research
organisations External use:
Direct Web-to-database
54 SITES access for users in science,
T eorrertril and Fresirmntoc tiive | society and education

ISSUES
Climate change

Atmospheric pollution
260 MEASUREMENTS CENTRAL BN

driver and response variables
since 1993:standard protocols DATABASE Wa'_:er FESOU.I'CGS
| WWW. ecn . aC . u ‘ Trands in log Sulphate







Integrated measurements of
pressures, states and ecosystem services

Terrestrial Protocols Freshwater Protocols

Meteorology Surface water chemistry
Atmospheric Chemistry River discharge

Surface water flow & chemistry Continuous pH, temperature,
Soil solution chemistry conductivity & turbidity

Precipitation chemistry Temperature and dissolved oxygen
Soil surveys profiles for lakes

*\/egetation surveys Chlorophyll a

Linking the cause and effects
of environmental change




Detecting and attributing change

The value of ECN/LTER Sites




Environmental Change Network
at
Moor House — Upper Teesdale
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ECN Moor House
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Climate effects

Foot and Mouth



Climate Effects? - Butterflies
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Grazing
Rabbit Density at Moor House

35000
O Autumn
30000 B Summer
O Spring
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c
o
o
© 20000
)




Experiments
Grazing Removal Plots, 1954 to 2001

Burning Plots, Established 1954

Carbon Dynamics and Moor Burning




ECN Moor House:

Multi-functional multi-partner research platform

Organisations Working at Moor House in 2005

Glasgow University @ ® CEH Edinburgh

Moor House
Upper Teesdale

~ ® @ Durham University

(Biology, Geog & Earth Sci)

Main Research Areas Since 1996
CEH Lancaster

Peatland carbon dynamics Lancaster University § ® \ork University
Effects of land management (AR ey ® Leeds University
Stream sediment dyhamics @ Manchester University

Biogeochemist University of @

-

@ CEH Wallingford

¢ Reading U-niver'sity

Portsmouth University



Ecosystem Services - Climate Change Mitigation
Are UK upland peats a sink or source of carbon?

Dissolved Organic Carbon in Peat at Moor House
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Detecting and attributing change

The value of UK Networks




Long-term changes In lake
ecosystems: trends, causes &
consequences




ong-term data on 1akKes
IN Cumbria

Over 300 lake-years of data: at least fortnightly
(previously weekly or fortnightly) from:

NIM 045- Windermere NO N RAacin

Image © 2006 TerraMelrics

FRESHWATER
BioLocicaL

ASSOCIATION




Examples of data

Measurements include:

®Profiles of water temperature & O,
ELight penetration

ENutrient chemistry

B Phytoplankton species & abundance
B Zooplankton
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Regional patterns- the North Atlantic
Oscillation & winter weather

Positive NAO

MAQ Index (Dec-Mar) 1864-2003
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Differential sensitivity

0.8 - B North Basin Windermere
B South Basin Windermere

E Esthwaite Water
OBlelham Tarn
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Changes In timing of events

180 Esthwaite Water, Cumbria
£ 150 -
£
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Match-mismatch?

North Basin Windermere

200 - ° _
e Daphnia max
180 - * Phytoplankton chlorophyll
= e Perch spawning
S
2160 -
S y = -0.40x + 953.23
§140 - R*=0.24
y =-0.31x + 760.20
1207 R’ = 0.43
y =-0.16x + 450.65
100 | | | | | R2=0.10

1920 1940 1960 1980 2000 2020
Year



Current work & future prospects:
|| —Forecasting lake responses to perturbatign

Emission
scenarios

General circulation
models (GCM)

\
()
J

Chlorophyll a (mgm

1 51 101 151 201 251 301 351
Day of year



Conclusions

B Long-term data are invaluable in documenting how lakes have
responded to perturbation in the past and forecasting how they
may respond in the future

B Weather patterns (Gulf stream, NAQO) will influence lakes
regionally

B Not all lakes will be equally sensitive to given aspects of climate
change




Are we losing biodiversity? Why? And so what?

LTER sites measure biodiversity, pressures and
ecosystem services.




FROGS - CLIMATE EFFECTS ON LIFE HISTORY
Trends in breeding dates. Overall extension of breeding season

day of spawning

Congregation

541x +4978
3156

1994 199 1908 2000 2002

Year
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1994 1996 1908

—— e
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day of spawn
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Hatching
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Towards indicators of Climate Change Impacts

Effects of 1995 drought on insects in the UK
(Data from 10 ECN sites)

Number of species
in drought vear

Increasing | Decreasing

Butterflies Beetles



Changing Distributions — increases in “Southern” species

Freshwater sites
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Carabids — Trends 1994-2003
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Climate Impact Indicators
“A Biodiversity Strategy for England”

’ DETR

INDICATORS OF CLIMATE
CHANGE IN THE UK

Working with the grain of nature

A biodiversity strategy for England

“Indicator C1: a climate change
Impact indicator based on changes

Depatment for
Ervironment,



COUNTDOWN |
2/0/1)9 Biodiversity and climate change e

e UK & European Policy Context

SCOTTISH
HATURAL
HERITAGE

LAY

DEFRA =\

Department for ENGLISH
Environment, NATURE
Food & Rural Affairs

1. Will climate change prevent us meeting our legal
obligation to protect wildlife in designated sites?
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Targeted Monitoring Network — Design

Compare sites In:

High v low climate change areas P
High v low atmospheric pollution ; %ﬁg’ A 5
P, 7
Measurements A e
= +, . lTerrast_r.a!EoNS.t.
* Climate s -
« Air pollution “ﬁgﬁ}; r}\g
« Wet deposition - pH, nitrate, ammonium, sulphate "+ %\W_ \
« Ammonia concentration - diffusion tubes Al s e X




LTER: Demonstration & Research Sites

Sites for science, training and education




Knowledge Management &
Communication in ECN




Educational Outreach

The “Climate Change Explorer”

working with artists and schools to inform people about climate change

Climate Change Explorer '

Click here for links to other websites

Enwironmental

Are People to blame for Climate Change? ~ jonee

monitars lots of

What might happen around the world? differsnt sites
aaaaaaaaa

Butterflies and climate change country to see if
Find out more about Global Warming i Chan;,ing_m

nar Wateh 21 2




Open Access to Data

‘A Environmental Change Network (ECN) Home Page - Microsoft Internet Explorer

File Edit View Favorites Tools Help

The UK Environmental Change
Network

Data, monitoring and research to detect and interprg

Fnvironmental change

What'y New

ECN is organising a
research workshop
focussing on- Information on our objectives, sponsors, sites,
"Climate Change: measurements, database and how to contact ECN__

mpacts and

Interactions”.

Free online access to ECN's summary data is
Applications can also be made to access thy

ECN is developing ; , - i

plans for a new Climate change, water quality and biodiversity . N is playing a key role in the development of
e indicators have been developed using ECN data. %{maﬂ long-terg\esearch networks - LTER-
network to assess Eur ATLTER-NET.

T et a_c g < aé

climate change and : 3‘
atmospheric A . a
pollution on E

®itensive database on publications relating

’ ‘ : sites. Back issues of our newsletter are also
malble

for Ecol and rel on behalf

oMfent Research Council and is sponsored by:
DARDIMI, DEFRA, DSTL, EA EHS, EN, FC




Summary Data - trends

A select Sites and Measurement Codes

Microsoft Internat Explorar

Flle Edit View Favorites Took Help

Qeak - © - ] (&) (| Psearch Poraverits @ - @ - DS

Address [€ o fwww.ecr. o bk Datebiss fget_sardim ssplst=T

ECN Summary Database

Tervestrial Sites | RiverSites | LakeSites |

Use these buttons to switch between ECN's terrestrial, river and lake sites. Then choose a sitels and a measurement from the lists below.

e.g. Water Quality
Dissolved organic carbon

— e e ) -~ e e — e =
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Joining up data for ecosystem and climate
Impact research

from data to knowledge for environmental management and policy.

European databases Global
ECN & UK
databases ALTER-Net US Networks  Networks
= (EU Framework VI) 7
Data & LTER
Information 4
Resources f il
AT D
AN A A
N I '
Data Grid Data Grid Technology
Services uniform access to heterogeneous distributed databases

meta information; security; semantic mediation

Public
Understanding



Detecting and attributing change

International Networks




European Networking for Biodiversity and
Ecosystem Research: capacity building

-how and why is biodiversity changing?

| LTER Sites =—p - forests, inland waters

- site management recommendations

National
Networks

 inform national action plans

- Assessment of policies



Knowledge from European LTER sites

Examples:

Responses:
management and
policy response

A UK: _ |
v.  trends vary | options e.g. habitats
across the directive, water

framework directive

ooooooooooo

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Long-term
ecosystem research

across Europe
g I— N\




Adding the human dimension

Decisions affecting biodiversity must take into
account the social, cultural and political context

A network of sites in which social
scientists and ecologists work
together:
*Deliberative events
~ | ePublic attitudes
*Conflict resolution
*Policy

4 e |
i umimED
FLANE.  KinGEo!

...............

EEEEE




The DPSIR Indicator and Research
Framework

Drivers:Pressure:State:Impact:Response (DPSIR)

socio-economic
DRIVERS of biodiversity los

(e.g. energy use,
transport, land use

-------
"""""
. "
. -
* ‘e
‘e
‘e
e
-
3

The
Human
RESPONSE
Policy, ecosystem

PRESSURES for
Change e.g. climate,
land management
utrient enrichmen

STATE of YMPACT on

biodiversity ecodystem goods &
: services



Global Networking of Ecosystem research sites

ILTER Sites

.. Regional

local "X Networks



Some Global Drivers

= Millennium Ecosystem Assessment:

need for scientific information on the
consequences of ecosystem change for
human well-being and options for
responding.

Human
well-being

I

Responses

|
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ILTER and Ecosystem and Biodiversity
Research: Long-term ambitions

To provide a global infrastructure for process
based research, observations, and training

relevant to global change and sustainable
development issues.




Some priority research questions based on national
responses

Synthesis from ILTER, Mexico Nov 2005

1. What are the effects of key pressures and their
Interactions on biodiversity?

« Climate change, air pollution (N,S), land use change (including
GM crops), grazing ......

2. Relationship between biodiversity and ecosystem
services




ILTER — The Future For Global Ecosystem Research

The International Long Term Ecological Research Network

I Official ILTER Networks
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