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SUMMARY

TheEFSA fASci ence20sltéroatiedyeynt2i0flized Post Mar ket Mo n
requiring further methodological development in order to support the evaluation of regulated products.
Post market monitoringims to identify changes and trends in ecological indicators as a consequence

of an unexpected change in thevieonment. This could be, faxample, a result dhe release of an
authorised product which showed no cause for concern in an environmehktalssessment. The

nature of PMEM and the unexpected influence of environmental factors, imply that no new
monitoring is put in place in order to track an effetherefore, ® analyse the influence ahy

individual factor one must rely on Existing Suiillance Networks (ESNs) and the data they collect. It

has been suggested that these networks have the potential to evaluate the impact of regulated products,
identifying unanticipated adverse effects on the environmknis possible, with afocus on
appopriate indicatorsaand with specific analyse$o explore the capabilities and the limitations of

ESNs and theipotentialpower to detect changEor this information to provide useful guidancelan
recommendations for PMEM, both the statistical methodetognd the existing data sources need to

be identified and reviewed.

To fully review the statistical methods and data requirements needed to support PMEM of agro
ecosystems, we:

e Performed a literature review appropriatestatistical methodology;

e Collated an inventory of statistical approaches;

e Created an inventory of environmental data sources;
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e Assessed the power that available data sets have to detect any potential effect; and

e Provided conclusions and recommendations based on our findings.

A literature review of statistical methodologies used in the field of agro ecosystesnsonducted

and results saved, though this offgnvided search criteria that were too wide and generic to establish
sufficient detail on appropriate statistical methodolsgi€hereforean assessment and review of
methods was made using expert knowledge and this was externally reviewed by a group of
international statisticians. This revietogether with all references to the relevant statistical literature,
formed the basi$or the statistical methods considered in work that followed and the basis of the
statistical inventory.

These selected methods were then emsdessed for their use within the field of agro ecosystem
science and for the comparative power to detect clsaimge specific indicator over time. This was
conducted in two stages. Firstly literature review to establish the sources and applications of each
statistical method and thesecondlya simulation study to look at the power of each method to detect
charge under differing scenarios. The literature review found thetmost referenced statistical
method in the field was generalised linear models, whereas more niche and bespoke methods were
rarely cited in the relevant literature. The power analysis shahvatdunder differing scenarios,
different methods perform better, for example 4panametric methods perform better when data is
sparse. Guidance is provided in this report as to when to use certain methods.

The inventory of environmental data sourcesswampleted using an online web based tool and a
separate excel spreadsheet of this inventory has been provided to EFSA. The inventory contains
detailed information covering indicators across a whole range of categories from humanohsailth t
function. The detail collected in the inventory on differing aspects of ESNs enable us to define and
search for networks that meet certain criteria. Idealised criteria were defined that demanded a network
to have:

e Europeanwide data

e Multisite, even distribution ofites

¢ Observations at least annually

e Standard protocol

e Protocol well documented

e Trained surveyors

e Validated data

e Analysis method well documented
e Access to raw data

Querying the inventory showed that there were a number of ESNs that met this criterienead h
would provide sound data for use in PMEG®NVer 500 networks have been entered into the inventory
covering 27 different countries across the EU.

A detailed power analysis showed that there are existing ESNs that, under sedaarios,
demonstrateihgh st ati sti cal power to detect a fAtreatn
presented that allow for simple and quick estimation of power given a particular scenario and the
details of a specific indicator as measured by an ESN. These equatiopied with the details from

the particular ESN as contained in the inventory, enable quick assessment of the suitability of any

ESN in PMEM.

In light of the evidence presented, recommendationshe future of PMEM were made. These
included: highlighing the importance of surveyor training / quality control of field surveys; the need

to link results from statistical analyses to more experimental / causality based work; the importance of
keeping the ESN inventory up to datmd clear guidance on sches that are useful and have
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sufficient power for PMEMMany of the recommendations presented relate to the need for increased
standardization of data collection, availability of documentation, collaboration across networks,
supporting established networkigveloping new networks and keeping track of all networks.

Ultimately, we conclude that there exists data collected by environmental surveiletmarks that
havegreat potential to increase our investigations into PMEM to assess the unforeseenecmesequ

of some change in the agro ecosystem on the environment and, coupled with additional investigation
and experiments, to potentially enhance our ability to avoid such consequences.

KEY WORDS

Statistical Methods, Trend detectidanvironmental Sweillance Network(ESN), EnvironmentalSurveillance
Programme (the ESPPostMarket Environmental MonitoringPMEM), Protection goal,Influencing factor,
Inventory, General Surveillance, Genetically Modified Organisms (GMO), Post Market Monitoring,
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BACKGROUND AS PROVIDE D BY EFSA

EFSA fSci enc e2 0sltbesaitieatifjegd PadtOMatket Monitoring (PMEM) as an area
requiring further methodological development in order to support the evaluation of regulated products.
PMEM aims at identifying possible unanticipated adveaf$ects on the environment which were not
anticipated in the environmental risk assessment prior to the authorisation of products for use within the
agro ecosystem. Environmental monitoring networks have been established at European, national and
local level in order to measure biodiversity and other key indicators related to environpreneation

goals and ecosystem services, therefore it is recommended to make use of existing monitoring data for
PMEM. Most importantly a holistic and integrative apmtodor PMEM should be developed which
considers PMEM within a framework of general environmental protection monitoring within the EU.

Environmental monitoring is included in a number of EU directives and regulations:

A Member State r eEpvranmnent Ageocy (EEA) unéien e.qo theeCGouncil Directive
92/43/EEC on the conservation of natural habitats and of wild fauna and flora (Habitats Directive) and
the Council Directive 2009/147/EC on the conservation of wild birds (Birds Directive) which are
combined under the Natura 2000 framework; Council Directive 2000/60/EC establishing a framework
for Community action in the field of water policy (Water Directive). These data, and other
environmental datasets, are collated using the EEA ReportNet fraknand made publicly accessible

via the Biodiversity information system for Europe (BISE) platform.

A Bee health surveillance data collected under
reference laboratory for bee health, laying down additioesponsibilities and tasks for that laboratory.

A Data collected to support the assessment of p
concerning statistics on pesticides and Directive 2009/128/EC establishing a framework for Community
acfion to achieve the sustainable use of pesticides.

A Data on plant pathogens and pests collected wu
against the introduction into the Community of organisms harmful to plants or plant products and
against heir spread within the Community

Agricultural systems display considerable dynamics in time and space, change in the environment is
natural and variation due to natural effects may be substantial. For monitoring networks it is important
to define the sizef biological change that is biologically relevant prior to commencing measurement
activities to ensure the survey design has the power to detect such changes (Statistical Significance and
Biological Relevance). Plus for ecological and environmental mamgodetermining whether an
observed change exceeds existing variability can be difficult especially as multiple stressors are present
in agro ecosystems. For this reason sophisticated analysis methods would be required to support
PMEM. Comparative methotimgies such as Before After Control Impact (BACI) design, multi

criteria and Observational and Simulated Evidence approaches have been recommended to support
PMEM. However the success of any statistical approach is dependent on the availability ijnadfqual

the data used for the analysis. The temporal and spatial frequencies of the monitoring observations are a
critical component of data quality assessments.

TERMS OF REFERENCE ASPROVIDED BY EFSA

This contract seeks to investigate whether data obtaifiein existing monitoring networks and
programmes can effectively contribute to PMEM of new and existing agricultural products authorised
for use within Europe.

The specific objectives of the contract resulting from the present procurement procedure are:
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AReview of published statistical methods used in the analysis of ecological and environmental
datasets to

i. determine whether observed change exceeds existing variability
ii. investigate spatial correlation with environmental stressors

A | nvent asticgl apprbaches tim ecological and environmental monitoring and
identification of data requirements for the items in the inventory

A Ilnventory of European, Nati onal and Region
according to a criteria definedybthe analysis methodologies data and survey design
requirements and data quality standards

A Recommendati ons of t he most appropriate a
available environmental monitoring data in Europe (EU 27 + Norway and Iceland).

This contract/grant was awarded by EFSA to:
Contractor/BeneficiaryCentre for Ecology and Hydrology

Contract/grant title:Review of statistical methods and data requirements to support post market
environmental monitoring of agro ecosystems

Contract/granhumber:OC/EFSA/SAS/2012/02
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INTRODUCTION

Europe has well developed Environmental Surveillance Networks (ESNs), many of which have
extensive coverage and long term data sets. These networks are used to report on the status of the
environment. It has baesuggested that these networks also have the potential to evaluate the impact of
regulated products, identifying unanticipated adverse effects on the environment. One example of this is
the potential of ESNs to contribute to the General Surveillance ¢&8gnetically modified (GM)
organisms: particularly GM plants released iagro ecosystems. The aim of GS is to identify any
adverse effects that are unanticipated after a rigorous environmental risk assessment, so there is no
specific hypothesis linkinghe intervention (e.g. GM plant) to the measurement endpoint (e.g.
abundance of a species of cultural or conservation significance). Consequently it is logical to select
measurement endpoints that are good indicatoagmfecosystem health (or harm),casuch endpoints

will therefore have broad applicability in detecting adverse impzsaised by a range of interventions,
including changes in agricultural practicggro chemicals, the uptake of other novel crops etc. In
conclusion, the outputs from ESNsuld have broad and significant poliegnaking influencewith

respect taevaluate the post markenvironmenimpactof regulated products.

However, it is important to select networks, and measurement endpoints within networks, that will
genuinely inform lhe observer, against the background of environmental variability and other external
pressures and drivers. It is now wedtablished in the scientific peeviewed literature that certain
changes in agriculture have adversely affected biodiversity, alatesources and some ecosystem
services in lowland agricultural habitats to varying degrees across Europe over the last 50 years. The
evidence supporting this has come in part from existing ESNs, supplemented with more detailed
experiments and observatito link cause and effect. In the absence of more detailed studies, it can be
more difficult to determine the impact of individual drivers as many operate synchronously, and for this
reason, ESNs have not been used routinely to investigate relationgtipseb cause and effect.
Despite these challenges, it is possible, with a focus on appropriate indicators, and with specific
analyses (e.g. BefoiieAfter, Controli Impact or BACI design, mukHgtriteria, paired comparisons and
other analyses) to exploreet capabilities and the limitations of ESNs and their power to detect change.

Two important elements of such a study should be a) the size of change that would be considered
biologically relevant; and b) a consideration of the power of the proposedianalgstect change. The

first is a judgment that may be based on a degree of expert opinion, but which may be informed by
knowledge of the proximity of a resource or species to defined limits or thresholds. Once the magnitude
(or range) of change thatiit necessary to detect has been determined, then a power analysis can be
conducted for each measurement endpoint, network and analysis method. This will allow the probability
of detecting that observed change to be determined. In many, if not most,thasasalysis of the
influence of a new agricultural intervention upon a specific measurement endpoint will conclude that
there is no statistically significant effect. This could mean one of two things: that there is no influence of
that driver on that endjnt; or that the driver does influence the endpoint but the analysis has failed to
detect thisIn the absence of a power analysiss difficult to distinguish between these two possible
conclusions.

To fully review the statistical methods and datauiegments needed to support PMEM of agro
ecosystems, we: perfoad a literature review of statistical methodology; colthin inventory of
statistical approaches; credtan inventory of environmental data sourcassessd the power that
available dataets have to detect any potential effect; and pralim®clusions and recommendations
based on our findings.
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1. Literature Review of Statistical Methodswith potential for PMEM

1.1. Introduction and Objectives

Thefirst objectivewasto assemble a datatm of Iterature incorporatingtatistical methods utilized in
ecosystem monitoringf organisms and the environmenthichcould be used to inform policy makers,
regulators and scientists, on the post market impact of EFSA regulated products and other substances.
These products include, for example; genetically modified orgenikerbicides, pesticidefgrtilizers

and feed additiveg he aim was thahe statistical methods identifiederesubsequentlynvestigated to

assess their statistical powand usefulnesfor conducting posiarket monitoring of product impacts
onagroecosystemsrThis follows in Section 2.

It has beemproposed that Environmental Surveillance NetwoikSN9 could be utilized to assess the
impact of products released int@ro ecosystemsESNSs fit into two broad categories; the neor
systematic networks, whetecatiors of assessment sites followpaedetermined geographicstrategy
and aremorelikely to be regularly assesség trained assessorand norsystematicnetworks,where
sitesare selected bydividual Citizen Scientists, enthusiasts and volunteer grdepgnding upon their
interests and where thdiye and are less likely to be regularly assesgst ®ction 3for a more
detailed discussion of the network3here arerelatively few systematicnetworks such as the UK
Countryside Survey (Caregtal. 2008) as these are expensive to set up and maintain butaitheglso
more likely to include abiotic measurementsy(eveatherand physical and chemical characteristics).
The ron-systematimetworks such as those covered by Citizen Science activities €Raly2012) may
be widely distributed but the results may be biased by geograptegion, habitat quality aspecies
abundance as the sites @m@metimesselected by indidud preferenceqFreeman et al 2007 The
impact of these different types of netwsrknd theirrelative sensitivityand utility for assessing the
impact of products and policies on organisms and the environmemirigartantconsideratiorwhen
assessig thepower ofstatisticaltechniquegor PMEM.

To find potentially useful literature describing statistical metha@sconducted a systematic literature
search inWeb of Knowledgeusing a number of search terms suggested by people active in
environmentakmonitoring It became clear that (a) the search terms suggested for the project were
returning an unrealistically large number of referertbescould not be fully assessed, and (b) sample
assessments of thiesultant publications founshowed thatthe systematic literature revieapproach
wasidentifying very few papers with any useful information on statistical analy¢esave described

the systematic literature searnchSection 12 of this reportand provided the resultsf the searobs in
appendies andas an EndNotdibrary for rderence. In light of complications resulting from a
systematic literature reviewye thenre-focusedour efforts and identified the range of statistical
techniques that would tbe most appropriate use for the typesf analyseghat would be useful for
PMEM (see &ction1.4). Thesetechniques are generally from the standard modern statistical toolbox
used across a wide range of applied disciplines. We have supplied supporting referencesemtiora

of examplepublications in which these techniques were applié® section of this report that involved

the statistical reviewwas circulated to a number of internatiorsahtisticianswho providedan
independent reviewf the documenas well as additional materidia has beenncorporatednto our

report We believe this study does give a robust assessment of current statistical practice, albeit at a
summary level, which, alongside the literature reviews conducted,ealithwe projectto achieve its
objectivesof providing advice on statistical methods that could be used

1.2. Materials and Methodsfor the systematic literature search for statistical techniques

1.2.1. Scoping the review using expert knowledge

We sent email requests to 45 experts in 10 EU countries who weesietkin posiarket monitoring
or are involved in Citizen Science studies and other ESN activiRegquests were sent fmeople
involved in post market monitoringnd whohad attended EU working meetings of Member States
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linked to GMO cultivation, or ldhpublishedagroenvironment assessments. Other expmidactedare
involved inthe establishment dESNsand theanalysis of Citizen Science networks and data collected
by them. We asked theexperts forcontributionson three aspectse believedusetll for this study

e To suggest key words that might be useful for a systematic literature review into statistical
methods useful for posharket monitoring of the environment.

e Suggest publications that would contribute to the prpjebtch wouldhelp idenify key words
for a systematic literature revieand provide examples of statistical methods that would be
useful for PMEM

¢ Identify other experts that might contribute key words for the literature review.
The suggestions for literature search terms nigdexperts are demonstrateelow (Sectiorl.2.2.3 in
the details of th systematic literature reviews.

1.2.2. Systematic literature reviews

A systematic literature reviewo find appropriate statistical techniques for PMEM wasducted
according to the methodiscorporating the Cochrane protocol established in Higgins and Green (online
version 201Iwww.cochranehandbook.orgEFSA 2010). A systematic literature review involves the
following aspects:

a) Defining the resarch question

b) Establishing the information sources

c) Identification of appropriate search terms

d) Criteria for inclusion or exclusion or search results

e) Management of the references and database of results
f) Documenting and reporting the search

In additona gy st emat i ¢ review shoul d be accessetal e, r
(2012) advised that depending upon the volume of evidasgstematic literature review may take on

average 1 year, but they also note that Khangtia., (2012) suggestl that 6 months to 2 years

research is required

1.2.2.1. Defining the research questifor the systematic literature revienf statistical methods

The main objectivavasto identify literature that describes the statistical methods used to assess data
collected through Environmental Surveillance NetworkESN9 and which might be useful to
investigate the impact of products such as genetically modified organismagamdhemicals on
organisms and ecosystems. The research question aims to conform to thenssgsicd a systematic
review see [fttp://www.environmentalevidence.org/Authors.htnThe definition of terms in our
research question aire Table 1

Our specific research question for the eysatic literature reviewvas What statistical methods and
types of data are used by environmental surveillance networks to look for evidence of change in
organisms and ecosystems?

Table 1:  Definitions of terms irthe literature searabbjectives and research gties:

Term in objective Definition of objective term
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Statistical methods Any analysis that provides a statistical test of a change in a data series

Data Qualitative or quantitative measures of population, growth, survival, abund
density

Monitoring Repeated measurements taken over a space and time and that record da

might be statistically analysed

Change Increase, decrease, decline, reduction, expansion, variation, difference, tren
Organism any living plant or animal
Ecosystems environmental type including terrestrial, freshwater and salt eajeforest, river

stream, marine

1.2.2.2. Establishing the information sources

We assessed the availability of literature for this study by performing preliminary searches tartbst se

ter ms. e Q@12 mated that many systematic reviews miss out the gray literature and
efforts to include these should be incorporated. Mofckthe gray literature and output from Citizen

Science activities and ESNse providedn local rewsletters and annual reports that arky available

to members. hegray literature ioftenrapidly out of print or not downloadable from the web site (if

there is one to support tmetwork). As Citizen Science develops into a totally web based gcthvéen

we anticipate that more of the gray literature will become publically available. Some websites
encountered such as SORA the fASearchable Ornith
of New Mexico in the USAnttp://sora.unm.eduAr e now providing HAgrayo a
|l iterature with pdfods of papers online. These f
networks ororganisms. We also investigatetp://www.opengrey.ewd system for information on grey

literature in Europe. This supplied titles and location information such as libraries that could be visited

to view documents, publishers, places where documents could be purchased or mydetied British

library, but no useful publicatiordescribing statistical techniquere found freely available. Many of

the titles of articles in the Agray Il iteratureo
given their intended audiee these publications would be unlikely to have detailed statistical
information. Google also finds many papebsit thesearchresults are not repeatable as the results
change as Google Il earns the oper at ofor éwery geareéhf er e n
attempt with Googleso we did not use Google for our systematic search

We determined that Web of Knowledgaubsequently referred to &¢oK; http://wok.mimas.ac.uk/),

which incorporates a full range of environmental, agricultural, artdenaatical literature and produces
repeatable search results, would be the most appropriate reference database for a systematic literature
searchWoK restricts searches those usinghe English language.

1.2.2.3. Identification of appropriate search terms.

The search terms supplied by the experts we contacted included very broadstermas butterflies,
reptiles, birds, habitats, biological indicatoesyd manynames of varieties of genetically modified
organisms. The ESN web sites and literature demonstized very wide range of search terms would

be required to effectively cover the range of organiamd habitatstudiedby the networksand any

changes tdhese that might be statisticalipalysableThe search terms needed woeltectively cover

the whole range of ecology and environmental studies. We also determined that we could not use
specific statistical technique or method names as search terms, as this would only have given us the
statistics that we expected to fimehd statistical techniqueseararely named in the WoK searchable

parts of the publications including title, abstracts or key words
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Our initial attempts at a systematic search based upon key words from experts and the literature they
referencedqeeSection 1.2.1suggested threearch targets that could be used as topic strings in WoK.
These would identify literature that included results from Environmental Surveillance Networks, those
that may indicate a change in species abundance, population distribution, growth or reproductive
activity, and which may be useful in pasairket monitoring ohgroecosystems. We divided the search
topics into three categories: 1) Ecosystem t{gg. agriculture, agrenvironment, grassland, forest

etc.); 2) organism typée.g. birds, butterflies,reptiles etc.); and 3) data type that might indicate
statistical analysis had been conducted, or that a change had been measured during environmental
surveillance €.g. abundance, monitoring, response, mortality, increase, decrease trend etc). We also
planned to include literature searchas topics such as water quality, soils and plant hdalththese

were not attempted before we decideddimcus our efforts away from aM{ systematic searchwe

included habitat types to target the searches towandsoamental research and to reduce inenber

of topics such as taxonomy and genetibst were judgediot useful for this study. Comprehensive
information on research terms tested for the systematic literature reviews are described further below.

To acommodate a range of formats of search terms in thE We tested combinations of formats for

i ndividual terms i ncl udi n-egnvirdnment ahd salenarshsird differdbtx a mp |
combinations with wild cards and the use of quotation marks igem gn Table 2.The numbers of
references extracted for agmvironmental ranged from-1134 and for saltmarsh 601 to 9744
(Table2). These results depend upon héweK recorded these. For organisms such as birds we added

wild cards*, so thabird would nclude songbird and birds. Terms were also truncated to accommodate
English spelling so that Iterfly was covered byutterf* to encompass literfly and butterflies. The

word and wild card combinations used for the initial searches areigivgpendix1.

Table 2: Example results after testing wild cagmbol *combinations for key word seaesof the

literature in Web of Knowledge

Term and wild card Description Number of references
combination

AAg++ienhvironmeni Wild card for connection betwee 1134
hyphen andwords and term witr
quotation marks

Agri*-*environment May have a space before or af 1134
hyphen or both

Agri * environment with wild card for space or hyphen 1024

Agri i environment Agri  hyphen environment witt 1024
spaces between words angphen

filaegrnivi ronment 0 no spaces around hyphen and 783
guotes

Agrii environment no spaces around hyphen 768

Agri*environment Wild card with no spaces betwes 9

words and wild card

fagri * envir or Wih wild card between agring 1 record = agrisystem
environment and term within quote environment

Salt * marsh Space either side of wildcard fc 9744 (also results in marsh on it
hyphen own)

Salt**marsh Space on either side of hyphen 7700

Salt*marsh No space on either side wfildcard 602
for hyphen

Term and wild card Description Number of references
combination
Saltmarsh One word 601
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1.2.2.4. Criteria for selection using search filters and exclusion search terms.

The agreed search period was 2002 to 2012. In addition to the teanshdescribed above, we refined
WoKsearches by AResearch Domainsod such as Scienc
such as biology or plant sciences or forestry or mathematics. Further details are described below, but in
general we found Hit:

e refiningt o Research Domain fAScience and Technol o
social orientated references obtained.

e refining to Research Area within the Researc
resulted in different filter list of Resarch Areas to select from that depended upon the search
terms used so that *bird* may produce a different set of research area filters to select than fish*
which makes these searches inconsistent. Most searches reported here were conducted without
AfResdamrrea filterso unmppendis3. ot her wi se indicat

o references thatoncernedNA, taxonomyor genetics were excluded using a NOT term in the
search as these would be unlikely to contribute to ESN data.

1.2.2.5. Management of the references and databasesalts

Referenceswere primarily managed usindendNote 5X software which has sufficient capacity for
holding thelargereference libraries. The librariese stored onsecure CEH networks with automatic
backup together with their associated databageilicationsandcopiesof thereferencdibraries have
been delivered as a key deliverable alongside this report

The searches using the criteria described above froi {ivi English) were saved iseparateEndNote
libraries (exported 500 referencesaatime). EndNotewasthenused to search for and automatically
upload documents (searches fmifs of publications can only be done 250 rekrence at a time).
Documents not found automatically by the EndNote search thal looked as if theymight ke
especially useful werdooked for individually andif available manually uploadedo the EndNote
library. All available WoK information including number of citations was stored. Key words, numbers
of c¢citat i on she lacatibn obJtRghublisatorf location were also included the EndNote
library if provided through WoK.

e an EndNote libray has been created with separate groups within it, to datifferent search
selections and stages in the reference selection process.

e custom groups in EndNetare used to demonstrate different searches.

e automatic removal of duplicates that sometimes occurs when WoK uses different datesases
achieved using EndNote tools.

e books and book chapters produced by WoK search results were not individually looked for.

e some eferences that from title and abstracts we believed were unlikely to describe statistical
methods. (e.g. notes on individual occurrences of organisms, distribution maps without analysis
etc) were rejected.

e some eferences where we were confidentnirditle and abstract that were not about an
ecological or environmental topic were also rejected.

For non systematic searches, where we obtained references from web sites or annual reports and
newsletters, the references were either input into EndNoteaiynor searched for in YK andthe
referenceinformation exported to EndNoteFor manually entered papers sorok the reference
information may not be available.
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1.2.2.6. Documenting and reporting the literature searches

This report describes the literature reb@s that produced the final database of literature references
obtained by therojectthat have been provideas an EndNotelibrary. The EndNotelibrary is divided

into separate groups for the different searchesatlgasummarized ifiable 3,with further detailsabout

the individual searches that producedlthearies inAppendicedl-3.

1.3. Information on the literature searches conducted to prepar¢he reference library for the
statistical methods

We conducted a systematic search in WoK in an effopréduce a library of references that should
contain useful publications with information on statistical methods, and that utilized the type of
information collected bYESNs These initial WoK searches used key word search terms suggested by
experts and resaled in ESN literature (see details below and AppeBiixVe followed this initial

attempt with a series of systematic searches to refine the reference list results to manageable proportions
and to remove irrelevant publicationd/e also conducted non stematic searches for documents
displayed on ESN web sites (see details below) and compiled references suggested by project members,
colleagues and experts.

The literature searches conducted are here divided into five types of which three were considered
systematicsearches using WoK, and two that were consideredsystematic. These five literature
search types are:

e systematic searches in WoK using key words suggested by project members and other external
experts and selected from ESN literat(see 13.1)

e systematic but restricted searches in WoK using organism type and very few keywords that
might indicate statistical methods are described and a change was deseett® 2).

e systematic searches in WoK using the name of the network as the sear¢heiek.3.3)

e non systematic searches for literature that were advertised on, or could be obtained from the
network web sites or by seeking publications referred to on the specific ESN w@h3site

e non systematic searches for publications that weggested by project members, colleagues
and experts that had been contacfie@ )

1.3.1. Systematic searchesf WoK using key word search terms suggested by experts and from
initial checks of ESN publications

We tested a range of systematic searches usinghséanms obtained from experts and ESN
publications and describe five examplhese:

e initial searches using suggestions from experts and 3N publications Appendix 2)
produced over 5.5 million references (Search ternfpipendix 2).We restricted theearch to
the Research Domain AScience and Technol ogy?o
ensure combinations of organism types, AND ecosystem types AND terms for data collection
and analysis of change. Although this result undoubtedly included soiplicates, there were
too many references to export (500 at a time) from WoK into EndNote to find the duplicates

e using the same searches but filtering the Research Domain, Science and Technology, and one
Research Aread. Environmental Sciences anddogy, gave 1,098,303 references. Using this
Research Area filter may also have missed statistical computational and mathematical
references. As an example of tests the effect of filters with the term environm* monitoring
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produced 60,100 refs, filteringytscience and Technology 59,864, filtering by both Science and
Technology and then by Environmental Sciences and Ecology gave 46,144. Adding another 24
research areas filters in biology and mathematics did not reduce the number of records below
46,144 refeences.

e using the same search terms as in a) and selecting European countries returned 317,699
references, but it was not clear how the country was being searched. As much literature that
involves European research sites is not prepared only by Europtsansane decide that this
type of search was not approprigBee exampléppendix 2).

o further searches using greater numbers of Research Area Alpgrsndix 2) alsaeturned huge
numbers of references that were not useful. As noted earlier the tiijpersfthat were allowed
in WoK change according to the search terms.

e many other searches were tested to exclude a variety of literature that appeared not relevant but
still produced 2 to 3 million references. As an example we attempted to excludeotegyi
t hat covered peopl e, medi cine and veterinar
search Topics.

NOT Topic=((clinic* or medic* or veterinar* or dna* or immunology or "stem cell" or cellular or
genetic or genes or human or teenager or babyatyies or people or "human*behaviour" or
"human*ehaviout or pig* or cow* or sheep or lamb* or calf or calves or chicken* or enzyme* or
hen*))

As a result of these investigatiotisat demonstrated that a systematic literature search would not be
usefulwe conducted very limited searches with few key words to sample the literature and then adopted
a more directed approably searchingampleESNs themselve®n the internet

1.3.2. Systematic WoKliterature searches conducted using restricted search terms igcludin
organism types and limited statistical terms

We conducted further searches by organism type and very restricted key words that sagdestgd

in the population or environmeatn d i ncl udi ng the ®@BWearmmlhysésbHatissttiha
spedfically indicate that a statistical test was used (see examples below). These sysiearaties

gave few references that could be relate€E&Nsand we know from our own experience that useful
references are missing. The following are examples ofaesirsearches:

e Topic=((bird*)) AND Topic=((ecology or environment* or ecosystem*)) AND
Topic=((increas* or decreas* or variation* or difference* or trend* or reduc* or expan* or
decline*)) AND Topic=(statistic*)

This gave 5,464 references with 64 addéd i 6 metad ysi s6 was include:t
6statistico.

e Topic=((butterfly or butterflies)) AND Topic=((ecology or environment* or ecosystem*)) AND
Topic=((increas* or decreas* or variation* or difference* or trend* or reducti* or expan* or
decline*)) AND Topic=(statistic*)

e Topic=((insect* or *arthropod*)) AND Topic=((ecology or environment* or ecosystem* or
population*)) AND Topic=((increas* or decreas* or variation* or difference* or trend* or
reducti* or expan* or decline*)) AND Topic=((statistic* or'meta**analysis" or
"meta*analysis"))

NOT Topic=(gen* or dna or taxonomy or illness* or disease* or human or people or econom* or "food
loss" or cancer)
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This example for o6édinsect ofanaltyBiepPpodddcwilitdle dd am
filter to exclude genetics, DNA and disease etc., produced 845 references.

Libraries of references produced by these restricted searches were saved in EndNote and are presented
with this report $ee smmary Table 3Appendix 3.

We believe that the ralts of searches outlined in3.1 and1.3.2 demonstrated that a systematic review

using key word search terms was not a useful strategy to atatisscal methods in the ecological and
environmental literature. The results from systematic searcheseitleee unmanageabla the number

of references suggested, or produced many references thaneterelevant to this study. Further
discussion outsidef the projectteamcorroborated our conclusion. In scoping statistical experts for
input into the sysmatic literature review, it became apparent that msérts consultebelieved that

any analysighat might provide information on the impact of EFSA regulated proaumitd sit within

a Generalised Linear Model (GLM) framework, and that the literainrgpecific organisms or habitats

would not easily reveal any new techniques, or reveal the relatively minor, although potentially
interesting, differences in approaches that statisticians were not already familiar with. Furthermore, it
was noted that thecological and environmental literature would likely have only a fleeting reference to

the statistical techniques employed in their data analysis, because GLM methods are the standard tools.
In light of this,we added a specific section to this reportlomstatistical techniques that professional
statisticians agreed were most appropriate and should be used to assess changes in organisms and the
environment using the type of data that is collectdeiSis(see belowsectionl.4).

To complimentSection1.4 on appropriate statistical methgdtswas agreed that we should change the
literature search stratedyy focusing on thaveb sites of thaetworks themselveas look for information

on statistical technique This ensures that all methods and appraacie captured even if the
ecological publications do not specifically mention statistical methods in the key words or abstract and
if the statistical publications do not specifically use ecological data in any example or application. A
comprehensive lisof ESNsacross Europe, and the information they contsim Section 3 of this

report We sought literature from networks in two ways. Firstly by a systematic search in WoK using
the network namel1(3.3) andsecondly by visiting network web sites to sebatvliterature they
advertised1.3.4)

1.3.3. Availability of ESN literature that includes statistical methods obtained from systematic
searches in WoK using the network name as a search term

Using the network list that was in preparation flee environmentatlata source inventorywe use

WoK to search for references to literature by network name both written in English and the language of
the country. We searched for 66 different ESN network names and found 1943 publications in WoK.
Several networks publishformation in journals that are nlistedin WoK as they were not in English

or may have been considered gray literature

We discovered that many of the publications, even in peer reviewed journals, did not include the
network name in the title, key was or abstract, so that a systematic search in WoK did not identify
publicationsfrom ESNs Some documents did include thetwork name in the acknowledgments, but

this is not searchable in WoK. A list of web sites searched in Wgkiés in Appendix 3Networks for

this were chosen to representange of network types froElU wide networks that repouinder various

EU directives, represent a range of EU countries if they appeared from their name to be more than a
local nature organizatigmnd also a saple of local smaller scale organizations

1.3.4. Non systematicsearches to assess the availability of ESN literature, which may include
statistical methods, listed on ESN web sites

We visited31 network web sites in 6 countries theg believedcoveeda natonal scale to investigate
the availability of document references. We also searched web sites with information such as that
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collected for the European Environment Agency anchdistats water framework and birds directise

etc. Information on these netvks was also collected fdhe environmental data source inventory
where more informatioabout different network activities and a more comprehensive description of the
ESNsis describedn Section 3 The search useBSNsthat weren the process ofdingcompiled for the

data inventoryand EuMon (http://feumon.ckff.si/index1.php), Centre for Ecology & Hydrology, and
publications, such as the review of Citizen Science Review by &aogl., (2012). Our initial
observationgrom looking at the network web sitdor statistical techniques usedre

o the publications available reflect the nature of the organization and may only include
photographs, distribution maps, newsletters, annual reports, species help guides, notes on
taxonomy and observations withautyapparent statistical analyses.

e many organizations that maintaESNsare meant for local and national organizations so are
written mainly in the local languagad are therefore not available in WoK

e publications that only have titleand not abstractsrdey wordsare difficult to assess for
statistical methods and insufficient time was available to search for all listed references.

e information waftenin publications that were not publically available.

e the publication list may not cover our searchiqgmbfrom 2002 to 2012.
Where potentially useful publication lists were found we did the following:

1) Looked for publication titles written in English

2) Assessed from the title (or abstract if available) whether the publication was likely to contain
statistich methods. We excluded records of individual sightings of organisms, taxonomic
information, species guides, magazines and newsletters and general descriptions of parks and
gardens etc.

3) Downloaded and saved any available document that achieved 1) and 2).

4) If the publication was downloaded in 3) or looked potentially of use for this project the
information was entered into an EndNote Library and the published document searched for
through WoK, Google and journal sites etc.

A summary of theeferences that wiwund to be publicayl available after viewing somel3ndividual
ESN web sites from 6 countriesgiven inTable 3 and Appendi3.

1.3.5. References btained through non systematic searches following suggestions from experts.

In the EndNotelibrary produceddr the project w included anEndNote librarygroup of publications
recommended by experts while scoping the literature review. In additiB8Nospecific literature we
included other potentially useful ecological and environmental literature incluefagences to post
market monitoring, genetically modified organisms and agro chemicals (see summary Table 3).

We also includd in the library here the references used in this documentlaogk specific t&ection
1.4which describes expert opinion on timest appropriate statistical techniques to use for assessing the
impact of EFSA regulated products on organisms and the environment.
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1.4. Statistical considerations for postmarket analysis of ecological surveillance networks

1.41. Summary

The aim of this first tdswas to identify statistical methods that have been or could be used to detect an
environmental change from a surveillance network. We drthag most statisticians asked to analyse
these types of data would use an effectively standard modern statmtitaix based on extensions of

the generalized linear mod@LM) concept, and whether the model is fitted in a classical or Bayesian
framework is not of primary importance. Weave given a very brief overview of these model
developments from GLM to GAMMGLMM, etc. and note, as well, other types of statistical analyses
that may be appropriate. However Wwave see& no specific subsets of statistical terms that would
appear, necessarily, in any scientific papers reporting these types of analyses, gndicdtiany
literature review would have to be very specifically targeted to deliver an assessment of current practice.
By identifying relevant methods and a small sample of literature identified by expertepihissection

and an associated literatusyiew provides a basis for further work in the project.

1.4.2. Introduction

The aim here was to identify relevant statistical techniques that might reasonably be expected to indicate
or identify a change within data from a typical ESN, and that such a chanbe beigelated to an
unexpected posharket effect of a product being introduced into the environment. The term product is
used here in a very general sense to indicate something new in the ecosystem. In terms of the ecology
there are 2 reasonable scenarios

1) the product goes into use everywhere in the target ecosystem at effectively the same time (either
at one location or at several simultaneously), leading to widespread change within a relatively
short time scale;

2) the product goes into use at differentasrat different places, leading to a more gradual change
in the ecosystem.

The second scenario is more difficult to detect and would require more sophisticated spatial modelling.
From the statistical perspective there are 2 possibilities:

1) a change is detwd through theNormal overview of monitoring data from ESNs over and
above background variation and initially there is no specific hypothesis for that change;

2) following the introduction of a product to the environment, changes in ESN monitoring data
occurover and above background variation.

There are two additional caveats in the statistical analyses for these situations. First, if the hypothesis (or
model) thatis being explored was set up after a change in the data series had been observad, then it
more likely that a statistically significant difference will be detected unless you adjust your analysis
appropriately. The second caveat is that the data series will have been subjected to multiple testing,
particularly in the first possibility above, arldat multiple testing will require adjustment of the test
statistics, for example by controlling the False Discovery Rate (FDR) (Benjamini, 2010; Efron, 2010).

What is very clear is that there is no classical statistical designed situation (which waulditicgre
market testing), there are no readily available catffeet relationships (because that would be covered
by planned postnarket assessment), and a rmatalysis or equivalent may be required fiod
sufficient statistical power from smagffects in multiple, possibly independent, data series
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1.4.3. Standard modern statistical procedures

1.4.3.1. Model structures

For the initial analysis of a dataset collected over time, almost all statisticians would use some variant of
the generalisations of the linearmeotl . The term Al ineard does not me
but that the model is a linear function of the parameters. The generalised linear model (GLM)
(McCullagh and Nelder, 1989) brought together a series of loosely related developmeatsidmo
standard framework where there is a systematic component or model equation, a link function to
transform scales between the systematic component and the random component, and a flexible set of
error structures (within the exponential family) to sfyethe form of the random component. For a
standard linear regression, the model would be a set of linear relationships between the response and the
predictors, the link would just be the identity function (so there is no scale change) and the error would
be the Normal distribution function. The error structure choice allows continuous, discrete, and binary
to be fitted within the same framework, so the distinction between the analysis of continuous
measurements and classified or categorical data wayeeimim particular this allowed counts and data

on proportions to be included within a standard modelling paradigm. Typically, however, count data are
overdispersed in practice comea to the Poisson distributipso the distributional assumptions are
modified to include ovedispersion parameters and the idea of glikelihood to fit the model only by
specifying the meawmariance relationship is introduced (Wedderburn, 1974). Recent further extensions
include generalized neinear models (Turner andirth, 2012) and Hierarchical GLMs (Lee and
Nelder, 2001).

This framework was later extended to Generalised Linear Mixed Model (GLMM) where the assumption
of no correlation between observations was superseded by more complex veoiaartance structures

with both fixed and random effects allowing explicit estimation of the different components of the
covariance matrix (Breslow and Clayton, 1993; Venables and Ripley, 2002; Pinheiro and Bates, 2000).
This flexibility allows for many different sets of assumops including autocorrelation between
successive observations over time, estimation of variances within nested models to separate population
and individual effects (such as in genetics, many environmental surveys and multilevel modelling in the
social soénces), and extensions into spatéhporal models. If the estimates of the random effects are

not themselves important then Generalized Estimating Equations (GEE) (Liang and Zeger, 1986) can fit
the averaged population parameters while having an unknpowiis-specified correlation structure, and

this is one of a class of semiparametric regression techniques available which allow relaxation of some
of the GLMM model assumptions. The systematic component of a GLM can be made more flexible by
combining parmetric and nonparametric regression within Generalised Additive Models (GAM)
(Hastie and Tibshirani, 1990; Green and Silverman, 1994; Wood, 2006; Rappkr2003) where the
nonparametric element introduces smoothing functions derived from the dataswspline curves,

local linear and polynomial regression, nearest neighbour and kernel smoothing. These extend in the
same way as GLMs to Generalized Additive Mixed Models (GAMM) (Wood, 2006; Lin and Zhang,
1999) with the more complex variance structassumptions.

1.4.3.2. Model fitting

The ideas behind the model structures chosen are the same whatever process is applied to fit the model
to the measurement3he initial impetus for these developments was the Nelder and Wedderburn
(1972) paper where an iteratiyeteweighted least squares method was proposed to computationally
allow maximum likelihood estimation of the model parameters in GLMs, a natural extension of the
simpler least squares methods commonly used for linear regression (see Edwards (1972) for a
theoretical discussion of likelihood). Alternative approaches to fitting the statistical model include more
general maximum likelihood procedures, generalised estimating equations, partial least squares (Vinzi
et al., 2010), pseudbkelihoods (Besag, 1975)restricted maximum likelihood (Patterson and
Thompson, 1971), partial likelihood (Cox, 1975), penalised likelihood (e.g. Wood, 2000), general
Bayesian approaches (Congdon, 2006) or the more recent developments of integrated nested Laplace
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approximationsINLA) (Rue et al., 2009), with many, particularly Bayesian methods, benefitting from

the vast increase in computing power since 1970. However the technicalities and choice of the model
fitting process are not primary considerations in the selection afigeptual model to detect a change,

and there are currently a wide range of models which can be fitted by a variety of methods.

Modern methods have brought an increased reliance on extended assessment of the adequacy of the
model, with auxiliary techniquesuch as bootstrap to provide robust sample estimates with confidence
intervals (Davison and Hinkley, 1997) or generalised evafidation (Stone, 1974; Wood, 2006) to
explore the choice of smoothing parameters are often required, so model developnitt &no

iterative process.

Other developments in statistics that do affect the fitted models include challenging the independence of
the responses by introducing the assumption of autocorrelated errors in time (and various forms of time
series structurespscified according to theutoregressiveintegrated moving average (ARIMA)
framework) (see Chandler and Scott (2011) for many examples) and in space (with classical
geostatistics and point process models now leading to more flexible -tapacestructures
(Wackernegel, 2003; Digglet al., 2010; Cressie and Wikle, 2011). These approaches and many further
topics in detecting change in environmental and ecological data are covered in recent texts on model
fitting for environmental applications, such as Chandled Scott (2011) and the series of books from
Highland Statistics: Zuugtal. (2007), Zuuretal. (2009), and Zuuetal. (2012). There is also literature
related to software packages developed for specific audiences, e.g. TRIM (varetStliep004 used

for Bird Census data is an application of GLM, and the particular software is not necessary for the
application of the statistical method.

1.4.3.3. Generic approach

Therefore in modern statistics there is now a general structure with both fixed and rafedoen fme
containirg systematic components, wittorrelated error structures for time dependence, spatial
dependence and possibly spdicee interaction. How you fit the model is a technical issue that most
applied statisticians would resolve by a pratimehoice of whatever classical or Bayesian method is
available and delivers the result. There is a lot of debate about how we choose the model, e.g. model
selection methods (e.g. using Akaike Information Criteria (AIC) and related methods), structural
equations, etc., but, at a gross level of simplification, these are variants of similar approaches intended
to provide the best model for the application while dealing with the combinatorial explosion of having
huge numbers of potential variables and retgréxplanatory interactions. These may, however, be
optimising the wrong criteria unless care is taken to make sure that change detection is the primary
purpose of the analyses.

1.4.4. Additional Methods

Alongside the general framework of the GLM exists a classnethods that do not assume a
distributional form of the data itself, although the procedures often assume a distribution on a derived
statistic. These methods are classed aspapametric and can form a favourable alternative to
parametric methods whesample size is low or distributional assumptions are clearly violated. There
are many simple ways to obtain unbiased parameter estimatgmrametrically, such as minimising

the sum of squared residuals or using standard minimum variance unbiasedoestifatvever,
drawing inference on the estimated parameterspaoametrically (i.e. distribution free) requires a
different approachthe most powerful of which is the use of resampling methods. The idea behind these
methods is to resample the data urntier null hypothesis in order to build up a range of plausible test
statistics to which one can compare the observed derived test statistic and hence draw inference.
Examples of resampling methods are the bootstrap (Efron and Tibshirani, 1994), thefaékfkon,

1982), cross validation (Efron, 1983) and permutation tests (Fisher, 1954; Pitman, 1937), all of which
use similar principles in order to test the hypotheses under scrutiny. In many more extensive studies,
both classes of methods may be usetifegrent stages of the same analysis.
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Other norparametric tests of association, differences and coherence often involve deriving a test
statistic based on ranks or differences, which is then shown algebraically to follow some mathematical
distribution. The Wilcoxon signed rank (Wilcoxon, 1945), for example, can be used to compare two
related samples by examining a statistic defined using the sum of the signed ranks of differences
between the paired samples, which is shown to follmsmal distribution urder the null hypothesis of

no difference between the samples. Similar-parametric methods have been developed to investigate
whether the mean between two samples is different (Friedman, 1937; Kruskal and Wallis, 1952) and
how a sample conforms to somgpbthesised distribution or expectation (Cochran, 1952; Kolmogorov,
1933; Smirnov, 1939).

Some more niche areas of statistics where one may find before/after effect analyses conducted include
survival analysis (Hosmer, Lemeshow and May (2011) provide eellent overview), extreme value

theory (De Haan and Ferreira, 2006), spectral analysis (Priestley, 1981) and multivariate techniques.
Within multivariate techniques there are numerous methods for representing data, but in order to look
for a specific effet the methods of Canonical Correspondence Analysis (CCA) (ter Braak, 1986; Manly,
1992), Redundancy Analysis (RDA) (van den Wollenberg, 1977) and Multivariate regression trees
(De'Ath, 2002) serve as the most useful tools.

Hastie, Tibshirani and FriedmdgB8009) provide some very interesting ventures into the Data Analysis,
Computer Science and Engineering worlds, and categorize statistical methods into supervised or
unsupervised learning methods. In the former the goal is prediction of a measured oetatvweeto

input measures (effectively the modern statistical procedures above), while the unsupervised learning
relates to association and pattern, as in the niche areas. This important contribution to the overall
prediction problem also incorporates d tf dataintensive methods. Other interesting techniques
include control charts (such as CUSUMSs) which are a standard tool if the testing of the measurements
are repeated every day (e.g. Mei, 2010) and various epidemiological methods to detect outbreaks o
diseases (e.g. Zhu and Wang, 2012).

1.4.5. Atargeted approach to the literature review

Most statisticians would know what they would do to analyse data from ESNs, the majority of analyses
would sit within the generic modelling frameworks described abovetrandterature will not easily

reveal the relatively minor but potentially interesting differences in approaches. Indeed it might well
have only fleeting reference to the statistical techniques which are just the standard tools used every
day. Thereforean untargeted literature review based on statistical terms in ecological or environmental
papers is unlikely to deliver the library of techniques this project aims to identify.

Within the statistical literature, the references will not necessarily comednvironmental papers as
techniques for nofinear trend detection, break points in a series, possible heterogeneity of variance,
time series drifting outside their previous confidence intervals, etc. are more generic. A scattergun
approach here will natield useful results but there is guidance available from papers in the ecological
and environmental literature published by those who have been tracking trends in ESNs.

Here we have indentifiekey analyses approaches to form the basis of further s@it@ssessment and
will be used in combination witthe literature reviewdescribed A number of experts have contributed
information durirg the consultation on this not&here are 4 examples of papers using some of the
discussed statistical techniqueghiighted at the end of the references.

1.4.6. Examples of papers applying some of thetatistical analysistechniques

1.4.6.1. Example 1: Application of GLM

Kleijn, D., Berendse, F., Smit, R., and Gilissen, N. (2001)-&gxironment schemes do not effectively
protect lodiversity in Dutch agricultural landscapes. Nature, 413: 723
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Abstract

We surveyed plants, birds, hover flies and bees on 78 paired fields that either hexviagnment

schemes in the form of management agreements or were managed conventioaalgerkient
agreements were not effective in protecting the species richness of the investigated species groups: no
positive effects on plant and bird species diversity were found. The four most common wader species
were observed even less frequently ordalvith management agreements. By contrast, hover flies and
bees showed modest increases in species richness on fields with management agreements. Our results
indicate that there is a pressing need for a scientifically sound evaluation-ehggonmenschemes.

The data on individual species and species groups were analysed using GLM with a logistic link
function and assumingBinomial error distribution, followed by a likelihood ratio test (oft€st). The

models included the factors area, pair and agament agreement, where both area and pair were
considered as replications. As effects of management agreements on the insect groups differed markedly
per sampling period, analysis of these species groups was performed on individual sample periods.
Furthemore, the factor sward height at the time of sampling was included in the model. All proportional
data were arcsin transformed before analysis.

1.4.6.2. Example 2: Application of GLMM

Rundl6f, M. and Smith, H.G. (2006) The effect of organic farming on buttenfigrsity depends on
landscape context. Journal of Applied Ecology 43: 11227.

Abstract

We used generalized linear mixed models (SAS macro Glimmix) with Poisson error distribution and
log-link function to analyse the effects of farm practice and landggapeon butterfly species richness.

The butterfly abundance (individuals per 50 m of transect) wadloggansf or med [l n( x+0A
residualNormal distribution, and analysed using general mixed models Mdttmal error distribution.

Data were angbed at the segment level to account for the slightly unequal sampling effort at different
farms (all results were qualitatively the same if analysed at transect level). The fixed factors in the
models were year, landscape type, farm practice and landspape farm practice; the random factors

were farm pair and farm identity; the repeated factor was visit (nested within year). We selected the
covariance structure for the repeated factor based on AIC (Akaike Information Criterion), which in all
cases radted in a firstorder autoregressive structure being used. We used the Satterthwaite method
(Littell et al., 1996) to approximate denominator degrees of freedom. Pearson correlation was used to
assess the association between proportion of organic aeatnleahd productivity of the arable land
(yield of spring barley; kg hail). All statistic

Although we can conclude that both farming practice and landscape heterogeneity significantly affects
butterfly speas richness and abundance, the most interesting result is the effect of the interaction
between the two. A similar relationship has been proposed for arable weeds (Roschewitz et al., 2005).

1.4.6.3. Example 3: Application of GAM
Fewster, R. M., Buckland, S. T., Biardena, G. M., Balillie, S. R. and Wilson, J. D. (2000) Analysis of
population trends for farmland birds using generalized additive models. Ecology, 84t9®%0

Abstract

Knowledge of the direction, magnitude, and timing of changes in bird populationlatce is essential

to enable species of priority conservation concern to be identified, and reasons for the population
changes to be understood. We give a brief review of previous techniques for the analysissoilarge
survey data and present a nggpm@ach based on generalized additive models (GAMs). GAMs are used
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to model trend as a smooth, nonlinear function of time, and they provide a framework for testing the
statistical significance of changes in abundance. In addition, the second derivattiiesnodddied

trend curve may be used to identify key years in which the direction of the population trajectory was
seen to change significantly. The inclusion of covariates into models for population abundance is also
discussed and illustrated, and tefis the significance of covariate terms are given. We apply the
methods to data from the Common Birds Census of the British Trust for Ornithology for 13 species of
farmland birds. Seven of the species are shown to have experienced statistically sigtefitinnt

since the midl960s. Two species exhibited a significant increase. The population trajectories of all but
three species turned downward in the 1970s, although in most cases the 1980s brought either some
recovery or a decrease in the rate of aeclThe majority of populations have remained relatively stable

in the 1990s. The results are comparable with those from other analysis techniques, although the new
approach is shown to have advantages in generality and precision. We suggest extengiens of
methods and make recommendations for the design of future surveys

1.4.6.4. Example 4: Application of Redundancy Analysis

Walker, K. J., Critchley, C. N. R., Sherwood, A. J., Large, R., Nuttall, P., Hulmes, S., Rose, R. and
Mountford, J. O. (2007) The consetiem of arable plants on cereal field margins: an assessment of new
agrirenvironment scheme options in England, UK. Biological Conservation, 13& 7250

Abstract

Agri-environment (AE) schemes aim to arrest declines in arable biodiversity through ieddeabigin
management options. We evaluated the effectiveness of uncropped cultivated margins (UCM), spring
fallow (SF) and cropped conservation headlands with (CH) or wiih fertiliser inputs (CH(NF)) in
sustaining plant species diversity and rarecig in England, UK. Sampling was stratified at 1 m, 3

m and 5 m from the edge of the margin and in eight regions to assess environmental influences on
species composition. Species diversity, including rare species, was highest on UCM, followed by SF
ard CH(NF) margins. Diversity was generally lower on cropped margins due to competition from the
crop. Fertilised CH margins were the least diverse option and were similar to cereal crop controls.
Species diversity was greatest at the edge of all except W@idins and there was a strong latitudinal
decline in overall diversity and rare species. AE management accounted for more variation in species
composition than habitat context, physical/climatic variables, soil properties or region.

Environmental influenes on vegetation composition were carried out ontragsformed species
frequencies using Canoco V.4.02 (ter Braak and Smilauer, 1998). Variation partitioning (Jkland and
Eilertsen, 1994; @kland, 2003) was performed using redundancy analysis (RDA) @addedundancy
analysis (PRDA) with variance partitioned between five subsets of environmental variables (option,
region, physical/climatic, habitat context, soil properties) and expressed as the % of total variation
explained (TVE). For each subset, a/AR was carried out to select variables that contributed
significantly to the model (p < 0.05). Forward selection (using 999 Monte Carlo permutations) was used
to test each variable in turn and the significance of the first axis and the overall RDA.

1.5. Summary of literature searches for references to publicationgith statistical information

Theaim in this section of theeport was to describe the process we used, using a systematic literature
review procedure and to give information about the publishedtlireravailablewhich would enable

us to comprehensively survey statistical methods and assess data collected by Environmental
Surveillance Networks (ESNs)his information would then be used to support analyses of the impact

of products on theenvironmemh postmarket distribution.As described aboveve testedsystematic
literature surveys using th&/oK literature database and found this method unsuited téagkeand
concludedhat a systematic literature review was not appropf@atéhe requirementsfahis project In

this section of the reportevhave provided information on the searcbasied outandalso provided
reference information ian EndNotelibrary that includes several different literature search mettwds
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give an overview of the publied information publicallyvailablethatwe believednay haveprovided

the information requiredn statistical techniqgugsee summary Table 3 and refer to Apper&iiar full

details). Tls EndNotelibrary was used during the projecontributel to boththe statistical and data
inventories Section 1.4 provides independently reviewednformation on the techniques that
professionalstatisticians describe the methdtiat they believe are appropriate analysethe type of

data collected byESNs and describ the Generalised Linear Model (GLM) framework aotther
techniques. We believe that the complimentary information collected in the reference libraries and
provided by the information on the GLM framework provides useful informationvtilatissist those

that planto analyse datéor PMEM to detect ecological and environment changestibae been caused

by the release of EFSA regulated products.

Table 3:  Summary of the EndNote library and groups withisuibmitted with this report.

EndNote Library group EndNote Library group content Number of
references
SSO References produced undgection 1.2 very restricted searc 7124
. for organism type, AND terms that reflect change AND statis
Systematic search by and metanalysis (see Appendix 4). Searchesadm
organism type independently for each organism type including searches

might capture a different range of references, which ref
different recording schemes.ei amphibian, birds, bat

Aibee+insects+motho, butterf
been comimed into one library.
SSN References produced under systematiocKVéearches fection 3031
, 1.33). This includes network names for 66 networks using
Systematic Search by language where available and also the English transla
network Searches we either conducted individually or with multipl

network names in one search. Some are listed separatel
others are encompassed in separate groups.

NSW References produced by nepstematic searels by viewing 31 220
. individual web sitesSection 1.31). With multiple links within.
Non systematic web Some networks are in separ&adNotegroups and others ar
search on individual combined into one group.
networks
EXL Reference library produced from references reconued by 289
. experts. Also contains references used in this document
Expert literature those in the statistical note.
suggested
EndNote Library group EndNote Library group content Number of
references
STN References used in the statistics note 75

Statistics note references

2. Inventory of Statistical Approaches

2.1. Introduction

Using thedatabase of literaturdescribed inSection1 and the information on appropriate statistical
methods that could be usénlanaly® data for PMEM we set out to compare different methods and
prepareaninventory of where and how these methods are being used. An assessment of the statistical
methods found in the literaireported in Sectiohis crucial if these methods are to lmzommended
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for application byESNsacross Europe. The populardéyd useof these statistical methods may differ
amongdata types and networks and here hasehighlighted these differences and also the potential
performance of different methods for use in PMEM.

Here we compard the selectedstatisticalmethods in two ways. Ehfirst approachwas a literature
review of articles published within the sphereaafriecosystenscience thatite the methods reviewed
in Section 1 The seconavasa simulation studyhat enabéd a fair comparisormmongthe methodgo
highlight their réative performance for use in Peltarket evaluation.

2.2. Literature Review

We first compiled an inventory of the statistical approaches used in the fiedgreecosysters, usinga
selection ofthe literature identified irsectionl and thenfound relatedpublicationsthat directly cited
these methods and approactésction 1.4alsoincludes some key references and highlights the main
statistical approaches that are italde for PMEM. Each method isccomparéd by thesource
reference. The statistical metteodescribedn Sectionl1.4 form the basis of the inventory developed
here where we compare the methods identified by statisticindghesare detailed below

2.2.1. Define Source Articles.

We first compiledthe references that were to be used in a céégtence searcii hese references were

taken fromSectionl.4, which describes appropriate statistical methadd ardisted inTable 4 There

are potentially other references that may be used for the same statistical method, but those we have
selected wee considered the key and the most frequently cited reference for the particular asethod
determined duringhieresearcHor appropriatestatisticalmethods irSection1.4.
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Table 4:
refererce as statemh Sectionl.4.

List of statistical methods consideredthe comparison and inventotpgethe with its key

Statistical method

Key referencefor the method

Bootstrap

Efron, B., andTibshirani, R. J. (1994) An Introduction to th
Bootstrap (Chapman & Hal/CRC Monographs on Statistics
Applied Probability).

GAM (Generalised Additive Model)

Hastie, T. J. and Tibshirani, R. J. (199Ggneralized Additive
Models Chapman & Hall/CRC.

GAMM (Generalised Additive Mixed Model)

Lin, X., and Zhang, D. (1999) Inference in generalized addit
mixed models by using smitong splines.Journal of the Royal
Statistical Society B51: 381400.

GEE Generalised Estimating Equatigns

Liang, K.Y. and Zeger, S.L. (1986) Longitudinal data analysis us
generalized linear modelBiometrika73: 1322.

GLM (Generalised Linedviodel)

McCullagh, P. and Nelder, J. (198@eneralized Linear Models
Second EditionBoca Raton: Chapman and Hall/CRC.

GLNM (Generalised Nonliner Model)

Turner, H. and Firth, D. (201Beneralized nonlinear models in F
An overview of the gnm packag@anR Project.

GLMM (Generalised Linear Mixed Model)

Breslow, N.E. and Clayton, D.G. (1993) Approximate Inference
Generalized Linear Mixed ModelsJournal of the American
Statistical AssociatioB88: 9i 25.

Pinheiro, J. and Bates, D.M. (200d)xedEffecs Models in S anc
S-PLUS Springer.

GLMM 1 REML (REstricted Maximum Likelihood)

Nelder, J. and Wedderburn, R. W. M. (1972) Generalized Lir
Models,J. R. Statist. So@, 135: 376384.

Hierarchical GLMs

Lee, Y. and Nelder, J.A. (2001) Hierarchicalngealized linear
models: a synthesis of generalised linear models, raveffact
models and structured dispersioBgometrika88: 9871006.

INLA (Integrated Nested Laplace Approximatipns

Rue, H., Martino, S., and Chopin, N. (2009) Approximate Baye:
inference for latent Gaussian models by using integrated ne
Laplace approximationslournal of the Royal Statistical Society
71:319392.

Kruskal? Wallis Test

Kruskal and Wallis (1952) Use of ranks in ecréerion variance
analysis,Journal of tke American Statistical Associatiety: 583
621

Redundancy Analysis

Van Den Wollenberg, A. L. (1977)Redundancy analysis: a
alternative for canonical correlation analysRsychometrika4?2:
207-219.

Spacetime point process

Diggle, P.J., Kaimi, I. andd\bellana, R. (2010) Partidlikelihood
Analysis of SpatieTemporal PoinfProcess DataBiometrics 66:
347-354.

Spectral Analysis

Priestley, M. B. (1981) Spectral analysis and time series.

TRIM

Van Strien, A. et al. "A loglinear Poisson regression thed to
analyse bird monitoring dataBird 1995 (2004): 339.

Wilcoxon Signed Ranks

Wilcoxon, F. (1945)Individual comparisons by ranking method
Biometrics Bulletiril: 8Gi 83.

Having obtained the references with which to conduct the cited refesenoeh, we then followed the
steps as documented i n Hi ggietals(2042) w defne ¢he sear¢gh2 0 0 9)
criteria needed and to ensure that all results are repeatable.
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2.2.2. Define search criteriafor obtaining information on publications that used @ch statistical
method:

2.2.2.1. Define research question

The aim of this inventoryf publicationsthat used a statistical method wias find the uses and
exampleswhere each of the methodsas being used within the relevant scientific area. s to

inform scenarios where a method may be applicableafoange ofdata types. Therefore the mai

question that wasledfor this literature searcvas

AWhat are t he di dftheselected stasical methodihat iare nelsvant to
agroecoy st em science?0
Where:

Term in objective Definition of objective term

fisel ect ed n Allstatistical methods documented$ectionl.4 and listed in Tabld

=t

appl i cat i o Allpublished instances of data analysis citing the particular statistiethod
in question.

fagr o ec osy Al managed environments and associated natural ecosystems.

2.2.2.2. Establish information Sources

As with the literature searches carried ouSectionl to establish appropriate statistical methods, we

usel WoK as thesource of reference materidWoK has a full database of references incorporating
literature from all fields important in answering ttesearchguestion, produces repeatable results and

also allows cited literature searches. This erthireto search foall references citing particular articles,

which was what was required in this case, and then refized search withinthese results. As with

Section 1 other reference databases such as Google Scholar and the Opengrey website were considered,
but WoK was deemed the most comprehensive and repeatable source to ase. SHarchewere
conducted in addition to the searches camigidand described ineBtion1.3.

2.2.2.3. Indentify Search terms

Having conductedhe cited reference search, we refirmr results tanclude only those articlethat

may have direct relevance agroecosystems, as defined in the search questiomsearchkey words

were broad categories thatitemped to exclude irrelevant articldsut not sorestrictive ago exclude
applicationgha could beof interest. The categories chosen were a subsebséfitom the systematic

literature review carried out in Sectionahd indudeda sel ecti on from each of
terms for habitat or ecosystamd sandalitanmbydihat
search string used to refine the cited reference search results was:

{ecosystem* OR agri* OR ecology} AND {monitoring OR survey*}

As with may of the searches conducted when reviewing statistical methodologiestionSked¢his
string includel wild cards to allow fopossible misspellings and pluralr some of the key words.

2.2.2.4. Search Filters

The only filter set on the results was to ensure that the date of publication was hiwesty 12002
andDecember 32012. This was the same 10 year periodisedpreviouslyin Section1.2 This search
time period, without extra refinemento research area or research domain categories, drihatethe
searchwasrepeatable and consistent.
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2.2.2.5. Management of references

The rderencesare stored ina singleEndNote database with different groups defining the different
statistical methods searched. Thereris groupof references for each statisticaéthodsearched foso

that it is easy talistinguish amonghe example$or each separatmethod. Allof thereferences found

were exported directly frorddoKi nt o End Not e. This |library fAStats
key deliverable for this work and is submittedether withthis report.

2.2.3. Search Results

The literature seahes yielded darge number ofcitationsfor some methods and a fairly low number

for others. Theeresults broadly follow the ideas presentadSection 1.4 on appropriate statistical
methods that suggestd that some methods have a more bespoke appilicatid others ara more

general framework that are often used. Tablshows the number gdublicationsthat cite the key
statistical methodeferencd in Table 4.From thisTable5, it is clear that the standard GLM model is

the most commonly used metheoelating to the field ofagro ecosystem science. The rparametric
bootstrap approach to estimating significance was also found relatively frequently. More bespoke
(methods for very specific types of data) and modern methods (those published inGheekas) such

as generalised nonlinear models (GLNM), Integrated Nested Laplace Approximationgjrapgoaint
processes and redundancy lggig are less frequentisncounteredThis reduced frequency may in part

be due totheir relatively recengéntryinto the statistics literature (eg. INLA in 20Q%)e lack of readily
available software (such as hierarchical GLM=) the potentiaffor incorrect ormissing references
(possibly the case with redundancy analysis as scientists may have cited softhass SSANOCO

rather than the method itselfllevertheless, the databasfeliterature we have constructed prowdde

useful comparison of the frequency of use of the different statistical methods and the type of data they
are used for within the literatupblished from 20022012. This search facilityn the EndNote library
provided should enable a quick cross referemcwng statistical methedFor example, one could
searcheach group of referencesthe EndMte librayf or fAbi r d t r esrofdhe statisticas e e e
methods used and retrieve publications that have applied each of the methods.

Table 5: Table showing the frequency pfiblicationsciting each of thestatisticalmethods listed in
Table4 and hencdookedfor duringthe literature search.

Method Number of publications citing
references about statistical
method

GLM 679

Bootstrap 544

GLMM 484

Generalised Estimating Equations 391

GAM 271

GLMM - REML 197

Kruskali Wallis Test 163

Wilcoxon Signed Ranks 140
Spectral Analysis 99

Method Number of publications citing
references about statistical
method

TRIM 19

GAMM 17
Redundancy Analysis 11
Hierarchical GLMs 8
Integrated Nested Laplace Approximatior 6
GLNM 3
Spacetime point process 2
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2.2.4. Data typesused for each statistical method

The toal number opublications(more than 3000jound in the literature sear¢hat cited the statistical
methodswas too many to fully assess and extract information required for this. Skheéyefore, a
random sample of articles using each statistical metveml assessed to extract informatabout tle

data typesWe believe this provided enough information to look at the broad data types that each
method has been used.ftm defining the categoriese wished to collect the methata for,we ensurée

that all information requiredwas available in the selectedanuscripts themselve$hese categories
included: the type of response variabtée temporal resolutiorand the spatial resolution. These three
important aspects can be represented by: the numbervelyssites; the number of years of the study;
the temporal frequency of data; whether the data was count, presence/absence or continuous; and how
many variables were analysélhble6 shows the details of theuplicationssampled to assess the data
type that was analysed using each different statistical metfibdse categories were also used to
provide guidelines on thiaformation that was needed from the ESNs, for these further results see the
data source inventory described in Section 3.

Table 6: Table showinghe types of data described imeaadomsample ofpublicationsthat cite each

of thestatisticalmethods consided Numberof sites(No. of sitesyefers to the spatial resolution of the
data and whether it was a single study sité data wascollectal from multiple spatial locations; No.

of years refers to the length of time any monitoringl keken place; No. per year is how many
observations were taken within a single year for the response vahableasmodelled; Data Type is
eitheri Countes,entry Abs e nc e dhatbeast dés€ibes thé megpansesvariable being
modelled; andNo. of variabless how many response variables were modelled iptidication e.qg.if
multiple species were modelled.

Method Reference No. of No. of No. per Data Type No. of
Sites Years Year Variables
GLM Poyryetal. 33 1 1 Count 11
2005
Banietal. 1 15 1 Count 51
2009
Trenkeletal. 2 30 2 Count 23
2004
GLMM Augustinetal. 1475 30 1 Continuous ?
2009
Krishnamurthy 294 3 2 Continuous ?
etal. 2011
Kery and 25 2 1 Poisson ?
Matthies 2004
Generalised Amacheretal. 12 3 1 Continuous 4
Estimating 2008
Equations
Method Reference No. of No. of No. per Data Type No. of
Sites Years Year Variables
Friedmanret 1 3 1 Continuous 745
al. 2003
Brook etal. 1 14 1 Count
GAM Bentonetal. 1 27 1 Count 12
2002
Pottsetal. 1 38 1 Count 214
2010
Virkkalaetal. 2810 1 1 Presence/Absenc 10
2005
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Method Reference No. of No. of No. per Data Type No. of
Sites Years Year Variables
GAMM Devictoretal. 180 15 1 Count 100
2007
Augustinetal. METHOD
2011 PAPER
Hazenetal. 17 1 16 Continuous 7
2009
Integrated Lopezabente 24 9 1 Count 1
Nested Laplace gt g].
Approximations
Shaddicketal. 934 1 1 Continuous 1
2012
Praguectal. METHOD
2012 PAPER
Spacetime Aartsetal. 10010000 1 1 Count 3000
point process 2012
Gabrieletal. 20000 1 1 Presence/Absenc 1
2012
TRIM Vorieseketal. 18 20 1 Count 48
2008
Arheimerand 1 20 1 Count 1
Svensson 200¢
Kasaharaand 1 14 1 Count 13
Koyoma 2010
Bootstrap Smartetal. 9596 2 1 Count ?
2003
Grizzettietal. 182 7 1 Continuous ?
2008
Brownetal. 2 26 1 Count ?
2005
Wilcoxon Buckleyetal. 1 1 54 Count 13
Signed Ranks 2012
Houleetal. 1 50 1 Continuous 3
2009
Johansson et 40 1 1 Count 4
al. 20@
$ruskalc Wallis  Suetal. 2011 41 8 1 Continuous 13
est
Baileyetal. 1 5 1 Continuous 51
2012
Orekhova and 2 6 1 Count 2
Rasina 2012
Spectral Uri 1996 1 47 1 Continuous 1
Analysis
Fergusoretal. 6 30 1 Count 10
2012
Redundancy Pellegrinoet 10 1 4 Continuous
Analysis al.2011
Griffith etal. 86 2 1 Continuous 45
2001
Fabienetal. 243 1 1 Count 257
2007
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The inventoryin Section 3 collatethis data fronthe networks themselves acomplete a similar table
(with additional infomation).

2.3. Simulation study to compare methods for PMEM

The literature search presented above pravédsomparison of each of tteelectednethods in terms of

their current usage within environmental moriiigr However,the reasons for use of a particular
method or the performance of each method described within the article could differ considerably for
many unknown or undisclosed reasdimat wouldcausei n o i s e 0 i. We thehefore atterdpted a

to facor out this noiseto provide a fair comparisoamong the methods bgonducting a simulation
studyon some of the most popular methods identifie@éction 1.4concerning appropriate statistical
methods.This simulation study also allogd an assessment dfie relative power of each method to
detect a hypothetical change. In the simulated data setseld/@lhfactorsconstantthat may differ
amongthe applications of the different methods, in order to obtain comparable estimates of power.

The simulation widy described beloviesed the null hypothesis that themasno changen a given
indicator over time against the alternative hypothesis that thees a linear trend over time. This
hypothesisthat there waso trendover time,is testecdbecause henee were interested in comparing the
ability of each method to identifg specific trajectoryand we were notomparing the effect of a
specific treatmenRelative effectbetween treatments and contrate considered later Bection 4.

2.3.1. Chosen data sets

We used simulated data séi@ving known characteristide test the different statistical methods. The
range of differendata typessuch as count and continuous data, with diffeggeriods of study (see
Table 3 would ensure that they were comparabteoss statistical methodShe data sets were
simulated to represent a range of characteristicsatiedikely to be found ifESN monitoring datand
the change in data trend that might occur as a result of environmental cBargan then investigate
fr e al 0 sdram ESNssusirig the simulateita as a proxy to look into the affects of analysing
monitoring data using different statistical approaches.

We simulated each of the three main data types in ecologicai datant data, presence/absenctada

and continuous data. Simulating these different tygfedlatais important as each typequiresa
different error structure that must be appliedthe modet used in the statistical analysidis ensures
thatthe correcistatistical assumptions aneet and that the associated standard errors estimated are not
missspecified, which could result in making an incorrect inference abouthypethesis under
consideration and theesults of the analysidVe alsosimulatal different dataset$o reflect different

spatial sckes, temporal scaleand levels of variabilityto ensue thato u simutatedd at a set s 6
sufficiently varied to provide comprehensive representation of real ES network data and thdataal

sets can be mapped onto the simulated.dat

The full parameter set usedpicepare the test data for thienulatonsis given below in Tabl&, where

the important high level parameters represent informatiahcan beobtaired directly from ESNs In

the simulationswo start valueswhich represent thecount Poissoncase) or likelihood of occurrence
(Binomial case)of a particularspecies that are used to start generating the dafasetvalueswere
used becausdor both theBinomial and Poissoncase, variance is linked to the mean and & lbeen
shown in multiple previos studies (for example Hails at. 2012) thatstatisticalpower is highly
dependent on the prevalence of a speciesdata setThe % change may seem small but as this is a
change per year and hence a continuous charegeiime, the change over the course of the time series
can be large as it has accumulated.

Table 7:  Full list of parameters defining the data sets created in the simulations study. The number of
sites defines how many distinct spatial units are to be simulatedtdtievalue provides the expected
count, valudor continuousdata,and occurrence probabilifgr presence/absence datfathe count; the
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error defines the standard deviation used in the Gaussian simulations for the continuous data; the length
of monitoiing and samples per year define the temporal resolution of the simulated time series; change
% is the change in the expected value per year might result from environmental changad the

number of variables represents how many time series were tohdlar each data typeén each

iteration of the simulation.

No. of Start Length of Samples per Change No. of Variables to
Data Type Sites Value Error Monitoring Year % Simulate
Count 10 100 NA 5 12 0.1 10
Count 50 100 NA 10 1 0.1 10
Count 1 100 NA 5 52 0.1 10
Count 10 100 NA 25 1 0.1 10
Count 1 100 NA 25 12 0.1 10
Count 1 100 NA 10 1 0.1 10
Count 10 10 NA 5 12 1 10
Count 50 10 NA 10 1 1 10
Count 1 10 NA 5 52 1 10
Count 10 10 NA 25 1 1 10
Count 1 10 NA 25 12 1 10
Count 1 10 NA 10 1 1 10
Continwus 10 100 25 5 12 0.1 10
Continuous 50 100 25 10 1 0.1 10
Continuous 1 100 25 5 52 0.1 10
Continuous 10 100 25 25 1 0.1 10
Continuous 1 100 25 25 12 0.1 10
Continuous 1 100 25 10 1 0.1 10
Continuous 10 100 5 5 12 1 10
Continuous 50 100 5 10 1 1 10
Continuous 1 100 5 5 52 1 10
Continuous 10 100 5 25 1 1 10
Continuous 1 100 5 25 12 1 10
Continuous 1 100 5 10 1 1 10
Presence/Absenc 10 0.5 NA 5 12 0.1 10
Presence/Absenc 50 0.5 NA 10 1 0.1 10
Presence/Absenc 1 0.5 NA 5 52 0.1 10
Presence/Absee 10 0.5 NA 25 1 0.1 10
Presence/Absenc 1 0.5 NA 25 12 0.1 10
Presence/Absenc 1 0.5 NA 10 1 0.1 10
Presence/Absenc 10 0.9 NA 5 12 1 10
Presence/Absenc 50 0.9 NA 10 1 1 10
Presence/Absenc 1 0.9 NA 5 52 1 10
Presence/Absenc 10 0.9 NA 25 1 1 10
Presence/Absenc 1 0.9 NA 25 12 1 10
Presence/Absenc 1 0.9 NA 10 1 1 10

2.3.2.  Simulation algorithm

The simulation study was carried out in the R statistical computing environment as this had the widest
choice of available methods with which to run the sinioifet If R did not have a published package on

any particular method, then the method was deemed too rare and bespoke to use in this comparison and
hencewas excluded

The methods that were selected for this simulation study represent a range of agptbatlcould
easily be adopted by applied ecologists agdo environmentalists and that may provide positive
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benefitsin terms of statistical poweesulting from a slight change in approach. A full list of methods
that wereexamined is presented rable 8. Perhaps the dn key methodthat was omitted for these
simulations waghe spectral approach, which had a reasonably high (99) frequency of hits in the
literature searchl'his method wa®mitted as therés currenly no availablefunction to look forsigns of
significant change using spectral approaches. Metto@sist to estimate periodograms and users can
use this tdit bespoke Fourier functions to their data, but to draw any inference, most users would then
have toresort to using bootstrap basapproachesvhich are included in our assessmeiitse lack of

any fAoff t he mears¢hlsméthodip yery ardikeli to be used in ESN data analysis, so
spectral analysis was omittédm the simulation runs.

Table 8: List of all methods used to analyse data generated in the simulation study together with
the R function and package used

Method Function R Package
Generalised Linear Model (known family.,g.Poisson) gim mgcv
Generalised Linear Model (Gamma distribution assumed) gim mgcv
Generalied Additive Model (known familye.g.Poisson) gam mgcv
Generalised Additive Model (Gamma distribution assumed) gam mgcv
Generalised Linear Mixed Model (Maximum Likelihood fit) | site = random Imer Ime4
Generalised Linear Mixed Model (REML fit) | siterandom Imer Ime4
Generalised Linear Mixed Model (MCMC fit) | site = random MCMCglmm MCMCglmm
Generalised Linear Mixed Model (PQL fit) | site = random glmmPQL MASS

Generalised Linear Mixed Model (PQL fit, AR (1) process incl) | sitt gimmPQL MASS
random

Generalised Linear Mixed Model (REML fit, AR(1) process incl) | site Imer Ime4
random
Generalised Estimating Equations (known family) | site = random gee gee
Generalised Estimating Equation&amma distribution assumed site = gee gee
random
Boatstrap based resampling Im + own Base

code
Wilcox Test Wilcox.test Base
Kruskal Wallis test Kruskal.test Base
Method Function R Package
Redundancy Analysis rda vegan
CUSUMS sctest strucchange

The simulated data are distributed (in the case of adatiat though binary and continuous data follow
in a similar way) according to the following specification. The cdDrat sitei at timet follows a
Poisson distribution with meg:; . as shown below.

C;s = Pois(u;,)

The expected mean count at a given site given year is a functonofhe i nduced change
site | evel variation 92 and observat iRpoiesonlasdv e | r
Binomial models represents the associated over dispefBi@mean value at a given sitat a given

timetis given by:

]UE[H:‘:] =a-log(pgey) + ¥+ &t

The data are simated by evaluating the mean trend onlihk scale before generating a realisation of
the process. So the data are generated from the start popy; sti@acording to the value specified in

Table 7 and draws according ty ~ N{0,n) and & ~ N{0,8], where d is a random
uniform distribution between 0.1 ailog (14 /20, whereu,is the expected initial mean abundarereq
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d is a random draw from t he.l. Grom thiostampopulaton atimb ut i o
seres of the specified length and resolution was simulated by firstly generating a mean trend.

This mean trend, therefore, generates the required change ovewtiicte is dependent on the previous
value back in timeFrom this mean trend, eadhta seriess a realisation of the mean values across sites
and across timeThis was then repeated for 10 variables in each test case.

The resulting datasatasthen analysed usingachspecificstatisticalmethod and the significance of the
change/attributiorwas stored. Thiswas repeated 1000 times to obtdine percentage of times we
observe a significant effectto determinghe statisticalpower ofeachmethod.

2.3.3. Results and Comparisons

The full results of the simulation study are preserited\ppendix 4 and the main conclusions are
presented here. The most obvious result from the simulationstgthat generally the neparametric

tests (Bootstrap resampling, Wilcox and KrusWadllis) perforned poorly compared to the parametric
approaches, except when gample sizavassmall. If the sample size is reasonable, then the parametric
approaches offer far greater power to detect change thapamametric resampling or rank based tests.
This is perhaps unsurprising.d Ifir eiass ocnlaebalre ot hdaetp et
factors, but the key aspect is whether there are enough observations to produce reliable estimates of the
parameters in the modbhsed parametric approaches. This is generally consibgratdtisticiando be

at least 8 oleyvations per parameter and thatsbacked up in the simulatiomgscribed in this report.

Our simulationsshow that when n=10 (no. of sites=1, no. of years=10, no. per year=1), the non
parametric approach is no poorer than the parametric approach andhatosuffer from the same
convergence problems that can cause the parametric models to fail.

Including random effects and autoregressive ternasniodel can help tease out a signal in the data that
could be masked by site to site differences or heaviplsgependence in the observations. If theege

signs of site to site differences or temporal autocorrelation, then these terms should be included in the
model. If, however, there are no signs of temporal autocorrelation then inclusion of an auteegressi
term could lead to a reduction in power. |ttieerefore necessary to first test for this effect on each data

set before deciding which modelling approach to adopt.

Generalised estimating equatiqgee)performedwell when theravasa sufficient sarple size (gee was

unable to run for the n=10 option as defined above). This appgewérally, as is the case here,
performs better than standard likelihood based model fits due to the smaller, robust standard error
estimates that it produce&eneralisd estimating equations fit a marginal rather than conditional model
and therefore any covariate inference is made at the population level rather than at the subject level.
This therefore has implications on inference and can be quite a philosophical rgarteewhich level

one wishes to draw conclusions. Nevertheless, it is an important consideration when deciding on the
statistical modelling approach.

As always, one needs to take care when interpreting output from fitted GAMS and significant results
could simply indicate ovefitting as opposed to a real trend. This can be particularly true with large
sample sizes.

If data exists on multiple species / variab{es tested here 10 hypothetical species)multivariate
analysis can be more powerful iframon trendsn populations among the speca® expected. Rather

than conducting multiple analyses per variable, the analyst should consider whether a multivariate
approach could be useful for looking at common signals. If thesan effect across muftie variables,

as one may expect/hypothesise pghorisation of a regulated produicmany species were affected

in a similar way then a multivariate redundancy analysis could prove to be the most powerful.
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Figure 1below provides clear guidelines 8 which method to adopt in certain circumstances. In some
cases this is more clear cut than others, but ultimately in following the decision tree the users should
know what terms are needed in the model and hence which analysis route fbhekgiidacge in

Figure 1 is a direct result from which methods and approaches performed best in what circumstance in
the simulation study.

Use bootstrap Is sample size low?
approach to make Y P
inference
N
Is data available on {tivari
multiple responses that Y Usemu twa"ate_
respond similarly? redundancy analysis
N
Is there evidence of a Use Generalised
reason to believe thereis a Y additive madel
non-linear trend?
N
Dathe data conform to
A Use Gamma error
known distribution (e.g. A
. N distribution
Normal, Poisson,
binomial)?
Y
I Use appropriate distribution family for error distribution, not Gamma
. Is there evidence of Is there evidence of
Is there evidence of Lo
aver-dispersion? any additional temporal
structure in variance? autocorrelation?
Y \i Y
Use quasi likelihogd Is gﬁ;i'.‘:;::e:;?d Use GLMM with conditional
fitting methods ; autoregressive term included

v N
N Y

Use Generalised estimating | | Use Generalised linear mixed
equations effects models

Figure 1: Decision tree to provide guidelines as to appropriate statistical methodologies in different
scenariodased on methods ted in simulations study described in Section 2.3

2.4, Summary of statistical analytical methods using simulated data.

The work presentedin Section 2.2 has demonstratethe use and applications of the methods
discoveredduring thesearch and review in Seati 1 It is clear that some methods are used more
frequentlyfor data analysis and described in published pathpenrs othersand this could be for many
reasons. What is also clear is that some methods peddyeiter in some situations than others and

there was not one method thatwas optimal over all data types. It is therefore important that when
analysing each data set, care is given to the methods employed. This simulation study could act as a
useful tool andwill provide a checking system for dataabssts to ensure that, given their particular
data,scientistsare using the most optimal methiod statistical analysis using ESN data

In the simulation study presentbdrethe data generategtpresentedhirly regular conditions. Although
overdisper®n about the meamnwas included on the link scalewhen generating the data sets, the
resulting series remain reasonably well behaviedan often be the case, however, tthaa sets with
counts of species, particularly rare species, are dominated ks Baperally speaking, standard GLM
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models do not cope well with such datih many zerosand often misspecify the standard errors
associated with parameter estimates, which in turn can lead to poor inféfeacanference in this case

could lead to ejection of the null hypothesis when in fact it is true or vice vérbare are however,

some readily available extensions to the GLM framework that dlbowxcessive numbers of zeros in
count data and doot suffer fromthe same separatiossues thatan arise Though not included in the
simulation study heras a misspecification may result in a model incorrectly appearing to be more
powerful, models such as Zero Inflated Poisson (ZIP) or Zeftated Negative Binomial (ZINB)
provide a solution tthese issues. If, upon checking through a data set to be analysed, there are signs of
excess of zeros, one should consider using ZIP or ZINB based models that can now be implemented in a
variety of frameworks including GAMS in the VGAM R package.

It is also generallyimportant to consider the effect thaven/under dispersiomould have on any
inference made. Thigan easily be included when fitting a GLM type model by use of quasi
distributions or, in the case of count data, use of the nedgitieenial distribution. Given the simplicity

of including this in the model, over/under dispersion should always be tested for in data prior to fitting
the final model one wished to make inference on.

3. Inventory of Environmental Data Sources

3.1. Introduction

The third aspect of this project wathe compilation of an inventory of existing environmental data
providers, alsaalled environmental surveillance networks (Epthat potentially support pestarket
environmental monitoringPMEM) of agro ecosystems. ESiNare pivate or public organisations
operated by professionals and/or volunteers that are monitoring a range of environamehtal
biophysicalparameterdike the presence giarticularspecies of plants and animatbsodiversity, plant
health,air quality, etc. br PMEM organisations that register agronomic practiegs| Use/management
practices weather conditions, etc. are also useful as they can provide insights on factarmyhat
influence the sensitivity of any post market response.

The authorslefined arideal ESNthat likely may serv@MEM as one that
- collects data on a relevant subject over a broad geographical area of interest, with a standardized
collection method, using a dense and even distribution of collection points, which are visited
regularlyat the time of interest.
- relies onprofessiona or at leaspeopletrained to collect information in a standardized way.
- documens data collection and data analysis methods.
- makes raw data publically available or allows access by request. Intergreguorts issued by
the ESN were given extra value as they provided an ekpedd analysis and assessment by
people who were directly involved in setting up the data collection and were most
knowledgeable about the data and the region in which it isated.
The term dédnetworké was interpreted broadly: i
distinct geographical areas on specific study subjects as well as several people/entities collaborating in
the study of one particular topic. ESNs atd@pgan, national and regional levels included:

- Governmental networks that were official initiatives focused on particular policy areas;

- Academic networks that provided platforms for scientific communications on particular projects
or research;
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- Trade netwrks that addressed specific professional issues; and

- Environmental networks that monitored, recorded, researched, educated and/or promoted

diverse components of nature.

As part of this project, ESNs have been inventoried and for each identified ESKmatibn
concerning the organisation, monitoring subject, specificity, methodology and reporting has been

summarized for this report. Based on the collected information, ESNs were then assessed for suitability

as an element d®PMEM according to the critexidefined by EuroStatThe outcome, especially the
information on themethodology used to collect and analyse data, fed int¢atige-scale simulation

studiesand revievs carried out irSectiors 2 and 4

Figure 2providesa schematic representation bétactivities inthis element of the workn this report

we present the methodology that has been developed to trace networks, collect information and

determine PMEM suitabilitWwWhereas the full inventory is submitted as a separate document to EFSA,

sumnary information is included in this report.

Figure 2: Diagrampresenting the relatiommong the activities carried out for ESN data assessment

Identification Information Assessment
ESN collection
Interaction
ESN

3.2. An Inventory of Environmental Surveillance Networks in Europe

3.2.1. ESN Identification

Three distinct approaches for identifg ESN were applied:

1) Given the role of competent authorities related to EU Directive 2001/ 84&@sk managers in
PMEM, it was essential that their views were integrated. In cooperation with EFSA an inquiry
form was developed. EFSA distributed thisnfior t o i t s 06 f o caad the EBSAN t
GMO Network(February 2013, reminder May 2013). The Biotechnology Unit of the European
Commission, Health and Consumers Directofaémeral, discussed the project at the
Regulatory committee of Directive 2001/E® (14 May 2013) and invited competent

authorities to provide references of ESNs

2) Different initiatives have already developed ESN lists for specific purpasgsEuropaBio,
LTER-Europé, ALARM Field Site Network, JRGFATE?®, Biodiversity Information Syem

2 http://epp.eurostat.ec.europa.eu/portal/page/portal/quality/documents/ess%20quality%20definition.pdf
3 Directive 2001/18/E®f the European Parliament and of the Council of 12 March 2001 on the deliberate release
into the environment of genetically modified organisms and repealing Council Directive 90/22@BET06,

17.4.2001, p.138.
* http://www.ltereurope.net/

® http://www.alarmproject.net/alarm/fsn_start.php

® http://fate.jrc.ec.europa.eu/rational/home
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for Europe (BISE) Water Information System for Europe (WISEEuMon Database on
monitoring schemes in EurcheEuropean Biodiversity Observation Netwljk These lists
provided at a minimum the name of the network, sometimes supplemented with the we
address or contact point. In some cases only part of the information was up to date and
publically available and it was necessary to establish a dialogue or make an agreement with the
owners to access the information.

3) Additional networks were identifiedy the project partners and through exploring links among
ESNs €.g via links and information on websites and publically available documents).

This first identification of and ESN typically includes the name of the ESN in a variety of languages, the
webste (if available) and contact information.

3.2.2. Definition of information elements

To structure the information a distinction was made between the organisation (the ESN) that contributes
to environmental surveillance and the actual environmental surveilogeamme (the ESP). Some
ESNs performed or contributed to several ESPs each with specific objectives, methods and reporting.
The inventory therefore needed to enable reflecting this complexity.

The information collected in the inventory had to be adegwaseipport the other components of the
project (e.g. information on data type so that the work in Section 2 can be used to suggest which of the
statistical methods highlighted by Section 1 might be the most appropriate) and to allow future use of
the inventory for specific PMEM efforts. The inventory therefore combines organisational aspects of the
ESN performing the monitoring or surveillance; the monitoring subject; specificity (geographic
location); methodology of data collection and data analysisirdmamation on reporting.

The monitoring subjects were classified either as protection goal or as influencing factor. Protection
goals include those aspects of the environment that are valued by society and need to be protected from
harm. Examples includebats, butterflies, river water quality, health of woodlands, etc. Factors that
may cause an effect on an object being protected were classified as influencing factors. The way
farmland is managed, for example, may influence the presence and abundaadeinfarthropods.

Data on influencing factors are essential in interpreting variations in observed values relative to
protection goals.

Information on data type, i.e. whether observations are recorded as presence/absence, or as counts of
individual plans or animals, or as continuous values, will determine the most appropriate statistical
analysis method as assessed in Section 2.

In order to allow systematic searches and analysis, it was important that the parameters were fixed, well
defined and adequatfer the intended use. An initial proposal was drafted and discussed among the
project partners and subsequently with the project's promoter. The finalréistsegented in Table 9
(information on the ESN) and Table (i6formation on the ESP).

" http:/biodiversity.europa.eu/
8 http://water.europa.eu/
® http://eumon.ckff.si/aims.php
19 http://www.eubon.eu/
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Table 9: List of information elements to describe an ESN

Item @ Specification® Values© Meaning®

Internal code Internal code that allows easy referenaing.when ESN13xxxx Unique code automatically attributed
establishing relationships between networks
Official name of the The full legal name as registered (local language] "Name"

ESN
Other names Abbreviation (local language); English translation Text
and abbreviation, if available
Type of organisation Identification of the type of organisation - Governmental Official networks, orgaized by governments.g.
supporting particular policy areas, to fulfil national and/c
European requirements.g.NATURA 2000)

- Academic Networks of scientific researck.@.national academy of
science, Europn funded research projects).

- Environmental Organisations involved in education on, promotion and
observation of nature, often with a strong conservation
orientation, often based on volunteers

- Trade Special interest groups addressing issdesade €.9.bee
keepers, farmers, crop protection producers).

Contact person Name and function of a contact person Text
Coordinates Contact details Text
Website Website address Text
Funding Known sources of funding - Company

- Membership

- Grants

- Sponsoring

- Unknown®

Part of other Relationship with other networks Names and/omiternal code(s
network(s) other ESNs
Grouping of other  Relationship with other networks Names and/omiternal code(s
network(s) other ESNs

(a): field denominator

EFSA supportingpublication 2014:EN582 41

The present document has been produced and adopted by the bodies identified above as author(s).abhieéaskdrried out exclusively by the author(s) in the context of a contract between the European Food
Safety Authority and the author(s), awarded following a tender procedure. The present document is published complhgrgangpatency principle tehich the Authority is subject. It may not be considered as an
output adopted by the Authority. The European food Safety Authority reserves its rights, view and position as regares #uelisssed and the conclusions reached in the present doeuthent,prejudice to the

rights of the authors.



@ Senltre fgng drol
EH cology lydrology .
i . Review of methods and data for PME

(b): short description if required

(cthe type of value (text, numbers, fuffther subdivisions), fixed options are indicated
(d): additional clarification of values
e 6Unknownd is given when théleefuometd henESNHat websi s$enotr aepiolkts

Table 10: List of information elements to describe anfFES

Item @ Specification® Values® Meaning®
Programme
Internal code Internal code that allows easy referencing e.g. w ESP13xxxx Unique code automatically attributed

establishing relationships betweerogrammes an
with organisations

Official name of the The full legal name as registered (local language) Name

ESP
Other names Abbreviation (local language); English translati Text
and abbreviation, if avaible
Organisation Link to the organisation that performs t Internal code ESN, Name
programme
Contact person Name and function of a contact person Text
Coordinates Contact details Text
Website Website address Text
Funding Known surces of funding - Company
- Membership
- Grants
- Sponsoring
- Unknown (e)
Member of othel Relationship with other programmes Names and/omiternal code(s
programme(s) other ESPs
Grouping of othel Relationship with other programmes Names and/omiternal code(s
programme(s) other ESPs
Monitoring Subject
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ltem @ Specification® Values® Meaning®
Description Brief description of the objectives and activities Text
the programme.
Purpose The reason for conducting the programme may - Legal requirement
legal requirement - Other
Protection goal(s) Indication of which protection goal(s) are addres - Biodiversity Further specified as birds, mammals, fish, repti
by the programme (more than one option car arthropods (among which insects), plants andifung
indicated) - Human health e.g occupational diseases
- Animal health e.g.performance of livestock
- Plant health e.g prevalence of certain pests
- Soil function e.g organic content, pH
- Water quality e.g pollution with nitrates, @level
- Air quality e.g pollution with NQ
- Sustainable agriculture e.g.data on IPM, abundance of pollinators
- Others
Influencing factor(s) Indication of which influencing factors are addres - Agronomic practice e.g.fertilizer use, ploughing vs. ntilling
by the programmeig. those factors that me - pjant protection e.g pesticide use in a specific crop

contibl_Jte to a change obse_rved in one of - GMO aultivation
protection goal related endpoints) (more than
option can be indicated)

e.g.acreage, areas of cultivation
- Land use/ managemen

practices
- Other environments e.g.weather records, climate change
conditions
- Other human influences  e.g.urbanization, industry
Methodology
Data collection Method d sampling or data collection - Standard protocol According to defined protocols
- At random
- Unknown
Protocol description Short description of essential parameters Text e.g.transect method, 1km long, 200m sections, etc.
Data collectors The people doing the field work - Trained, professionals
- Trained, volunteers
- Untrained volunteers
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ltem @ Specification® Values® Meaning®
- Unknown
Geography Where does the programme collect information? - Europearwide All EU Member States
- Member State(s) Selection oMember States
- Regional Federal states, provinces, geographic regions with
country
- Local Municipality(ies)
- Unknown
i . o . List of countries to choos
Geography: countrie! Specifying countries from
Geography: specific Name of countryregion, community Text
Geography: The programme may by complying wi-INSPIRE
standardized format international standards when collecting - GBIF
publishing data. - Other
- Unknown
Area type The programme may be restricted to certain type - Protected
areas - Agricultural
- Other
- Unknown
Sampling: spatia - Single site
distribution - Multi-site, even distribution
- Multi -site, unever
distribution
- Multi-site, rare habitats
- Unknown
Sampling: choice o - Free
sites - Grid-based
- Stratified random sampling
- Other
- Unknown
Sample size Sample size in analysis number of samples, @.g quadrant size
Parameters Identification of number of parameters or subje - Single species/ parameters
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ltem @ Specification® Values® Meaning®
and whichare monitored - Multiple species/ paramete
- Unknown
Data Type - Binary Presence/absence

- Count e.g species abundance

- Continuous e.g.soil moisture content

- Unknown

Range- typical valuedor the data collected e.g. average species count (&&arlings) or plausible dat

range (40%75% soil moisturecontent)
e.g weekly, monthly, annually
e.g 19662010

Temporal Info Temporal resolution

Time period covered by latest report

Network
Amalgamation

Repat Data (data collected from same sites ¢

time)
Single scheme or amalgamation of multi
schemes?

Yes, same sites repeated (while new ones may be add¢
No, different sites over time

Yes, several (sulprogrammesd.g inventorying habitat:
comprises monitoring of flora, soils, water quality etc.

or No, only one scheme

Analysis Validation - Whether data are checked first befi - Validation of data
analysing - Unknown
Operator- Whether the analysis is donehouse or - In-house
somewhere else - Unknown
Method - Univariate Analysis of one metric at a time
- Multivariate Analysis of multiple metrics simultaneously
- Unknown
Frequency - Bi-Annual Twice a yeae.g.in spring and in autumn
- Annual
- Multi-year
- Unknown
Reporting
Language Language used in reporting
Reporting Availability of reports - Website
- Scientific Journals
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ltem @ Specification® Values® Meaning®

- Books, etc.
- No data available

Links to reports, if available

Frequeng When regular reports are issued
Historical reference Data available since when? e.g.to allow identification of longerm trends
Future perspective  Longevity of the ESN Estimation whether data wi e.g.research mjects may have an end date

be available in the future

Future plans whether sampling method, area, ¢
will be changing

(a): field denominator

(b): short description if required

(c): the type of value (text, numbers, further subdivisions), fixed options are indicatefitfivith
(d): additional clarification of values

(e 6Unknown6é is given when the required information is not available from the ESNO&s web
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3.2.3. Organisation of information

A web-based passwordrotected tool was developed for recording informatietmieved from the
websites and literature, allowing multser input and access to the stored information. The structure

of the tool reflected the difference between ESNs and ESPs, each having separate entry screens, while
allowing the establishment ofnks between them. ESN and ESP entries automatically obtained
independent unigue codes. Finally, the editing history was fully captured so that changes in the
inventory could be traced back.

One of the benefits of the wdiased tool was a more rigorous starization of the parameters that
were into inventory. This is also a prequisite for enabling future searches and is crucial for quality
control.

Export options from the webased tool included both individual sheets per ESN or ESP as well as
overviewsand statistics. The parameters of the information exported was determined in relation to the
needs of Section4anndhe st ati sti cal analysis and model ling
promoter, the inventory was provided in a spreadsheet faogather with the final report of the

project.

3.2.4. Collection of information

Foll owing the initial identification (name, web:
consulted to retrieve the missing information elements. Additional searchesegeired to respond
to two challenges that were frequently encountered:

- The initial information was incomplete or incorrect;

- The initial information was inconsisterg.¢.the same ESN or ESP were referred to under
different names and in differergriguages).

Once the ESN or ESP was accessed, the publically available information was analysed and an effort
was made to extract the information elements. Rather than inviting ESNs to enter this information on
their network and the observations they makejas decided that Perseus would perform this initial
categorization of data and data entry. The benefits of this approach included:

- Ensuring proper structuring of the information that was already available;

- Limiting the time required from ESNs (aridereby enhancing the possibility for obtaining
their cooperation and contribution);

- Avoiding the bias that the inventory is limited to those ESNs that reply on an inquiry.

In addition to information on the webpages, manuals and reports were reviewedddfesses to

(the latest) reports were captured and reports were stored electronically for later reference. Whenever
websites were encountered that were only available in a local language not understandable to one of
the project partners, an electroniartslation tool was used to navigate the site.

As agreed with the project partners the ESNs operatingvide were given first priority, followed by
ESNs that have national coverage.

Subsequently, the ESNs were directly invited to verify the informatiah had been captured, to

correct data and to provide additional information. This invitation included a project support letter
from EFSA, a short explanation of the different information elements in the inventory and the specific
entries for the ESN andsirelated ESP(s). Any feedback was verified (if possible) and subsequently
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the records were updated in the wagsed tool. With data inclusion continuing until the end of the
project, ESNs/ESPs that were includdtbr 16 December 20M@erenot invited toreactanymore

An exception was made for informatioaptured from th&euMon DatabaseAs the information in
this database is entered directly by the ESNs and ESPs, it was not deemed necessary to seek
additional confirmation again.

3.3. Quality assessment oflata and analysis

To allow a structured assessment, the project partners developed classification criteria to position the
ESPs in relation to an ideal situation (monitoring data collected according to a fixed monitoring
methodology for all performers, regted at appropriate intervals at the same location by the same
performer, in order to be able to observe changes, validated data and adequate, powerful statistical
analysis, availability of data). The quality criteria were determinehdakto accountlie Eurostat

quality framework’.

The project team recognized that ESNS/ESPs might perform highly relevant research without
fulfilling all the criteria that would make them suitable to support PMEM. In consequence, the
assessment was not expected to proede val ue judgement on fgoodo
methods, rather to formulate a number of indications/recommendations that users (e.g. EFSA,
authorities) can take into account when considering to use information collected by an ESN/ESP.
These recommelations were to be standardized and directly linked with the information in the
inventory.

3.4. Results
3.4.1. AnInventory of Environmental Surveillance Networks in Europe

3.4.1.1. ESN Identification

Existing lists established by other initiatives were expected to presaagoa source for identifying
ESNs/ESPsTable 11provides the results of reviewing these initiatives in relation to the purpose of
this investigation into potentially useful networks for PMEM

Table 11: Input based on existing ESN lists

Initiative Description Conclusion for project
LTER-Europe - National networks of the majority of EU - No individual ESPs identified.
Member States (41 organizations includin - Partner organisations were
some norEU ESNSs). included in the inventory as

ESNSs.

JRGFATE - Monitoring chemicalsuch as fertilizers, - No individual ESPs identified.
pesticides and herbicides, and impacts of tI - Data are presented as interact
pollutants in terrestrial and aquatic ecosyste maps.

BISE and WISE - Portal to national biodiversity reporting - No individual ESPs identified.

activities and datasets.

EIONET - Portal to national biodiversity reporting - 4 of the Topic Centres included
activities and datasets (440 partner the inventory as ESPs.
organisations). - Partner organisations were not

M http://epp.eurostat.ec.europa.eutppage/portal/quality/documents/ess%20quality%20definition. pdf
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Initiative Description Conclusion for project

included.
6" Framework - Local research projects, each of them limite - Due to the limited coverage, the
programme ALARM- in surface, but as a whole evenly geographi  local research projects were no
focal field site network  distribution. The effect of land use is studiec  included in this analysis.
(FSN) pairs of 4x4km squares, one dominated by

natural or semnatural communities (but
including some agricultural land) and the otl
with intensive agricultural usage.

6" Framework - EU-wide gathering momdring methods and - Partly these ESNs overlap with
programme EuMon systems of surveillance for species and hat ~ other existing lists. Where
of Community interest. possible inventory data were

compared and updated with dat
obtained by EuMon via
questionnaires.

New ESNs were added followin
a search on the world wide wek

. . . as often no web address was
- The major part (97) was locatédthe United indicated in te EuMon database

Kingdom followed by Poland (45) of 327. At This proved particularly difficult
present 643 monitoring schemes are listed.  \\hen the network name was nc

given in the local language.

- In 28 countries monitoring organisations we
identified: for 25 of the then 27 Member i
States, plus Norway, Croatia and Macedoni

European Biodiversity - Lists about 30 partners, of which 25 EU - Included in the inventory.
Observation Nevork partners, each with a short presentation anc
(EUBON) web address
EuropaBio collectiono- Appl i cant 6s initi at i- Agreementestablished for havi
ESNs environmental networks as part of PMEM access to information.

general surveillance. - Data were reviewed, updated tc

- This list contains networks from some West the latest infomation (e.g.
and SoutkEuropean countries and from afe  reports, contact persons, web
Member States in the eastern part of the EL  addresses, etc.) and included ir
inventory.

I ndi vi dual partner organi zations that are membe
network were included as separate ESNs in the inventory. Furthercteseathe specific projects in

each country were not prioritized as the majority of LTER projects in Europsiteigpecific or

involve a small number of sites.

JRGFATE has several activities each year concerning pollutants in water. However, nondata o
concrete projects were displayed on the website. In consequence, no ESNs were identified based on
this source.

BISE and WISE are valuable accession points to datasets, but did not allow for identification of
underlying individual programmes. To fit in loapproach these portals themselves were included in
the inventory as ESPs linked to the European Commission, DG Environment as ESN.

EIONET is the portal for the European Environmental Agency (EEA). Four of the Topic Centres were
included as ESPs (on ajuality, water quality, biodiversity and land use/land cover). The partner
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organisations were not included in the inventory. Frabitats Directiv€ asks Member States to
monitor habitat types and species considered to be of Community interest. Comjilljidgticle 17

of the Directive Member States prepare reports every 6 years. EEA and ETC/BD perform a Quality
Assessment and Quality Control on the data in these reports before accepting and publishing.

Theresearch projecsf ALARM were not given priorig because of their limited spatial coverage.

The EuMon list contains local and Member Statde environmental research programmes,
monitoring species and habitats of Community inter3te organisations performing this research
presented themselves bilig out a questionnaire. However, often websiteor email address was
given, hindering the search. Especially when the ESN name was provided in English instead of the
local language by which it is known, it was difficedtnd in many cases impossibte trace it on the

world wide web. In exchange withe EuMon coordinator an attempt was made to solve this problem.
As the coordinatorwas not entitled to pass data protected persoriaformation, he contacted the
networks on our behalf. Despite a iader, none of them replieéfrom this list all ESNs and ESPs

were included, although only providing basic information. Further updating was done for those ESNs
operating at country level. A link with the data on the EuMon website was included in theigven

EUBON is an EUFP7 project working on integration, harmonization and standardization of
biodiversity information from othe-ground to remote sensing data. The partners are members of
networks of biodiversity datholders, monitoring organisationsydascientific institutions. The EU
partners were included in the inventory.

The EuropaBio list includes about 140 ESNs that are already screened and retained on the basis of
relevance (covering protection goals and/or influencing factorsqeaithbility of information.

In the design of this project, the input from authorities was judged to be extremely relevant as it
reflects the view of the risk managers on survei
Biotechnology Unit information was reced for Belgium, Denmark, Estonia, Finland, France,
Germany, Greece, Ireland, Poland, Slovakia, Spain and Sweden. All of the inputs were included in the
inventory.

Finally, based on their own research the project partners identified additional ESNs.

As expected, there was some overlap in information obtained from the various sdtige® 3
illustrates that authorities indicated a limited number of ESN/ESPs (26) that were identified in the
existing lists established by other initiatives. The major pat@ESN/ESPs indicated by authorities

had not yet been inventoried by any of the existing initiatives. Some ESN/ESPs identified by project
partners revealed to be included in the existing initiatives. The lack of overlap between the input from
authoritiesand those identified by project partners can be attributed to the fact that the project
deliberately searched for complementary ESN/ESPs. Finally, it must be highlighted that even among
the lists available from the existing initiatives much overlap oecurRemoving double indications

from more than 1000 ESN/ESPs obtained by compiling all the initiatives resulted in a reduction of
over 25%. Unexpectedly, this elimination was highly resource demanding, as the same ESN/ESP had
been referred to in differegtlways in different lists and this was only revealed through a more
detailed and tim&onsuming investigation.

12 Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and
flora. OJ L206, 22.7.1992, [i.B0.
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MATURAL EMYIRONMENT RESEARCH COUNCI

Existing initiatives Authorities

/N7

Project partners
Figure 3: Diagram presenting the number of EESFs obtained via the different sources

A summary of the ESNs and ESPs that were enggedountry angber topicis presented in Table
12 and Table 3.
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Table 12: Number of ESPs per country for the specified protection goake one EB may cover several protection goals and/or influencing factors
and may therefore be counted more than once)
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EU 3 3 9 4 1 2 2 2 2 1 1 3 2 4 3 1

Austria 1 4 1

Belgium 20 6 21 12 5 3 2 4 2 1 2

Bulgaria 3 1 2 1

Croatia 1

Cyprus 1 3

Czech Republic 3 1 4 2 1 1 1 1 1 1 2 2 1 2 1

Denmark 3 1

Estonia 4 3 4 2 1 1 1 3 1 2 1

Finland 1 4 7 5 1 1 1 1

France 18 21 51 16 3 8 6 7 9 1 1 2 2 10 2 4

Germany 14 9 14 9 2 6 4 14 1 3 5 4 5 8 2 1

Greece 31 2 1 1 3 3 1 5 1

Hungary 11 8 9 9 1 2 3 1 2 2 1 2 2

Ireland 6 3 1 1

Italy 2 2 3 1 2

Latvia

Lithuania 14 13 2 1 2

Luxembourg 1

Malta 1 1
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Netherlands 8 5 6 14 2 1 2 2 5 2 1 2

Poland 24 25 29 15 1 3 3 3 21 1 1 1 1 1

Portugal 2 1 1 2

Romania 3 3 1 2 2 1 2 2 1 3

Slovakia 1 7 4 1 1 1 1 2 4 3 3 5 2 1

Slovenia 1 2 5 4 1

Spain 47 1 19 7 2 2 5 1 2 3 4 2 6

Sweden 6 4 1 2 1 2 5 3 2

United Kingdom 74 3 2 7 1 1 3 5 3 6 9 5 6

Table 13: Number of ESPs per country for the specified influencing factors (note one ESP may cover several protection goalsuandiog ifgttors
and may therefore be counted more than once)
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EU 7 3 1 2 6 3

Austria

Belgium 1

Bulgaria

Croatia
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Cyprus

Czech Republic 2 1 3

Denmark 1

Edonia 2 3

Finland 1

France 11 1 1 4 5 2

Germany 8 4 2 3 5 2

Greece 1 1

Hungary 1 1 1

Ireland

Italy

Latvia

Lithuania

Luxembourg

Malta 1

Netherlands 3 1 10 1

Poland 1 1 1

Portugal 1 1 1 2

Romania 5 2

Slovakia 6 1 1 2 2 1

Slovenia

Spain 11 5 4 2

Sweden 7 4 1 3 1 1
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United Kingdom 7 3 4 4 12 6
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3.4.1.2. Data extraction

For each of the ESNSs the informationpaissented in Tabl@ and Table 1@ascompiled. Priority was

given b EU and countrywide ESNs. Furthermore, ESNS/ESPs suggested by authorities and
ESNSs/ESPs on existing lists that already contained more daffdrenation elementge.g. EuropaBio

list) were first entered in the inventory.

Several different factors interfed with the information collection:

- Many ESNs were involved in more than one ESP. This was already anticipated by splitting the
inventory of ESNs and the one for ESRlevertheless, the relationships between ESNs and
ESPs could be very complex and thsmsuming to unravel.

- Some ESNs were grouped in Eurepele umbrella organisation. Data were therefore
summarized and presented for the central European organisation. While the format of the
inventory anticipated hierarchical relationships, it was not ¢lear the exact contribution of
each level could be properly describdflg. if the Europewide organisation reports on
amalgamated results based on observations by local ESNs, the role of the local ESNs may be
difficult to discern.

- Alternatively, ESNs worke in collaboration with other organisations, each performing
specific tasks, making the interrelationships very complicated. Often monitoring data were
stored at yet another website (gateway or portal) or raw data was not available through the
website. Ths further complicated searches for more detailed information on methodology and
reporting as this was scattered od#ferent organizations and weites.

- Data centres (gateway or portal) operated at national or European level, gathering information
from many ESPs and even other data centres. Although they made validated (raw) data
available in some form and under certain conditions, no information was available on the data
collection methods.

- Essentially all identified ESNs needed to be searched for atelvexd one by one, whether
they were already listed or newly identified for this project. Often only a website address was
available and potential ESPs needed to be searched for individually. Even so in case the list
contained extra information, this albad to be checked and the information transformed to
meet our data format.

The following examples illustrate the complexity and difficulty to assign a specific ESP to an ESN and
to collect information.

Example 1: Scattered information

The Dutch Vébdi cOntdiergz o e k Fl o'f acordinates A@ &3Ns &@nd ( VOF F
coll aborates with several other organisations. T
Bureau voor d¥) .StTahe sme tetkodd (oCfBSanal y s iesultsiasd descr
reports can be consulted at the website of the 6
the Environment) that also reports on the environment using data from other organisations. Raw data

13 \www.voff.nl/
“ http://www.cbs.nl/
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of the VOFF member programmes are stored inNh&éonale Databank Flora en Fauna and are
avail able upon payment via¥yet another website,

Example 2Complexty in collaboration

The French Ministry of Agriculture, Food and Forests (MAAF) has initialised an Agriculture Action
Plan in ollaboration with the Ministry of Ecology, Sustainable Development and Energy and the
Natural History Museum. The intention is to promote biodiversity in rural areas, while reducing the
negative impacts that certain agricultural practices may have. Miogitagricultural biodiversity is

one of the five pillars of the Plan, aiming to observe the evolution of biodiversity in relation to
agricultural practices. The Natural History Museum was to define the protocols. The training of the
local coordinators wathe responsibility of the Natural History Museum, the University of Rennes 1
and the Permanent Assembly of the Chambers of Agriculture. Also LADYSS, a CNRS laboratory is
i nvol ved. Gener al i nformation on t hherinformation, at i v e
more detailed data and results are to be found on the website oiN4gies, a science programme of

the Natural History Museum. Although the respective websites inform about the collaborations, no
links are made available. Hence, théerested reader has to search for protocols and results without
clear guidance.

Example3: Data portals

The data portals at the EU level collate information on the environment from a diversity of sources.
Some initiatives may be subportals of a broadétem.g.WISE as part of EIONET that on its turn is

a partnership between the European Environment Agencitantember and cooperating countries
Others list on their data page, next to their own collated results, other sources of environmental
information, e.g.EuMon is on the BISE data list.

Transferring data from previous ESN I|lists to tl
maintenance and regular updating of the database. Indeed, the availability of public information may
change ovetime. ESNs may modify their websites according to new needs, resulting in new web

links. Contact persons and contact details may change. ESPs initiated by one ministry may move to
another ministry after elections and reorganisation of responsibilitieoriRemay no longer be

available or replaced by more recent issues.

On theclosure of thénventory @8" of Febuary 2014, the basic information set has been collected
for over500 ESNs andalmost 100ESPs The following general conclusions could be mbhdsed on
the priority list:

- Objectives- The aim and purpose of the organisation could usually easily be retrieved from
the homepage or the fiabout usodo page. The sam
Ainfluencing f act ocosetageaThal purposesof theenwogitoriag difortc a |
may result from legal obligations (Habitats, Birds and Wdteamework Drectives,
legislation on pesticides or harmful organisms, '8t@nd/or as a basis for conservation
actions.

15 http:/iwww.natuurloket.nl/

16 Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora (Habitats
Directive). OJ L206, 22.7.1992, [ 50.

Council Directive 2000/29/EC of 8 May 2000 on protective measures aghmshtroduction into the Community of
organisms harmful to plants or plant products and against their spread within the Community. OJ L169, 10.7-2000, p.1
112.

Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 estpllistaimework for
Community action in the field of water policy (Water Framework Directive). OJ L327, 22.12.2000®.p.1

Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a
framework for Community actioto achieve the sustainable use of pesticides. OJ L309, 24.11.20086p.71
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- Monitoring methodology For ESNs working with volunteers, information about monitoring
methods that were used to collect samples or other data could be found in manuals or
guidelines, usually in the local language. Method descriptions were also found in reports,
network magazinesnd publications as well as literature. However, these were usually
summaries and details were rarely available to allow determining appropriate statistical
analysis even if the actual data were available. Unfortunately, for many ESNs, no information
on mehodologywas discovered through the veile searches

- Contributors- ESPs received data from volunteers or professionals.

0 Some monitoring programmes recorded random sightings. They received data from any
person, trained or untrained.

0 Most often faunarad flora data collecting involved volunteers. These received training using
manuals, species description charts or books; and by attending field meetings. Sometimes an
instruction video was accessible on the website. They could also have been suppated via
local ESP coordinator.

o ESNs working on more complex subje&g habitats, soil composition or water quality,
seemed to be exclusively the work of professionals. For these themes typically a more
advanced knowledge was needed and it involved spegigiraent or laboratory analysis post
sample collection.

- Geographical coverag@lmost half of the ESPs are either locally or regionally performed.
The majority of these were retrieved from the EuMon database. They often monitor in
protected areas only. Ofiéh of all ESPs include agricultural land.

- Spatial resolution Most networks operated across multiple sites. Most ESPs on the EuMon
list and all of the ESPs from the ALARM consortium studied only one or two sites each.
When working with volunteers, tampts were made to evenly distribute the observation sites
by allocating Agridsodo to persons, al though
of data points coincided with human population density. Other ESNs left the choice to the
individuds, but an accurate description concerning the location of the sampling point was
always required. Professional organisations adapted the design of the observation sites to the
statistical needs of the study.

- Temporal resolution It was not always cleardw frequently samples or data were collected.
Some ESPs were very strict in setting dates for observations to be emadrrerwintering
waterfowl was counted 4 times a year at particular weekends and this was repeated every year.
Other ESPs seemed to leat information at random. On the other hand, inventories of habitat
types, like a forest inventory, ran in cycles ef®years, thereby monitoring different parts of
the territory each year.

- Reporting- Data were most often presented in summary re@wtiables, graphs or maps.
Few ESNSs provided details on statistical analysis, and even then only references to statistical

Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 on the conservation
of wild birds (BirdsDirective). OJ L20, 26.1.2010, p.25.

Regulation EC) No 1185/2009 of the European Parliament and of the Council of 25 November 2009 concerning
statistics on pesticide®©J L324, 10.12.2009, @.22.
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methods were offered. Usually only a description of the results was presented together with
trends over time. Organisations that seras a portal to databases did not provide reports.

Access to raw dath Access to raw data was never possible directly from the website. Some
organisations, predominantly in the UK.g.ECN Data Centrg), but also in the Netherlands
(Natuurloket?), offered the possibility of requesting specific raw data sets. Permission was
then sought with the data owners and this could include establishing a licence agreement.
Apart from a few cases this option was not provided for ESNs in other countries. Furthermore,
access to information/data could be restricted to members only, requiring a subscription and/or
a financial compensation. In other cases the users were allowed to compile their own overview
or summary.

Time to report This varied considerably among ESMginual reports were issued in the year
following the year of observation, but often there was a time lag of several years. Reports
could cover one or more years. Books, usually an atlas describing the distribution of certain

species or taxonomic groupaere infrequently published, whereas scientific publications

were issued irregularly and only focussed on certain aspects of the data or study.

- Except for some research projects with a specific end date, ESNs intended to contin
work.

Case studyl: Access to raw data

Raw data for a particular region were requested from one of the idenkfs®. The request wa
accompanied, as required, by a short explanation of the purpose of the request (i.e. assess ¢
for PMEMwithin the framework ohis study.

As explained on th& S N @ebsite suchrequest need authorisation from each of the spons
responsible for the sites for which data are requested. This gstmmek 6 weeks. In response a licer
agreement was presentedth the followinguse restrictions:

- The data can only be used by the requestor (a personatexcnsive, noftransferable, single
site licence).

- The data can only be used during-gehr period.

- Only processed datasuch assummaries, may be publisheghd the data centremust be
acknowledgd.

The ESN requested additionaformation on the purpose die studyand they indicatedhat an
earlier initiative consideringapplicability for PMEM concluded that #ir data collection had not th
right sort of coverage oé.g. GM crop areas. After signing the agreemamid additionally asuring
that no persons other than the licensee would use the rawtHatdata were received 4 weeks late
an electronic format.

During the exchange, it was stressed that the purpose of usdghantype of user are essent
elements in granting access. This particular ESN offera dreeof-charge for norcommercial
purposesA request from an authorization holdeesq for marketing pesticides or GM crops), that
a commercial organisati® would likely be considered part of a commercial activity

ue their

S
uitability
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nse
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consequently access to raw data for PMEM would be refused.

" http://data.ecn.ac.uk/access.asp
18 hitp://www.natuurloket.nl/natuurloket

EFSA supportingpublication 2014:EN682 60

The present document has been produced and adopted by the bodies identified above as author(s) astheeaskanried out exclusivel
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded ftdtogén

ly
g

procedure. The present document is published complying with the transparency prineiplehtdhe Authority is subject. It may not be
considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and peggials éhe

issues addressed and the conclusions reached in the present doeithmrttprejudice to the rights of the authors.



(GEH, genltre fgtrH drol
cology lydrology .
- ol i Review of methods and data for PME

The case study shows that gathering data for the purpose of a regular Rdé&lrequires time and
effort even wiNtAseach forrdeta feom othey ESBIs/ESs, with the challenges of
language, tracing methods, etc. would only lead to obtaining summary data (graphs, maps).

Case study: Pilot surveillance project on honeybee colony losses

T he prpgmeterpoiditedout a European Commission initiative to protect honey bee health.
Copies of guidelines and visit forms were provided.

Searching EUR_ex resulted in identification @ommission Regulation No 87/201that designateg
the ANSES laboratory é&ophiaAntipolis as EU reference laboratory for bee healtommission
implementing decision of 21 December 2@h#l of4 July 2012orovide for afinancial contribution to
support voluntary surveillance studfés

By searching the world wide web guidelines were obtaarat one report by the UKlational Bee
Unit explaining the purpose of the pilot project. No central website where one would expect general
information, guidelines and reports (interim reports duelbytarch 2013) or visit forms were found.
Only after contating ANSES we were informed that a central website was under constiliotion
password protected part is available at the time our report is presented.

This example shows that although interesting and valuable monitoring and surveillance work may be
perfamed in the EU, iis not readily identified. & be useful for PMEMthese initiatives should be
easily andoublicly accessible and it should be clear which parties can have access to information.

3.4.2. Quality assessment of data and analysis

The quality criteia are listedin Table 14together with a proposal for an ideal situation, the
corresponding items from Tabl® fhatcan be used in this assessment as well as a recommendation in
case the actual situation deviates from this ideal. There are two maimgefasoobserving a
deviation:

- The information has not been discovered within the framewaork of this project. The systematic
review of ESNS/ESPs revealed many topics for which no answer could be entered either
because it was not available or because it wasound during the survey. In this case, it may
suffice to inquire further with the ESN/ESP and to update the database.

- The ESN/ESP approach deviates from the proposed @&lgahs it was not targeted for
PMEM. The approach that is followed may be ad¢gjfiar the initial objective. While many
ESPs provide very valuable information, they are likely to be unsuitable for PMEM or may
need to modify certain aspects in order to also suit PMEM objectives and quality criteria. In

19 Commission Regulation (EU) N&7/2011 of 2 February 2011 designating the EU reference laboratory for bee
health, laying down additional responsibilities and tasks for that laboratory and amending Annex VIl to
Regulation (EC) No 882/2004 of the European Parliament and of the Counc2903.2.2011, p-4.

0 Commission implementing decision of 21 December 2011 concerning the adoption of a financing decision to
support voluntary surveillance studies on honeybee colony losses (notified under document C(2011) 9597)
(2011/881/EU). OJ L3423.12.2011, p.11920.

Commission implementing decision of 4 July 2012 concerning a financial contribution by the Union to certain
Member States to support voluntary surveillance studies on honeybee colony losses (notified under document
C(2012) 4396) (202/362/EU). OJ L176, 6.7.2012, p-69.Commission Regulation No 87/20xf 2
February 2011 designating the EU reference laboratory for bee health, laying down additional responsibilities
and tasks for that laboratory and amending Annex VIl to Regulati@) o 882/2004 of the European
Parliament and of the Cound®J L29, 3.2.2011, p-4.

“ https://honeybees.anses.fr/
https://sites.anses.fr/en/minisite/abeilles/laboratory
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this case a decision will be ngiged on possibly using the information although the ESN/ESP
may not completely fit the criteria.

Relevance is the primary criterion. The subject of research and monitoring should fit in one or more of
the protection goals and/or influencing factors stedl inTable D. Ideally both protection goals and
influencing factors are studied at the same time and pEdlarly the geographical scope should fit

with the intended area or at least with an area that is comparable with it.

To ensure representativess, several parameters such as the number of survey sites (spatial
resolution); the number of years data are collected; the temporal frequency of data (temporal
resolution); must be adequately chosen for the intended purpose. ESPs that only studgcificy sp
niche habitats are judged to be less suitable for PMEM purposes. Furtheiim@ationships
between factors are expected to be established, then associated variables may need to be collected at
each site (for example weather and flowering datecamitant with butterfly monitoring). It must be
stressed that there are no general indications, as much of the details will have to be determined in
function of the monitoring subject. Timing and frequency will largely be influenced by seasonal
events:eg. some animals and plants may only be present/visible during a specific period of the year.
Similarly sample dimensions must be determined in function of the monitoring subject: the smallest
sample size reported in this survey 76hsrsuitable for airbare pollen observations.

Accuracy and reliability depend to a large extent on the knowledge and skills of the data collectors and
analysts. Professionals but also trained volunteers are expected to have the necessary skills. Self
assessment of data colletavould be a valuable criterion to assess the reliability of the ESP data as

wel |, but this aspect is never mentioned on EPS
strictly followed by every performer improves the data quality.

When voluntees are free to choose the monitoring site, they often tend to opt for convenience by
selecting sites close to their homes or particularly natural or attractive areas. Hence, the call for
additional volunteers to fill the gaps is often

Availability of raw data is considered very important as they provide detail on location and time. In
reports data are already summarized and have the advantage that some expert interpretation in
included. Reports usually become available in the ydar #ie observation year. ESPs that report
much later or infrequently will have limited value if PMEM is expected to provide an early warning
system. Reports covering many years are able to demonstrate trends over time. Reports can be
downloaded for freerbm the website, sometimes costs are involved. Raw data can be obtained on
request for free, or is offered as a paid service.

ESPs that collaborate, or are part of umbrella organisations, usually have harmonized data collecting
protocols and the same methof analysis (or have the data analysed centrally). This increases
comparability and coherence.
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Table 14: Matching quality criteria with list of items collected for ESNS/ESPs and recommendations

Quality criteria Proposed fiideal o Information for ESN/ESP Recommendtions

Relevance - Monitoring subject fits with the required- Monitoring subject: Protection goals |- Seek confirmation on fit with

(Does it meet the needs? protection goals or influencing factors Monitoring subject: Influencing factoy protection goals omifluencing factors

- Explore if ESN/ESP can adapt to fit
better.

- Explore if other ESN/ESP is better
placed for the specific monitoring

subject
- Geography fits with the required - Methodology: Geography - Seek confirmation on fit with
geographical scope and landscape - Methodology Geography (specific) geographical scope and landscape
compartment. - Methodology: Area type compartment.
- Explore if ESN/ESP can adapt to fit
better.

- Explore if other ESN/ESP is better
placed for the specific geographical
scope and landscagompartment.

Representativeness - A method to select sampling sitesd - Methodology: Sampling Choice of |- Seek additional information on
grid-based, stratified random sampling] sites sampling sites selection
appropriate for monitoring objectives - Consicer the impact of less
representative data
- Explore if ESN/ESP can adapt the
sampling sites selection method
- A dense and even distribution of - Methodology: Samjihgi Spatial - Seek additional information on densi
collection points over the region of distribution and distribution of sampling sites
interest fitted to the specifics of the - Consider the impact of less
monitoring subject representative data

- Explore if ESN/ESP can adapt densi
and/or distribution of sampling sites

Seek additional information on

- Sample size fixed and justitien relation|- Methodology: Sampling Sample size
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Quality criteria Proposed fiideal o Information for ESN/ESP Recommendtions
to the intended observations and sampling size determination and
sensitivity of the analysis. justification

- Consider the impact of less
representative data

- Explore if ESN/ESRan adapt the
sampling size determination method

- Regular observations at the time relevg- Methodology: Temporal info - Seek additional information on
for the monitoring subject Temporal resolution regularity and distribution of
observations

- Consider thémpact of less
representative data

- Explore if ESN/ESP can adapt
frequency and/or timing of

observations
Accuracy & reliability - People professionally collecting the |- Methodology: Data collectors - Seek additional information on data
(the closeness of information, or &aleast trained to collect collectors and their training
computations or estimatg¢ information in a standardized way - Consider the impact of non/less
to the exact or true value accurate conclusions

- Explore if ESN/ESP can rely on othe
data colletors

- A well-defined and appropriate data Methodology: Data collection - Seek additional information on data
collection protocol is available - Methodology: Protocol description collection protocol

- Consider the impact of non/less
accurate conclusions

- Exploreif ESN/ESP can adapt the dg
collection protocol

- A validation step is included to correct |- Methodology: Analysis Validation |- Seek additional information on data
data validation

- Consider the impact of non/less
accurate conclusions

- Explore if ESN/ESP caimplement a
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Quality criteria Proposed fiideal o Information for ESN/ESP Recommendtions
data validation step
- Data analysis is done accordingto a |- Methodology: Analysi§ Method - Seek additional information on
validated method adequate for the datg - Methodobgy: Analysisi Performancel analytical method and how it is
and performed by people skilled in the performed
method. The method is clearly identifie| - Consider the impact of non/less
and is verifiable. accurate conclusions

- Explore if ESN/ESP can implement &
suitable analytical method

Timeliness & punctuality|- Regular repding at frequency adequatg - Reporting: Frequency - Seek additional fiormation on

for PMEM use. reporting frequency and time lag.
- Time lag between data collection and |- Temporal info: time period - Consider the impact of time lag on

availability of information (data/report) | conclusions
limited to allow effective response in cg - Explore if ESN/ESP can modify
of undesired effect. reporting frequency

Accessibility & clarity - Raw data are available publically or up/ - Reporting: Availability of data - Seek additional information on
request (possibly with limitations) and availability of raw data and associate
can ke used for metanalysis. conditions of use

- Consider if information in other form
of report is adequate

- Explore if ESN/ESP can modify
reporting frequency

- Reports are easily accessible that prov- Reporting: Availability of reports - Seek additional information on
contextual information, results and availability of reports
conclusions - Consider if incomplete reports can b

used for PMEM
- Explore if ESN/ESP an modify
reporting process

Comparability & - Temporal comparability historical - Methodology: Temporal infé Time |- Seek additional information on

coherence information allows comparison over an| period historical information and repeat dati
adequate period. Repeat data (same/ |- Methodology: Temporal info Repeat|- Explore if ESN/ESP can prolong
similar sites sampled every time) allow| data observations
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Quality criteria Proposed fiideal o Information for ESN/ESP Recommendtions
comparative analysis. - Reporting: Historical reference - Explore if com@rable data can be
- Future perspective: Longevity of the| obtained from a different ESN/ESP
ESN
- Geographical comparabilityThe - Programme: Part of other neti¢s) |- Seek additional information on
methodology used for data collection a/- Programme: Grouping other network compatibility of methodology and dat
analysis are compatible and allows - Explore if ESN/ESP can become
integration with other ESNS/ESPs compatible, if required for specific
addressing the same subject subject

- Domain comparability The methodolog|This subject was not covered
used for data collection armhalysis are
compatible and allows integration with
other ESNS/ESPs addressing different
subjects
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In the optimal situation programmes would monitor certain protection goals and influencing factors at
the same location at theame time. Although sometimes the monitoring protocols ask for this
background information, this combination was not apparent from the resulting data. Only in the
summary reports the effect of some influencing factors was occasionally mentioned.

In orderto find ESNS/ESPs that are next close to the ideal that could serve PMEM, a selection was
made using the items that correspond to these criteria:

- Europearwide (a broad geographical area),

- Multisite, even distribution (with a dense and even distributforollection points),

- Temporal resolution of at least 1 year (visited regul@ly,once each year).

- Standard protocol (the method of data collection was standardized),

- Protocol description available (documentation of the data collection),

- Trained pofessionals and/or volunteers (the people collecting the information were
professional, or at least trained to collect information)

- Validation of data is essential.

- Analysis method: univariate or multivariate (documentation of data analysis methods was
required).

- Availability of data (access to raw data either by request or publically available was an ideal;
interpretative reports give extra value).

Although many programmes aim to have their data collection points evenly distributed, this was rarely
theceae (a call for more volunteers témulitlilsitthee, &éugn
di stributiond was Alsalbeml upat nobnhef sdheadi amd Ou
a n al sresonls rbarkedin the database, this was mentioned somewhere on the website or in a

reportof the monitoring programmelso, the continuation of the programme in the future needs to be
assured.

Resulting programmes:

- PanEuropean Common Bird Monitoring Scheme, PECBMS (ESHLD)
- Butterfly Monitoring Scheme, BMS (ESPAR.12)

- European Topic Centre on Water, Eionet Water (ESABY)

- Constant Effort Sites Ringing (ESR0350)

- The Biodiversity Information System for Europe (BISE) (ESP287)

- EEA, Air quality (ESP13227)

Leaving out the requement on malysis methodesulted in more EEAESN130179 programmes
(programmes for which the analysis method was unclear or unknowndf ghem are umbrella
organizations meaning thahey guide and support monitoring and tlwaillection and analysis
methods are not always descriledletail The EEA programmes are an example of this. On the other
hand the EEA programmes mention the possibility to obtain raw Batéhermore, multinational
programmes all report in English. Probably due to the mamiieg involved the time to report is
rather long: information usually does not become available immediately the year after the
observations.
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Case study: Close to ideal ESNs
The ParEuropean Common Bird Monitoring Scheme and the Butterfly Monitochgre have bee
selected as examples of ESNs that appear tlo fulf

=]

The ParEuropean Common Bird Monitoring Scheme is organized by the European Bird Census
Council in cooperation with BirdLife Europe. LikewjsButterfly Conservation Europe coordinates
the Butterfly Monitoring Scheme. Both are Europgade umbrella ESPs that support their affiliated
organisations in data collection and analysis. They aim to harmonize their monitoring programmes
with regard tothe methodology and statistical processing. The line or point transect method is used.
Each year preferably the same individual travels a fixed route and observations are made on sections
or at fixed points for a fixed period of time. Observation poimés sbme distance apart to avaid
double counts. The TRends and Indices for Monitoring data (TRIM) software package is used to
determine species trends over time. This analytical method, based on generalized linear |models,
incorporates procedures to cope lwimissing values, as may often occur in large scale monitoring
schemes conducted by volunteers (Pannekoek and Van Strien, 2005). Statistics are computed by
professionals. On the European Bird Census Council website trends are presented in graphs and
figures for Europe as whole. Links to country reports are also available.

As the PMEM area of interest may be smaller than the EU, a geographic coverage at the level of
Member State is equally important.

Selecting thénventoryrecords for:

- Member state

- Standad protocol

- Protocol description available

- Trained professionals and/or volunteers
- Multi-site

- Observations at least annually

- Validation of data

- Univariate or multivariate analysis

- Availability of data

Resulted in bird data collecting programmes (ES8Q&, -0098,-0157,-0194,-0219,-0247,-0248,-
0251,-0256) and the UK Butterfly Monitoring Scheme (ESPRI126).

Leaving out the temporal resolution requirement for the observations and analysis requirement, will
include programmes that monit@.g. soils (nonitoring every BLO years, type of analysis not
specified), but also other wildlife monitoring schemes for which it was not clear how the analysis was
done (choice was: univariate, multivariate or unknown).

Examples are (randomly chosen):

- Inventaire, Gstion et Conservation des Sols (ESRD83)
- Riksskogstaxeringen (ESPR-0348)
- United Kingdom Cereal Pathogen Virulence Survey (ESF2ES)

The major drawback is that information relevemthe quality criterias eithernotavailableor hard to
find. Goodprogrammes may not be picked up making selections on the available set of information.
An example is the Dutch VOFF (Stichting Veld Onderzoek Flora en Fauna)(EEML} and its
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member networks. They have their data analysed by the Centraal Bureau \#tatisteek (CBS),

whi ch suggests sound analysi s, but more details
(they use TRIM,). The same is true for reports on results (indices on population development) that are

to be discovered at yet another wesssfompendium voor de LeefomgevifigFurthermore, raw data

of these programmes are available upon payment (Nationale Databank Flora en Faun€)Z68N13

Another type of networks that is not found in this way are the data portals that only host data witho
describing the collection methods and without any analysis of the data. Examples are (randomly
chosen):

- Artportalen, Sweden (ESPIR®02);

- National Biodiversity Network, UK (ESP13128);

- Enviroportal, Slovakia (ESP13192);

- Nationale Databank Flora enute, the Netherlands (ESND268).

Only few ESPs approach this ideal situation. Although many ESPs provide very valuable information,
they are likely to be unsuitable for PMEM or may need to modify certain aspects in order to also suit
PMEM objectives anduality criteria.

ESPs that collect information omoth protection goals and influencing factors at the same sampling
sitesare sometimes found/lost programmes that use fixed routes for monitoring animals also record
weather conditions and environmentalanges, if observed in succeeding years. Examples are the
Spanish Amphibians and Reptiles Monitoring programme (E®P333 2 ) and Pl an d
Agriculture (ESP13096).The O0Observatoire de | a bi-B68)issaer si t ®
example of aprogramme that explicitly aims to link biodiversity to agricultural practices using
indicator species. However, the programme is still too young to draw conclusions.

p

(

However difficult, one way to circumvent the issue of few ESPs working at the same time on
protection goals and influencing factésgo search for complementary networks. Therefore, the value
of an individual ESP is also determined by the availability of a complementing ESP.

3.5. Conclusions

Given the broad diversity of PMEM subjects, identifyiadarge number of initiatives (ESNs and
ESPs) that may provide relevant information was not unexpected. Incorporating input from authorities
and risk managers, with lists established by previous initiatives and networks identified by the project
partnersa comprehensive inventory was established. The effort that was required for this compilation
underlines the need to make an inventory publically available that provides such information in a
transparent and reliable way. Further unravelling the relatipsstiearching for more detailed
information on methodology and reports, confirming the validity of the entered information and
keeping the inventory ufm-date is beyond the scope of the project mandate. Yet, for any future effort
to be meaningful thesedo elements would need to be taken up. Without maintenance, this inventory,
like other initiatives, will quickly become obsolete.

The inventory supported the identification of some ESNs/ESPs that seem relatively well suited for
PMEM. Information on methodogy and dad sets was provided as input to simulations of power
analysis. Recommendations were formulated for dealing with ESNs/ESPs that may not completely
correspond to the dAideal o profile for P MisM. I n 1
on information that is missing based in the analysis. In other cases, it may require adaptations if the
data are required for PMEM.

2 http://www.compendiumvoordeleefomgeving.nl/dossiers/nleoa@miurgraadmeters. ht@iE2-76
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The recommendations are pertinent within the context of PMEM. The ESNs/ESPs may irrespectively
provide valuable inforntéon within the framework for which they were established. Still, it is noticed
that more and more initiatives aggregate in umbrella organizations operating at an international if not
EU level. As such it can be expected that along with integration amibhiaation also quality control

and methodological rigour will be more widely shared.

The description otdsumortPMER /laEg8lydetérinined Byl tiie monitoring
subject. Rather than looking at specific parameters, the assessment edntidemat extenthe

choices were inspired by a systematic approach and were justified. Almost none of the ESNs/ESPs
provided a justification on why a certain approach was taken.

Raw data are only exceptionally available, and even then in sonweucaestrict conditions of use.

At this moment, this would prevent medaalysis or other forms of additional evaluation. On the other
hand, summary reports, communications, distribution maps and other publications are issued. While
they represent a contextugiterpretation, they may not allow subsequent comparison with other
reports (different mhodology, different parametemstc). Further integration of information via
umbrella organizations may also address this aspect and lead to more uniform reporting.

Finally, it has been noted that initiatives may be looking at different environmental compartments
within the same geography. Most ESNsS/ESPs observe one asjgeatdpecific protection goal). Yet

in order to obtain an indication on a possible influiegdactor concomitant data would be required.
Usually these are not included by the same ESN/ESP and may not even be collected in the same
environmental compartment. If it is the intention to link changes in protection goals to modifications

in influencirg factors, the overall strategy of the ESNs/ESPs will need to be revisited.
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4, Recommendations for PMEM

4.1. Introduction

The first hree objectives of this wortocussed on collating and analysing information on statistical
methods useful for PMEM anebmpiling a detailed inventory of existing networks that may provide
useful data for PMEM. Having reviewed the statistical methods, it is now necessary to look at the data
requirements needed to support PMEMagfo ecosystems and hente investigate statisticalnal
associated metdata properties that define suitable networkarther to this, it is important that
drawing on all work carried out in this projestcommendations are made and consideratgiven to

how PMEM may use data collected from ESNs, whateats exist when using these data and
networks and the potential for future development of ESNs to enhance the suiftabRibEM.

Defining the appropate metadata to describe ESNsiitable for PMEM(see additional information
collected in thénventory inSection3) is perhapsnore subjective than a strictly statistical perspective,

but it is important to develop some criteria demonstrated by existing networks that would be regarded
as important properties of a netwpik it was to be used foPMEM. Properties such athe
availability of data and access to methodological repafrtdata collection and data treatment are
critical when trying to interpret the results of statistical analy3déss information is essential for
assedsg the relativeimportance of environmental drivers, and mechaniant to distinguish them

from spurious correlations that may be obtained wdresdysing datacross multiple ESN# they are

to be successfullysed in postmarket monitoring.

The statistical propertiethat determine the suitability of an environmental monitoring netvaoik

the data they colledor PMEM can be defined as the power that the network has to detect a potential
change in the ecosysterhe change in theagro ecosystencould be a result othangs in crop
species or variety, pesticid® herbicideuse ordifferent management practicén this context one
would be interested on the effect this chahgs on the environmental indicator monitored by the
network. We, therefore in this setion o the report descrilwkour investigaions intothe power that
networks may have to detesnt ecosysteraffect, by conducting a large scale simulation studkich
coveed a wide range of scenarios that describe and characterise various potential netirodista

they collectand environmental indicators.

4.2. Simulation study to assess potential power of ESNs in PMEM

We conducted a large scale Monte Carlo simulation study to investigate the statistical power that a
network may have to detect a specific effége to change in agroecosystem. Data characteristics

were selected according to the different types and temporal distribution of data collected by
representative network¥he simulation study testl the null hypothesis that there is no difference in
trends over time of two levels of a factor against the alternative that there is a difference. The two
levels of a factor are referred to subsequently as treatment and control and could be the uptake of some
management option or the uptake of a particpladuct for example. Further details are provided
below.

4.2.1. Methods and Algorithm

We considezd environmental data gathered annually at a large number of sites, according to a
standardised protocol. According to the inventory of identified networks, dis¢ated annually is by

far the most common data type and hence the focus dfittaation (Figured). Other regularly
spaced time intervals do, however, fit into the same modelling framewoitke snethods for annual

data frequency will apply to othernporal scales andie can proceed without loss of generality
whilst focussing on the most common occurrence. Initially, we corgldenunt data, again identified

as the clear dominant data type collected by the networks according to the inventoryJ}; igireh
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is typically the number of a certain species recorded by a volunteer obsenveach visitto a
specified site.

500

450

400

350

300
250

200

150
100

50

Figure 4: Barplot showing the frequency of occurrenaésdata collectionfound in the network
inventory . Data collected annually is clgetthe most common.
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Figure 5: Barplot showing the relative frequency of occurrences of different data types according to
the network inventory. Count dateas clearly the most common type of data collected by the

surveillance networks.

We denotd the count takerat site i in yeaj by C;. For data comprising of nemegative integers a
Poisson model is intuitive. Freeman and Newson (2008) developed a model for such data, given in
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1) log (—#“ ) = R, +aP;;,

Hit—1

ThusR is the rate of growth at a site whd?g, = O, and U quantifies the e
covariate, so that ®;; is a simple binary variable (0/1), growthwh&e; = 1 i s reduced (i f
fractione”of that at a site wher@ ., = 0.

We explored this model in aarlier repor{Hails etal. 2012, where the predictor of growtR, was a
simple binary variable indicating whether the site in questiaa receiving a management regime or

6treatmentd of some description. The mncEguwatiolh i ci ent
1, which we shall adopt throughout) is thus a measure of the change in numbers at a treated site
relative to an untreated O0control 6. A test of t

treatment. As the model of Freeman andviien is a simple Generalized Linear Model, this is easily
accomplishedisingan appropriate statistical software packabere we use the glm function within

the R statistical environmentn using this model framework in the simulation study were
consitent with the findings in this report of the statistical methodologies, which revealed GLMs to be
the method most appropriategSection 1.4 andthe most commonly used in the relevant literature.

Within the Hailsetal. 2012 report walsoexplored amethod of quickly estimating the power of this
model in a variety of circumstances. Thigs achieved by simulating a large number of data sets
assuming a particular survey structure and set of relevant parameters of interest. The process is
straightforwad, but computationally intensive even to estimate the power in a single hypothetical
situation. We thuseref ur t her devel oped the calculation of a
to the set of variables used to simulate the data. This procadane requird considerable initial
computational outlay, but once calculated the poweatdbe estimated almost instantaneously for any

set of realisti@nvironmental and datonditionsby using the estimated equation to make predictions

We hereexplored this option further to provide a useful tablat canestablish an estimate of power

that a network may have to detetite specifc effect under investigatignduring post market
monitoring. The aimwasto develop a model whereby weutd predict powerfrom a function otthe

key properties, initially as follows

2) g(8) = ap + X5, a.X,

whereay i g are unknown parameters corresponding to the baseline power and coefficients associated

with the factors influencing powekX{i X.) , d (0<d<1) i s astthe probpbditwefr ( e x g
rejecting the hypst aesiappropri Bt@) |l amé function
range (0,1).

Power can of course depend upon a large number of factors, which when grouped together form a
iscenar i tadors comsidered ehere, based on previgpusollected information were the

number of sites in the survey, and the proportion of these to receive some treatment; the number of
years over which thewere visited and the proportion of visits thaere missal; the annual rate of

increase (assumed constant) at a control site, the average number of individuals (e.g. animals) counted
atasitmt the onset of the survey (O6year 16) and th
and of course therste ngt h of the treatment effect U itself.
in the context of PMEM and to provide information on suitable networks, it is important that the
scenarios simulated are as representative as possible of the range dfatlat® available as
demonstrated by the netwarkventory. The scenarios should also cover factors concerning the actual
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influencing factor ofagro ecosystem change (e.g. product releabe)summary, a total of nine
predictor variablesX; i Xg as in Equation 2,are consideredhat are definedin Table 15. These
predictor variablesverechosen to represent different types of data and the different factors considered
to influencestatisticalpower.Where possible, the rargyasedfor each of the factormvolved were

cross referered with the informationfrom the network inventory, so that all realistic scenavese
covered in the parameter space of the simulations.

Table 15: Definition and range ohine predictor variablesisedto simulate data sets which would
then be analysed.

Variable | Variable Name Definition Range considered

The average annual rate of change
( Agr ovat la )untreated site,
Slope; (= Slope, assumed constant
here)

X1 Slope. -0.1t00.1

Xs N_sites. The number of sites visited 5 to 500

The proportion of sites treated (e.g.
the proportion of sites that have
adopted a particular product /
management regime)

X3 Treated 0.01to 0.5

The average log(abundance) at a

site in year one of the survey Oto2

X4 Abundance_Mean

The variance of the log(abundance)
measures at each site in year one of
the survey; a measure of inter-site
variability

Xs Abundance_Var 0.1to5

The proportion of survey visits

Xs Missed missed

0to 0.5

X7 Duration The duration of the survey 2 to 10 Years

Scale parameter: A measure of the
excess residual deviance, or
Xg Scale overdispersion in the data (USED Oto5
WHEN GENERATING COUNT
DATA)

The magnitude of the difference
between the two treatments. This is
Xo a (alpha). change on the same scale as slope -0.1t00.1
and therefore represents change
over 1 year.

Each scenariavastherefore defined by a set of values fortX Xy. We produceda large number of

datasets for each scenario by generating random Poisson counts matched to the model of Freeman and
Newson (2008) wh the inclusion of site level differences and observation level error as shown in
equation 3. The model was fitted to each scenari
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values for U (indicating tfronetheiraplEates was recomlédi This o f &
gavean estimate of power for each specific scenario.

3) log (ﬂ) = Ry +aPiy_y +Vy; + 6i

Mit—1

The simulation algorithm is as follows:

1. Generate expected counts over time by conditioning on realised values defined By the
predictor set Xi Xy and by using the population growth model defined by Equation 3.

2. Fit the model defined in Equation 1) to a realization of this expected time series using & GLM
and test the hypothesis that U=0.

3. Repeat 12 using the same predictor set iXX,, generating 1000 distinct data sets and stpre.
the number of times a significant value of ] U is
4, Repeat 13 using new draws from the stochastic distributions of the predictor;geXX to

generate 200 values corresponding to how many of tB@ d&inulated data sets returned a significgnt
value of U.

With the process repeat@0 times, D0 estimates;®f the number of significant results based upon

200 scenarios defined by the valuesXo, | = P00ORere§ e ner at e dasthed estimated d

by assuming the; 8re binomially distributed,;S Binom@0 0 0, d) wi t h-X.lia eqeatioat ed t o
(2). Logistic regression was used to derive the equation predicting this power from the known values

of the various parameters from which the datsergenerated.

The advantage of the methadsthat, once the parameters in (@@reestimated, theyauld be used
quickly to derive an approximation of the power for any chosen combination of predictor variables X
Xg and the relationship between powedamy of these covariategas easily explored, without the
need to repeat the compuistensive simulations every time.

Freeman and Newson (2008) considered only the Poisson caasplissible to extend the theory for
Binomial models (applicable, forxample, to binary data such as the simple presence/absence of
records for a species at a site) or to continuous data assumed to fdllmwal distribution, as might

be appropriate for measurements of many environmental variables. (Note thatastitheus data

are generally positive, we have assumed that the log of the variable is normally distributed and the
positivelyvalued data themselves are H4ogrmally distributed). The model was easily extended to
accommodate binary and continuous data, owingst GLM structure, and the process was repeated

for these data types.

4.2.1.1. Defining treatments and controls in PMEM

In this Section we have used the terms treatment artdotom define the different regimes weere
interesed in and the different factote test for an effect betweehlowever, as wevere concerned
with postmarket monitoring and evaluation, wigl chot mean ontrol in the strict experimental design
definition of the term. A true control would not exist for most ESNshase is justcountrywide
surveillancelf one wants to determine whattrue 'controlis, one needs to know where exactly the
uptake of the agricultural product or practice takes pl@twiously, at the time of monitoring this
would not necessarily be knowrThe term conwol here therefore refers to all the areas and
observations that are essentially not in the treatment category. For PMEM, thdse imflbrmation
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available on where the treatment areas were and what observatiomshés category. The analysis

then conpares these observations within the treatment group to the observatiofshasigroup. It is

this group that we have referred to as the control group. If the sample design is biased or the uptake of
the treatment group is biased, this definition oftomncan have impact on interpretation. This is
discussedurther in Sectiort.4.

There is a further scenario one could anticipate where there is no available information on where a
particular product had been applied. In this case one would examitieitkdein an ESN indicator

before and after the introduction to see if they were equivalent. If the before and after time periods,
were assumed to be the same, then this scenario is covered by the existing model defined in equation 3
where essentially werae t esting for a difference in regress
the scenario where only an introduction date was known, the treatment categories would be before and
after this date. If the time periods were very different, then methodslmband analysed in Section

2 can test for the hypothesised change in trend at the time of introduction.

4.2.2. Results

There were clearly unlimited ways in which estimates of power from these equatioulsl be

presented; indeed their valueosefrom the spegé with which such a large range¢ data variables

could be explored. A few examples, which encompdske range of potential inputs according to the

network inventory, are presented here. All graphs sglogachindividual factor plotted against

statistch power to detect the fAtreatmento effect. It
0.7-0.8 is considered adequate for ecological data.

Figures6-8 quantify the improvement in power of the Poisson mdagplicable to count data)s the
numbersof sites surveyed or the duration of the study is increasedilsoshows that high power to

detect change of reasonable magnitude is achievable from a study of realistic dimensions. Under the
Binomial model (for binary dataFigures9-10), poweris muchreduced and substantial numbers of
siteswererequired to achievenore than modest power. This result wasdictable as the information
contained within the dataasreduced: each annual observation at each site being merely a binary
variable correspondg to presence or absence, and clearly considerable change in the population is
required before itvas manifest in such datahis implies that if an ESN has the ability to capture
information on abundance, cover or value rather than simply whether eomething was present,

then, for the same number of sites monitored over the same time period, far greater power exists to
detect theeffect of a specific treatment.

Note that for the Poisson/Binomial distributions, the variamesm® entirely determinedby the model
specification; thisvasnot the case under the assumption dfceimal distribution and the variance is

an additional free parameter to be estimated in the modelyasadopted as an extra predictor in the
generic equation. The relationshiptveen this error and the averagdue of the observationsas
critical in determining poweMVhen the error is large with respect to the initial mean abundance, for
example, powewaslow (Figure12), although with an enlarged studgth a greater numbeof sites,
acceptable powewasrecovered (Figuré3).

Figure 6: Power of Poisson model to detect specified negative (a) or positive (b) treatment effects

(U, in the not ati on of Freeman a-nod schiereespscidian 200
parameters. All parametersareh d const ant those tarfimgralong thesaxis Id eaam d

di agram, these constant values beiOlgblagks0.035hown b
(pink),-0.05 (blue);0 . 025 (red) and O (no effect; green). C
(pink), 0.05 blue), 0.025 (red) and 0 (no effect; green)

EFSA supportingpublication 2014:EN682 77

The present document has been produced and adoptedtmdike identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded ftélodéng
procedure. The present document is @itg#d complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European food Safety Authority reserves its rights, view and peggials éhe
issues addressed atte conclusions reached in the present document, without prejudice to the rights of the authors.



Centre for
(@ 3)t0) Ecology & Hydrol .
o - Review of methods and data for PME

Other parameter values, where fixed:

Control slope 0.0
Log Initial abundance (mean) 0.1
Log Initial abundance (SD) 2

No. sites 250
No. years 5
Proportion of visits missed 0.3
Proportion of sites tread 0.5
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Figure 6 (a)
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The graphs above show that, for this particular scenario of count data, the number of sites and the
number of years of monitoring affect the power to detect an effect the most. Changes in these
parameters greatly affesztthe power to detect change. The slope of the control sitdvéxy little

effect on power, which shadthat even if there was a strong background relationship over time, an
additional effect could still be adequately captured. Reasonable power (ofteneoetdiol be 70

80%) is achievedn many cases, though rarely whehis of a small magnitude (e.g. red line
representing) =-0.025). As the proportion of sites treatedato the optimal value of 0.5 (which
represents equal data in each of the treatmentral categoris), the power significantly increased

For | ar g e-0.l¢llackelioe) a verfy Bhwall proportion of sites treated (approximately 0.22)
provided sufficient statistical power.
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Figure 6 (b)
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When the treatment effectgere positive,i . e . when Uwefbyery tsitmiar tor whenuHet s

treatmentwasdetrimental. This mirroringvasnot unexpected, but as a separate model was built for
the two cases, there was no reason that the results should be equivalent. Here we agairheee that t
number of sites and the number of years of monitoring are the greatest influence on power.
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Figure 7: Power curves with fewer sites/years (where appropriate) compaFégure 6. Numbers
of sites and years are respectively 150 and 4 (a) and 100 and 3 (@heklparameters as Figuse
negative val ues 0.1 (black)tolzero (greerd, alsola®Rigére f r o m

Figure 7 (a)
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When the number of teis and number of yeanmsdramdically reduced (for the values that are held
constant), we @uld see the greater influence tife variation in initial abundance and the effect of
missing sites. When we had sufficient data, i.e. in the previous F@utiee variation ininitial
abundance had a lesser effpethaps as the series had time to converge somewhat or reach some form
of equilibrium. Likewise, as data observatiowgre scarcer, if we hda high number of missing
values, this decreadé¢he power considerably. Both of these factors sugdeksat an ESN with few

sites should take extreme care to ensure that as few olises\ate missed as possible.
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Figure 7 (b)
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As the number of sites and years of monitonmgre reduced even further, weoald see that the
relationships between each of the parameters and power eghtiaénsame, but that overall power
wasgreatlyred ced. Her e, even f 040.1 blacklme), suffigienupeveeoctdf U ( e
only be obtained by significantly increasing the number of sites or the length of time series. No
amount of care taken to avoid missing values or to optimise thearuwhlobservations in the treated
category ould generate sufficient power.
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Figure 8: Power curves with more sites/years (where appropriate) compaFégute 6. Numbers
of sites and years are respectively 350 and 8 (a) and 450 and 10 (b). All other paranfégers &s
negative val ues 0.1 (black)tolzero (greerd, alsola®Rigére f r o m

Figure 8 (a)
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When the number of sites and the lengtimohitoringwerehigh, the vastajority of cases, even for
Il ow | ev eltadinoehsondhle statica polver. Only dow proportion of treated sites, when
the effect of the treatmentaslow (red line), resuétdin insufficient power.
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Figure 8 (b)
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Whenthe number of sites and length of monitoring incrda&sen further, reasonable statisticalyer
was achieved under all scenarios.
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Figure 9: Power ofBinomial model to detect specified negative (a) or positive (b) treatment effects

(U, in the notation of Fr eeman a-nodschdraaspscifim |, 200
parameters. All parameteneren e | d constant, ot her texaxsinBacmand t h
di agram, these constant values beiOldgblagks0.035hown b
(pink),-0.05 (blue);0 . 025 (red) and O (no effect; green). C
(pink), 0.05 (blue), 0.025€d) and 0 (no effect; green)

é
(
¢

Other parameter values, where fixed:

Control slope 0.0
Logit Initial occupancy probability (mear 0.8
Logit Initial occupancy probability (SD) 0.5

No. sites 250
No. years 5
Proportion of visits missed 0.3
Proportion ofsites treated 0.5
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Figure 9 (a)
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For the Binomial model, used for binary presence absence type data, wesdower power
achievable than in the equivalent Poisson case. Whisas one would expect as the count data
analysed in the Poisson sea contaied more information than a simple binary indicator. This
additional information prowe&to be vital as in thé&inomial case herereasonable powewas only
achieved by significantly increasing the number of sites or the length of monitoring.pathereters
had very little effect under this specific scenario.
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Figure 9 (b)
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Similar to the Poisson case, tBeomial model for binary data also shedthe mirroring we would
anticipate for when U i s a negative
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Figure 10: Power curves with more sites/years (where appropriate) comfmafégure 9. Numbers
of sites and yearwererespectively 350 and 8 (a) and 450 and 10 (b). tlepparameters as Figure
9; negati ve wesekhovensromeOfl (bldck)donzery (green), also as Figtire

Figure 10(a)
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Here the number of sites and the length of monitoring) been greatly increases and weuld
immediately see that laeg magni t ud@s1,ofblUacRIO?, pinkeine)oauld b =
detected with sufficient statistical power. Whaas also noticeable is how the proportion of sites
treated ould affect power in this case. Even with a large number of sites and &rungeries, if the
proportion of sites treateelf below 0.3, power no greater than approximately 56¥dbe achieved.

This wasfar more influential on the binary data here than for the count data analysed in the Poisson
model.
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Figure 10(b)
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Whenthe number of sites and length of monitoringsincreased even further, wasclear that the
act ual v athewreatestinfluehcehom power. Large effeotdabe estimated with reasonable
power , but s-025, fed lmd)ese adt saptufet with any more thapproximately
20% power in all cases.

Figure 11: Power ofNormal model to detect specified negative (a) or positive (b) treatment effects
(0, in the notation of Fr eeman a-nodschdraespscifim |, 200
parameters. All parametengereh e | d ¢ o n st a n tthoseoanying alog thehxaxis in@acta n d
di agram, these constant values beiOlgblagk)s0.035h own b
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(pink), -0.05 (blue);0.025 (red) and O (no effect; gree@)ur ves in (b) represent L
(pink), 0.05 (blue), 025 (red) and 0 (no effect; green)

Other parameter values, where fixed:

Control slope 0.0
Log Initial count (mean) 2
Logit Initial count (SD) 2
No. sites 250
No. years 5
Proportion of visits missed 0.3
Proportion of sites treated 0.5

Observation epr standard deviation 0.1
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Figure 11 (a)
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For continuous data, analysed using Mamal distribution, wecould see that the observation error
associated with the sample datal kize biggest influence on power. As the error incréaes pover

to detect an effect, no matter how big, significantly redudénis parameter lthan even greater
influence than the number of sites surveyed or the length of the monitoring activity. This etiggest
that ESNs should do all they can to ensure that oagerverror is kept to an absolute minimum,
perhaps by quality control procedures or greater training of  surveyors.
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Figure 11 (b)
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For positive val ues weréobsdryed with the cbsenwetion ereot againibeings h i p
the most dominant factor in influencing power.
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Figure 12: Power curves with greater observation error and initial cowttelle appropriate)

compared to igure 11. Observation error SD and log initial count are respectively 0.8 and 1 (a) and 2

and 0.5 (b). All other parameters dgu¥e 11; negative values -0.I(ladkkonly a
to zero (green), also as Figure

Figure 12(a)
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Figure 12 (b)
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As the observation error increaseven further, the plots shed that only a very long time series,

40%.

with a large effeco f oWlddreesul t in sufficient -Oplpblaekiline)( Nomemb e r
of the other parameters owld achieve power greater than
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Figure 13: Power curves with a selection of values for no. of sites/years, observation error and initial
count vhere appropriate) compared toigere 11. Observation error SD and log initial count are
respectively 0.8 and 1 (a) and 2 and 0.5 (b). In each case 350 sites wedciwi8 years. All other
parameters as Figuld; negati ve val ues -@&if(bladk)tozeto ygreen), @so ash o wn
Figurell.
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Figure 13 (b)
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As the number of sites and the length of mming wasincreasedye saw thatthe biggest influencing
factor on the poweto detect an effectvasthe size of theeffect itself. Therewas clear separation
between the powaturves for differentlevelsdd, wi th | ow ef fect siedes
power above 20%, whereas high effect sizes (e.g. blackditez) produed power in excess of 60%.
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4.2.3. Geneic Equation

The generic equation as defined in Equation 2 was estimated separatelyHinotinéal, Poisson and
Normal cases and also, in light of issues around fitting, separately for positive and negatives values of
U As powerwasconstrained to lie dtween 0 and 1 a logit link function was used Biromial gim
evaluated in RThe resulting goodness of fit plots for each of the 6 models are shown ibdiigure

14 and show that the generic equatioisalreasonable job of estimating power. Havirgreined the

fits, we ®uld be confident in the shapes of the relationships estimated between the predictor variables,
X1 T Xg, and power. Although thereas error associated with the power estimation, the speed and
efficiency of the equations provide ugful tool and guide for power estimation in this conté.

the generic equation is based on a model of power that is linear in the fixed effects, performance and
better model fit could potentially be achieved by investigatinglim@ar associations. Riner work

would be needed to consider this in detail.
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Figure 14: Power estimated under the appropriate geremriiation (y axis) versus that observed from
a number of repeated simulations (x axis): Poisson(top), Binomial (centre) and Normal (bottom)
models, with U < 0 (left hand panels) or U>0 (ri
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The coefficients of the resulting power equasicare given ifmable 6. As predictors, we used the
strength of the ef%aedditstorder intdrastiens getwadhr ah d ct b e r me fa i
variables. Doing this ensut¢hat the predicted powevast he same for U=Qluesi rresp
of the further parameters. Under the theory, this value (by definition, the probability of rejecting the

null hypothesis of no treatment effect even though it is true) should be equal to 0.05, as testing was
carried out at the 5% significance levEhough itwaspossible to constrain the power to exactly equal

this value, we harather left it as an estimable intercept, thereby providing an additional means of

mo d e | verification by c¢omp aroévaug 0.05A9 tle nuelesiverenat e d v
given on logit scales, the intercept should be equdl.fh Appendix6 providesa clear guide on how

to use these models in practice to achieve estimates of power.

Table 16: Coefficients in linear equations used to approximate power in the modbls oégtort.

Predictor Poisson Binomial Normal
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U< | U> | U< | U> | U< | U> |
Intercept -2.67 -2.19 -2.44 -2.39 -3.01 -2.84
V] 92.08 -90.33 21.50 -21.21 -24.69 31.69
V3 -178.36  -132.34 77.99 115.21 -73.48 -204.6
U: Sl o pe -92.24 16.77 -16.29 -13.22 -9.19 29.27
U: Abundance _ -27.24 21.27 -1.17 -1.45 -0.95 1.08
U: Abundance _ -28.17 19.79 3.13 -3.92 1.16 -0.96
U: Duration -13.62 11.80 -3.25 2.93 -5.51 5.49
U: Mi ssed 61.88 -19.40 10.09 -10.64 40.65 -0.11
U: N ~ Si-Treated) ( 1 -0.029 0.075 -0.016 0.01 -0.016 0.0078
U: N _Sites*Tr -0.55 0.44 -0.13 0.14 -0.14 0.089
U: Si gma 15.82 -0.16

Notes: coefficients of models given on logit scales.

4.2.4. Mapping real data onto the power curves.

The plots shown inigures6-13 demonstratg multiple scenarios fed into the generic power equations

and the resulting peer relationships with individual factors. The same approach could be taken to
investigate the power that an existing schentthadetect a change in a given indicator over a set

period of time. As an example of mapping some existing networks onto tkkecdpower curves, we

chose 5 networks that meet the idealised stan@@®iSection 3) These were: Vigi®ature, Bats;

Dragonfly Monitoring SchemeThe Netherlangs Common species census (Slovakia); Census of
wintering and staging wildfowl and geese t#sa); and the Buérfly monitoring scheme (The
Netherlands As information on gecific indicatorswas unknown forthese sitegwe do not have

detailed information on the mean value and variance of a specific specimsnber of assumptions

had to be rade in order to produce power curves. Assumptions were made for parameters for the
Poisson,Binomial and Normal cases in line with those values assumed in Figae®a and 1a
respectivelyOnly data on number of sites was taken from the inventory tothesge networks onto

the power curvesPower was plotted as a function of sample size in each of the fPoEsdn,

Binomial andNormal) cases so that the values observed for the individual networks could be added.

The resulting power curves are shown Rigure 15 and demonstratethat, given a number of
conditions, some of the networks show the potential for high statistical plovtbe Poisson case (a)
andNormal case (cyeasonable powarnder the hypothetical scenaki@sachievedfor all networks

apart from theCensus of wintering and staging wildfowl and geeseen U i s | arge (bl a
the Binomial case (b), only th&utterfly monitoring schemewith its large nhumber of sites, achidve
reasonabl e power for high, | @uteflymonboéng échemiithe | ow |
Poisson case, achieddigh power. Both th&inomial andNormal cases fagdto achieve reasonable
power, even for the | ongvestov. and bi ggest networ ks

ower

T T T T T
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4
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Figure 15: Power against sample sizeoftkéd for: a) thePoisson ase- parameters as defined in
Figure 6a; b) theBinomial casei parameters as defined irighre 9a; and c) theNormal casel
parameters as defined imgEre 11a. Existing monitoring networks are superimposed showing where
their current power lies given their sample size. Solid line: Butterfly mang scheme, Long dashed
line: Vigie-Nature, Short dashed line: Dragonf§onitoring Scheme, Dotted lind ommonspecies
census, Dot Dash lin€ensus of wintering and staging wildfoand geese.

As Hgure 15 above exemplifies one specific scenario, the task was repeated using different values for
the initial abundance mean and initial abundance varidi@se were halved in all cas@$e results

from the same exercise under thisw scenarioare presenteth Figure 5. We can see that this has

not made too much difference in each of these cases presented. [Ebts wefiat is shown in Figures

6a, 9a and 14, where initial abundance didt have too much influence on the overall powe

T T T T T T T T T T T
0 200 400 600 800 1000 o 200 400 600 800 1000
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Figure 16: Power against sample size plotted for: a) Hoésson case parameters adefined in

Figure 6a but with log initial abundance mean and sd hagh®Bdthe Binomial casei parameters as
defined in kgure 9a but with log initial abundance mean andl Isalved and c) theNormal caseil
parameters as defined Fgure 11a but with log initial abundance mean and sd halVexisting
monitoring networks are superimposed showing where their current power lies given their sample size.
Solid line: Butterfly maitoring scheme, Long dashed lindgie-Nature, Short dashed line: Dragonfly
Monitoring Scheme, Dotted lin€€ommonspecies census, Dot Dash lieensus of wintering and
staging wildfowl and geese.

4.3. Networks Suitable for PMEM

It is important that considation is not only given to the statistical prajes of any network prior to
itsuse for PMEM, but also to its reporting properties, geographic properties and the protocol adopted.
This is especially important when consideration involvement in PMEMis based on existing
networks without any alteration or amendment to their current data collection and reporting &rategy
planned or possible

In collating the inventory of networks, a set of criteria and their properties were identifiedothdt
define an idealised networlsde Section3). In practice this is very difficult to define and often
suljective. However, there are some elements that are important to have inforadadionf a
network is to be useful for EMiide PMEM andit recognized thasn effort to identify the networks
that go some way tachievethese standards is important

In identifying the different facets of networks that contribute to an idealised contributor to PMEM and

from the work undertaken in compiling the invent@Bectian 3), it is clear that difficulties remain in

bringing together all the relevant information due to inconsistencies in reporting and archiving of
important supplementary information. Broader scale umbmtgnisations providen excellent

foundation for pulling together this information across networks and achieve some element of
consistency. These broad scal e i rSiitableaBUidee s hav
n e t w aandkhghdight the importance of EWlide programmes that bring togetheramhation that

would be crucial for PMEM.

Table 17: Summary of the key attributes that make up diiféerent network classes considered
together with some examgléor these standard netwottksit werddentified within the inventory.

Network Class Criteria Example ESNsthat meet the criteria
PanEuropean Common Bird Monitoring Schem
Suitable EU-wide Networks  Europeanwide PECBMS
Multisite, even distribution Butterfly Monitoring Scheme, BMS
Observations at least annually European Topic Centre on WatBipnet Water
Standard protocol Constant Effort Sites Ringing
Protocol well documented The Biodiversity Information System for Europe (BISE)
Trained surveyors EEA, Air quality

Validated data
Analysis method well documented
Access toaw data

Suitable national networks Member state Base de Données Analyse des Terres
Multisite, even distribution Suivi des Analyses de Terre
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Observations at least annually British and Irish Ringing Scheme
Standard protocol Broedvogelnonitoring
Protocol well documented Landelijk meetnet viinders
Trained surveyors Zoogdierenvereniging
Validated data The UK Butterfly Monitoring Scheme
Analysis method well documented Breeding Bird Survey
Access to raw data Seguimiento d Anfibios y Reptiles de Espafa
Possible networks’ more
information needed Member state Inventaire, Gestion et Conservation des Sols
Multisite Riksskogstaxeringen
Standard protocol United Kingdom Cereal Pathogen Virulence Survey
Trained surveyors Base de Donnees Carbone France
Validated data Suivi des Analyses de Terre

Analysis method well documented Meetnet Reptielen
ECN data centre
Nationell Inventering av Landscapet i Sverige
Watervogeltelling
Hauddinnustiku punktloendused

4.4, Conclusions

Having examined the statistical power to detect a treatment effect under a range of scenarios and
produced an equation to easily estimate power under differing conditions / hypothesised changes, we
could use thisto make recommendations for environmental networks and their use for PMEM
regulated poductsin the future In particular, the power estimates provide useful information when
considering any potential changes to networks for their specific use in PMERr@ride some key
context when interpreting nesignificant effects.

4.4.1. Sample size

It is clear from the derived generic equation that sample size is one of the main contributing factors in
determining the power of any network to detect an effect of a eeteate environmerdf a product

Sample size, unlike many other factors such as magnitude of the effect, is somethiogatieattain
extent,the networks themselves can conff@me volunteer networks have little or no control over

this however) Thereforesample sizdés something that could be investigatedd recommendations

could be maden a more appropriate number of sites that are required to increase statistical usefulness
of data obtained fronthese networksFor any specific network, the gmic equatios, givenin
Section4.2, can easily be used to look at the sample size to power relationship, as shown in the power
curves for the case studies investigated. There are, howeveg, isgrortant aspects to consider
which are describebtelow.

4.4.1.1. Combining networks

There are some clear examples of networks in the inventory that collect the same information on the
same environmental indicator but across different geographic regions. Eacls@hdh@orks is
analysed individually and the power to dettan effect is related to each specific network. Given such
scenarios where the same databeing collected, it would seem obvious to attempt to combine the
data and analyse the pooled resource with increased power tretheseparately analysing thata

from each networkwhereeachof these networkkas low sample size and thereftoe power These

small separate networkway give different results especially if some locations across this broad
geographical scaleavenot had the same exposure toet product whose poestarket effects are being
assessedlhe variation among sites may then hide the effect of the product that was significant at
some of the sitesCombining results for different networkstherefore,is perhaps not as
straightforward ag may seemas there may be important covariates influencing the response variable
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across different geographic regions and different elements of variability from each constituent data
supplier.

Let us consider an example of tRanrEuropean Common Bird bdhitoring Schemewhich is an

umbrella group of multiplenetworks each operating at Membenafe level. If we make some
assumptions about the parameters in the generic equation, we can investigate where each member
organisation lie®n the respective poweurves given its sample size and length of survey. This was

done only for the Poisson case as birds are typically recorded as. cBigutse17 shows the resulting

power curves for 4 member networks of the Fanopean Common bird Monitoring scheme veher

the parameter input values have been fixed according to:

Control slope 0.0
Log Initial abundance (mean) 0.1
Log Initial abundance (SD) 2

Proportion of visits missed 0.3
Proportion of sites treated 0.5

Thedifferent lines represent different leveisU{solid line =-0.1,dashed line =0.075,dotted line =
-0.05,dot dash line =0.025}. The figure shows that generally the longer running schemes with the
highest number of sites have the greatest power. The differing shape of the power curvdgshow t
for some networks (e.g. Denmark), there is little benefit to be gained from adding additional sites,
whereas for others (e.g. Slovakia) there can be largargpower withlittle extra effort.
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Figure 17: Example Poisson power curves against sample sizedfoetworks, with their current
sample size indicated.ines indicate different levels di s ol i 40.1; dashee lindl =0.075;
dotted lineU =0.05; dotdash lineJ =0.025.

When attempting to combine data across networks we had to a) take the most conservative value
across the individual networks for variables such as length of iemecheme had been running and b)

to make assumptions about any additional hierarchical variance component. avhia gery
approximate idea about power, but more clepriyvided informationon the potential gains thabuld

be made whedata isanaly®din this way. The resultingower curve is showin Figure B, where

the combined sample size across the 4 networks is indicated by the vertical bladkolirtbe
Slovakian networka major gain in powerauld be achievedvhen aradditional number of siswere

added, whereas for the othegtworkspower is reduced as the length of time series has been reduced
to match that of Slovakia. This does, however, assume that the control slope and background noise in
the population is equivalent in each of th#edient networks. This of course may not necessarily be

true andundercertain circumstances power can be lost when combining networks because of added
variability in the data. The results from the simulation study showed that in most scenarios, power is
independent of the slope in the control population, but high variation in the data can dramatically
reduce power. More complex hierarchical models whadeededo fully investigate the advantages

and disadvantaged combining data across networks.
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Figure 18: Poisson power curve of combined data across the 4 netwakksg most conservative
values across constituent networks for length of time. Combined sample size is indicated by the
vertical black lineLines indicate different levels & s o | i -@.1; dashedelin€lU=8.075; dotted

line U =0.05; dotdash lineJ =0.025.

Van Strienet al. (2010) analysed data post trend analysis and there may be value in taking that
approach rather than pooling raw data and analysamyshown atve. There may be some merit into
looking intothe Van Strien methodsing pooled datan parallel tothe power analysipresented here.

This is because in some circumstances there may be additional power gained if all the data for a
particular network aa be used to estimate its trend then these trend estimates are modelled together,
whereas for other networks more value could be gained by pooling raw data as opposed to derived
metrics.

To investigate combining data from networks further and in sufticienail, one would need to
conduct further simulation studies that include additional levels of variation in the model hierarchy
and allow for different protocols in differing grouguch an investigatiowould also need to take

into account the differénlengths of timethat each constituent scheme has been running and the
different numbers ofitreate@ and missed sitess defined in Table 1&\s some schemes are volunteer
based and some professionally surveyed, differences in the observation emeedl$o be accounted

for. However, this would needulge scale, complesimulation studieshatareextremely difficult and

timel consuming. Furthermore, the analysewould probably need to be run on a chgecase basis.
Thereforethere ispotential for further simulation studies that, in collaboration with the generic
approach to power estimation presented here, seek to further understand the advantages in pooling
data from different sources.

4.4.1.2. Associated Costs of increasing sample size

The simulation stdy showed thatnicreasing the sample size of any moitgrnetwork or survey
activity has a positive effect on the power to detect any treatment.dffeatever, increasing sample
sizes, in most cases the number of sites surveysdes at a cost. The asgted costs of increasing
sample sizes depend on many different factorsamadpecifidor each networland the type of data
collection they carry outwhich maks it very difficult to consider general implicationg/e herefore
examinel two specific mtworks run by the Centre for Ecology and Hydrology: the Wider Countryside
Butterfly Survey (WCBS) and the Countryside Survey (CS). These two schemes operate very
differently and the costs involved in increasing the sample size provide some context when
considering this option.

The UK Wider Countryside Butterfly Survey, sap in 2009 ¢ compliment the UK Btterfly
Monitoring Scheme is a network of standardised fixed route kgaltransects) established at multiple

sites and surveyed for butterflies eachayeon a regular basis under reasonable weather conditions
from the beginning of April until the end of September. Transects are located in a stratifiedh

sample of km squares across the UK and are mainly surveyed by volunteers, though a small number
of sites are surveyed by professionals. Approximately 700 WCBS sites were sampled in 2010.

There are two possible approaches for increasing sample sizes within the Wider Countryside Butterfly
Survey: professional andainedvolunteer. Here we focus omdreasing the samplgize by using

trained volunteers as it provides a contrast to the purely professional approach adopted by the
Countryside Survey. Very approximate calculations suggest that for an extra 100 squares (an almost
15% increase in samp#ize) a oneoff recruitment cost of £30k and thereafter an annual cost of £10k
would be appropriateOver a 10 year period the associated costs would therefore be approximately
£120k for an extra 100 squaressing the generic equation we can estimate thee@&se in power if

800 sites were surveyed over 10 years against 700 sites over 10 years. In this case the generic equation
reveals that for the £120k spent an estimated potential increase of 6% in power could be achieved.
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Countryside 8rvey (CS)is a strafied random samjgl of 591 1km squares over Great BritajGB)
conducted entirely by professionals with extensivaly Assurancend Quality Control procedures

in place to ensure optimum quality and efficiency of the data. Within each 1km sdeizied data

on a high variety obiophysical measurements are takirtluding extensive botanical surveys, soil
measurements, water quality and habitat condiitee design of the survey ensures that it is spatially
representative of GB and unbiased in teiwhssampling effort. However, as it is only conducted
approximately every 8 years, the temporal representation is weak and the time taken to detect any
effects is therefore affectedong time periods between surveys would miss short term effects caused
by small releases gbroductssubject to PMEM and it would be very difficult to prove cause and
effect.

To improve the suitability of CS for PMEM, there are two options: the first is to increase the number
of squares; the second is to conduct the surveyoae frequent, regular time intervals, thus enabling
higher resolution temporal analyses and changes overtime to be examined.

With previous experience of CS, the average cost per square across the UK is approximately £7Kk.
Again, we can use the generiguation to look at how this cost translates into power gained. Rather
than 600 sites every 8 yeawge can look at the power to detect an effect against cost if 100 sites were
surveyed every year or if 800 sites were surveyed every 8 years. In thisheagenéric equation
reveals that for the extra £1.46M spent, it would be better to sample every year (potential increases in
power of up to 42%) as opposed to surveying 8ii@sonce every 8 years (potential increases in
power of up to 11%).

The comparien of the WCBS and CS in terms of the cost to power gained is interesting due to the
differences between the two schemes in terms of volunteer and professional recording. Whilst the use
of volunteers can offer significant increases in sample size foivedlatittle extra cost, it often
induces further sources of variability. Furthermore, one has to recognise that there is a limit to the
sample size achievable as the pool of available volunteer surveyors is not inexhaustible. The use of
professionals is ore expensive, but the ability to have more contnadr sample location, effort,
consistency and observer qualitgan result in higher returns in power for the same number of
additional sitesCost and sample size, along with other facets of the survegudation should be
translated into power before making any comparison. It is therefore important when consideration is
given to changing, or adding to, an existing scheme that the cost versus power relationship and the
contributing factors to power is fylunderstood.

4.4.1.3. New surveys

Alongside looking at how sample size of existing surveys may be increased to attain greater statistical
power, it is also important to consider any new schemes that may be expected to grow as the network
itself matures. This isspecially true of citizen science surveys whereby volunteers conduct the vast
majority of the recordingbecause adoption and uptake of the scheme amongst the volunteer
community may below. Box 4.1providesan example of a new survey started only inlés¢ couple

of years that provides key information on environmental indicators and has the potential to expand
over the coming years. With the advent of modern technologies such as smart phones and electronic
data capture, there are many more examplesaaintly formed citizen science schemes setup to fill a

gap in the existing knowledge base.

Box 41 UK Farm Pollinator survey

As an example of a new scheme we consider the recent UK Farm Pollinator Survey} The
scheme started in 2012 as a pilot and 58@ volunteers taking part across 36 unique farms
throughout the UK. The scheme is run as a citizen science effort in collaboration witly the
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