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Aim
The aim of this deliverable is to assess the stté&siropean protected areas with respect to chgngi
ecosystem properties, as estimated from EO products

Natura 2000 is the primary network of protectedaareithin the European Union (EU). In 2015, it
consisted of 23,115 terrestrial reserves that begetover approximately 18% (794,368%wf the EU
land surface. There are large differences betwgesia terms of reserve size, connectivity, protec
status before the inception of Natura 2000 in 188pJementation of management strategies, etc.

Rationale

Assessing the efficacy of such a large and difiestevork is an important but difficult task (Jopga e
al. 2008, Ren et al. 2015). Various EU programmagehbeen designed around monitoring and
assessing the efficacy of Natura 2000. The mosinteaf these is currently being performed under the
Regulatory Fitness and Performance Prograh(REFIT) framework, aiming to deliver a “fitness
check”on the birds and habitats directives. The birdslatztats directives form the legislative basis
on which Natura 2000 is built.

The evaluation studythat supports the “fitness check” partitions tssesssment into effectiveness,
efficiency, relevance, coherence and added valuthefdirectives. Our study is centred on the
ecological aspects of Natura 2000 and is thus pifynzoncerned with effectiveness. In assessing the
effectiveness of the directives, the “fitness cheaekies heavily on dynamics in bird populationgian
land cover. These variables describe importantgdsin the state of the system, but do not nedbssar
reveal how or why changes occurred. Without undadihg the functioning of ecosystems on a
processes-level, this approach therefore provittespredictive power.

A strong focus on birds and habitats in assesdigjuersity can also result in additional challesge
For example, the lag period with which bird popiilas decline or increase in response to e.g.
environmental change depends on species-spet#fihiitory aspects such as fecundity, longevity and
dispersal. Observations on population size andloigion alone may therefore hide important changes
to underlying processes, such as demographic s8iftslarly, monitoring the area of specific habsta
can hide important changes to e.g. underlying \aimget dynamics. Habitats are discreet classesewhil
vegetation and biophysical conditions that deteengirhabitat class typically change gradually.

These potential pitfalls of current monitoring effoillustrate the potential for metrics more clgse
aligned with the current state of a system. Ideallich information could then feed into predictiohs
more derived variables, such as animal populatiorachics and discreet habitat classes. Information
on vegetation structure and functioning is welkadifor this purpose.

Vegetation structure is strongly related to biodsity, partly because structurally more complex and
heterogeneous vegetation and morphologically miwersk plant communities generate niche space
that other organisms can occupy. Vegetation funitipalso affects biodiversity, e.g. ecosystems wit
high primary productivity generate more litter, wihiis likely to support more diverse decomposer
communities.

Despite the potential value of monitoring vegetatistructure and functioning as indicators of
biodiversity, such variables do not feature promthein the EU’s Streamlining Biodiversity
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Indicator$ (SEBI) initiative, or other recent initiatives angports such as the State of Nature in the
EU* and Mapping and Assessment of Ecosystems and3aeiice® (MAES).

Earth observation (EO) satellites have providedipmof vegetation structure and productivity since
the early 1980’s, although at relatively coarsetiapacales (5'= 9 km). However, since 1999
continuous time series (8-16 day intervals) at mfiobr resolution (250-1000 m) have become
available, enabling the monitoring of vegetatioruaiure and functioning proxies for relatively
homogenous areas of vegetation. Recently, consamstientists have made a strong case for thevalu
of remotely sensed ecosystem variables in biodiyarsonitoring (Pereira et al. 2013, Skidmore et al
2015, Pettorelli et al. 2016).

Earth observation variables that have been propasedsential biodiversity variables include prymar
productivity, leaf area index (LAI) and vegetatiphenology (Skidmore et al. 2015), which can be
described using LAI or the normalised differencgetation index (NDVI). The seasonal and inter-
annual dynamics of these variables can serve asabogs for ecological processes such as natural
vegetation succession, woody encroachment in gexssgystems and invasion by non-native species.
However, none of the 1920 titles from key scieatifiudie® used in the EU’s recent “fitness check” of
biodiversity directives contain words referringstech EO variables and only two study titles corgdin
the words “remote sensing”.

In this study we therefore assessed the statusi@pEan protected areas with respect to changing
ecosystem properties, as estimated from EO datdoNgeved a two-prong approach, the first of which
is a study on historical changes in ecosystem ptiege The second is a tool that allows the linkifig
biodiversity data (of birds) with proxies of vegata structure as derived from Earth observation
satellites. Specifically, we provide:

1. An in-depth pan-European analysis of temporal changhe vegetation structure as derived
from EO-derived LAI.

2. A database in which, for each terrestrial Natur@26ite, we merge essential biodiversity
variables on birds with EO-derived LAl

The aims, methods and results of each approaadteaibed in the following sections.

European vegetation change
Aim

In recent decades human-induced global changadraBeantly altered ecosystem functioning around
the world. Indicators of ecosystem functioning sashprimary productivity (Nemani et al. 2003,
Poulter et al. 2014), leaf phenology (Menzel et2806, Buitenwerf et al. 2015) and vegetation
“greenness” (Jong et al. 2012, Zhu et al. 2016¢tdlchanged dramatically, with potentially severe
consequences. For example, vegetation regulatesxitteange of energy, carbon and water vapour
between the land surface and the atmosphere, mfibrtant impacts on the global energy budget and
thus global climates (Bonan 2008). Vegetation ckangy have adverse consequences for biodiversity,
as vegetation shapes the available niche spaasetoty all terrestrial organisms and dictates bioti
interactions.

The majority of studies on large-scale changeseigetation functioning are based on satellite data
reaching back to the early 1980’s, when the festssrs with consistent global coverage were lauhche

3 http://biodiversity.europa.eu/topics/sebi-indiaato

4 http://www.eea.europa.eu/publications/state-ofireatn-the-eu

5 http://biodiversity.europa.eu/maes

6 http://ec.europa.eu/environment/nature/legisldfimess_check/docs/List%20Key%20documents.pdf



Although analyses of early satellite data have akagelarge increases in the activity and produstivi

of European vegetation (Julien et al. 2006, Garatrad. 2014, Mao et al. 2016, Zhu et al. 2016, th
relatively coarse resolution of the data has haswp@rocess-based understanding. For example, in
Europe the coarse data has prevented tracking ategreidynamics within individual land-cover or
vegetation types, as humans have transformed tiisdape into a mosaic of land covers at spatial
scales that are often smaller than the spatialutso of the longest satellite records.

The inability to resolve vegetation change withinodnl vegetation types is problematic because the
links between ecosystem properties (e.g. bioditygrsind processes (e.g. productivity) are highly

specific to vegetation types. For example, incrédsaf area might represent natural growth in ador

but might indicate undesirable shrub encroachmeiat grassland. Being able to interpret vegetation
dynamics in an ecological context is essential/&didating process-based vegetation models, bat als

for assessing potential biodiversity consequendegegetation change. The ecological context of

vegetation change is also important when seekintjramous measures of land cover change.

In several parts of Europe a trend toward increasemtliness has been observed during recent decades.
In some areas woody increases have been attritoteghtural succession following farmland
abandonment (Navarro and Pereira 2012, Schnitflé4,2Ceausu et al. 2015, Skalo$ et al. 2015,
Kuemmerle et al. 2016). In other areas changinmifay practices, generally associated with reduced
grazing pressure, promote woody regrowth in botiicatjural land (Gellrich et al. 2007) and semi-
natural Natura 2000 areas (Timmermann et al. 2043his study we aim to assess historical change
in the structure of semi-natural vegetation acesope, with a particular focus on woody regrowth,
as a means to assess the efficacy of the Natur@ 26@work. By relating vegetation change to
environmental and socio-economic drivers we addretential impacts of projected climate change on
Natura 2000 vegetation and thus biodiversity (Hicldt al. 2012).

To quantify vegetation change we use LAI, whiclegrates information on vegetation structure and
productivity, both of which strongly affect biodigity. Moreover, LAl seasonality can be used tokra
changes in the seasonal dynamics of vegetatiovitgctivhich also affects biodiversity. For example,
in Europe climate-induced changes in leaf phenoldggnzel 2013) affect migration and population
dynamics of birds and animals, with consequenceltiess (Both and Visser 2001, Yang and Rudolf
2010).

To estimate the magnitude of woody regrowth withie Natura 2000 network we first ask if detected
LAl increases occur within the Natura 2000 netwook, whether its management buffers these
increases. Since biodiversity of forest taxa gdlyeirecreases with forest age, we therefore expeatt

the management of Natura 2000 forests should isereal more than in unprotected forests. If the
conservation value of low-biomass vegetation sugshg@sslands and heaths lies in these areas
remaining free from dense woody vegetation, LAllgdbdaemain constant, or at least increase less
rapidly, in Natura 2000 compared to areas outsiaeitd 2000. Secondly, we ask if the restrictiolas th
Natura 2000 protection places on land-use resultadre gradual vegetation dynamics compared to
unprotected areas, where land-use change is exidedbe more dynamic. Since coarse-resolution LAl
increases have been attributed to human-inducethtdi change, we lastly ask how LAl dynamics
within major vegetation types vary across tempeeaind moisture gradients.

Methods

Leaf area index (LAI)

To quantify vegetation dynamics we used LAl deriyeain the MODIS sensor on NASA’s Terra
satellite. LAl for broadleaved vegetation can heripreted as the one-sided leaf are3 @er ground
area (M) and as half the total leaf area per ground aveadedle-leaved vegetation (Myneni et al.
2015). LAI therefore contains information on botte tstructure of vegetation (e.g. broadleaved vs
conifer forest) and productivity (e.g. dense vsrspaanopies). The LAI product is provided as 8-day



composite images at 500 m resolution (Myneni eR@15). Quality assessments for each pixel allow
further sub-setting and masking of poor qualityadat

Natura 2000

Natura 2000 is the primary network of protectechansithin the European Union. In 2015 it consisted
of 23,115 terrestrial reserves that together capgmroximately 18% (794,368 Kjnof the EU land
surface. Within the network large differences betwsites exist in terms of reserve size, conndgtivi
protection status before the inception of Natur®®(n 1992, implementation of management
strategies, etc. The boundaries of Natura 200@pred areas for 2015 were extracted from a digital
map by the European Environment Agehcy

Land cover

In order to delineate areas that are not intengiueed by humans we used the 2006 version of the
CORINE land cover product to select 9 classes afuiral” and “semi-natural” land cover types. These
land cover types will henceforth be referred tseasi-natural vegetation, recognizing that nearly al
such areas have been influenced by human actiwitiseme degree. Land cover types and details of
area are given in Table 1. The CORINE land covep mas downloadédas a grid with a cell size of
100x100 m.

Environmental data

To quantify LAl change along environmental gradéemie selected monthly mean temperatures
(Hijmans et al. 2005) and monthly mean soil mosstocontent (Trabucco and Zomer 2010), both of
which impose fundamental constraints on plant fionatg. These variables are not independent
(Pearson’sp=0.66) as soil moisture depends on evapotransmirativhich in turn depends on
temperature. However, since temperature not ofdts plant functioning through water relationst, bu
also directly affects physiological (e.g. photo$wtic rate) and behavioural (e.g. leaf expansion)
processes, there is a need to interpret both Yesi@eparately and interactively. Data for all ables
are long-term averages over 1960-1990 and weraat&tt from global grids with a resolution of 30”.

Data harmonisation

For every 500 m LAl cell we determined the coversefected semi-natural vegetation types and
discarded cells with <80% semi-natural vegetatiovec, in order to exclude highly transformed land

from the analysis. For each of the remaining 500Aincells we determined the area under Natura 2000
protection and excluded cells with <80% Natura 260@er from the change analysis. Environmental
data were re-projected and resampled to the 50@hgtid. These operations yielded a dataset with
1534477 Natura 2000 pixels and 4074014 pixels oetdlatura 2000. All spatial operations were

performed using theaster package (Hijmans 2016) in R (R Core Team 2016).

Change analysis

To quantify the magnitude of LAI change we caloathtinnual means from 2001 to 2015 on the full
dataset. Previous studies have typically quantifidd over a pre-defined growing season, thus
focussing on growing-season productivity. Howebgrusing LAl means over the entire year we also
allow temporal shifts in the annual growing cyaeaffect our measure of ecosystem functioning, e.g.
because leaves emerge earlier in spring due towaiifenzel et al. 2006) or canopies remain greener
in autumn due to shifts in community compositionidiey 2012). Moreover, aggregating reflectance-
based time-series to annual values results in netieble estimates of change (Forkel et al. 2008).
guantified changes in annual LAl using the TheihSsstimator, which is a robust non-parametric

7 http://www.eea.europa.eu/data-and-maps/data/nr@tura
8 http://www.eea.europa.eu/data-and-maps/data/dé-28ster-4



estimator of linear slope. Preliminary testing shdwhat for this data Theil-Sen slopes were near-
identical to alternative robust measure of charsgggescribed in Buitenwerf et al. (2015).

To restrict comparison of LAl change between amneasnd outside of the Natura 2000 network to cells
with similar ecological, environmental and biogeaygric processes, we paired inside and outside
pixels. For each pixel inside Natura 2000 we idettithe outside pixel that was environmentally thos
similar within a 50 km radius (similar biogeograplprocesses) and within the same vegetation type
(similar ecological processes). Environmental sanity between pixels within this subset was defined
as the minimum Euclidean distance in multi-dimenaloenvironmental space, which consisted of
scaled monthly mean temperatures and soil moisture.

Results

LAl increased in 84% of pixels with natural or semaitural vegetation across Europe (Figure 1). The
largest increases were detected in Eastern Eypapigularly in Poland, the Czech Republic, Slogaki
and Romania. The most notable decreases were ettiadhe Landes forest of south-western France,
the Ardennes region of Belgium, the British Islesl & parts of northern Scandinavia. More moderate
decreases were detected in the southern Alps anid-s@stern Sweden.

Absolute LAl increases were strongest in high-bissnaegetation types (i.e. woody vegetation), while
increase in low-biomass vegetation was less proremjrbut still positive for the majority of pixels
(Figure 2a). However, change expressed relatitheaanean LAI in a location (pixel) shows that the
greatest proportional LAl increases occur in vetyataypes of intermediate biomass, which condist o
partly woody vegetation (Figure 2b).

Differences between semi-natural areas in anddritsi the Natura 2000 network were small relative

to within-vegetation type variance, both in abselahd proportional units of change (Figure 2). For

example, LAI tended to increase more inside Na2@@0 forests and grassland compared to outside
forests and grasslands. In contrast, partly woodsgbtation types (transitional woodland-shrub and

sclerophyllous vegetation) had, on average, gréateincreases outside Natura 2000.

To control for the variation in LAl as a resultsgatial structure (Figure 1), vegetation type (FégR)
and environment we compared each pixel inside Haf@00 to its closest outside analogue. The
difference in LAl increase between inside pixeld dmeir outside analogues was minimal (unimodal
distribution with mean = -0.0007 and sd = 0.0087.
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Discussion

In this study we assessed vegetation change imEwsing EO-derived LAl and detect “greening” on
84% of land covered by semi-natural vegetation betw2000 and 2016. We demonstrate the links to
ecological, biogeographic and socio-economic pastand processes on vegetation change.

It is difficult to attribute LAI change to individi drivers without appropriate mechanistic modiads t
describe the biological, environmental, biogeograpimd anthropogenic processes from which LAI
emerges. Moreover, the relatively short 15-yeareisaries hampers statistical attribution of LAI
change to slow processes such as climatic or atmospchange. Despite these impediments in
attributing LAI change, several lines of evidenaggest that LAl increases did not simply resultrfro
natural (inter-annual) fluctuations in the weatheven though both temperature and rainfall are
important drivers of vegetation productivity inghiegion (Ciais et al. 2005). Studies have consiste
shown “greening” trends in Europe since the ea®B0ls, when EO-satellites first permitted the regul
monitoring of Earth’s entire surface (Jong et &1P2, Mao et al. 2016, Zhu et al. 2016). Because
“greening” has been detected with various sateli#gsed sensors and data products, these long-term
trends in vegetation functioning are consideredisbbrl he trends are consistent with predictionsifro
Earth system models (ESMs), which represent theeotiunderstanding of processes that drive
vegetation functioning, but only when anthropogeeiftects on climate forcing and atmospheric
composition are included (Mao et al. 2016, Zhu &t 2016). This context of long-term
anthropogenically driven “greening” supports therpise that the 2001-2015 LAl increases detected
in our study form part of an ongoing upward trefdother indication that weather fluctuations cannot
be solely responsible for the detected vegetatiamge is that socio-economically driven shiftsaimd-

use have favoured the expansion of woody vegetativarious parts of Europe during recent decades
(MacDonald et al. 2000, Fuchs et al. 2012, Navana Pereira 2012).

The spatial signature of LAl increase stronglyeef$ the legacy of abandoned agricultural land¢lwvhi
has been particularly prevalent in Eastern Europe raountainous regions of southern and central
Europe (Figures 1 and S1). Land-use dynamics acengplex interplay of spatial and temporal
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processes, but a few key socio-economic and palliievelopments can account for an important part
of the spatial signature in LAl change. The disgotuof the Soviet Union in 1991 ended large-scale
government-planned and subsidised agriculture acisstern Europe, resulting in widespread
abandonment of cropland (Kuemmerle et al. 200&IEstl. 2015, Skalos et al. 2015). Simultanequsly
the early 1990’s saw reforms to the EU’'s Commonidgdtural Policy, which was designed to
implement agricultural subsidies. Measures to cauaverproduction and adapt to increasingly free
markets forced less profitable areas out of cutftiva particularly affecting regions of Portugahein

and ltaly (Fuchs et al. 2012, Regos et al. 201@priJabandonment, successional turnover results in
increasingly woody plant communities as foresthis fclimax” vegetation state in most temperate
regions without frequent disturbance from e.g. digepopulations of wild large herbivores. The
detection of large LAI increases in Eastern andrmon Europe are therefore consistent with natural
succession on abandoned agricultural land.

There were few areas wesd Al was predominantly negative. One such “brownimgitspot was the
Landes forest in south-western France (Figure hgrevthe 2009 storm Klaus caused major windthrow
in the planted maritime pinéinus pinaster) forests that dominate this region (Mora et alL20 LAl
decreases in the UK cannot be easily explainedubly an episodic disturbance since the majority of
semi-natural vegetation consists of moors, heatlsgaassland. Compared to mainland Europe, the
UK has large populations of deer (Gill and Morg&xi@, Putman et al. 2011) and sheep (Eurostat),
suggesting that intense grazing and browsing presswpen vegetation types may be responsible for
the anomalous LAl decreases in the UK. Herbivoppsession of woody growth in woody vegetation
(Churski et al. 2016) may contribute to observed! ld&clines in the UK, but also in northern
Scandinavia, where intense reindeer grazing has sie®vn to reduce shrub cover (Herder et al. 2008,
Cohen et al. 2013). Northern Scandinavia has aem Isubjected to outbreaks of geometrid moths,
which defoliate large areas of birch forest (Jepsenl. 2009). Geometrid moth outbreaks may be
related to climate change (Hagen et al. 2007, Yairad. 2014).

Against expectations, the magnitude of LAI changeNatura 2000 protected areas did not differ
consistently from unprotected areas (Figure 2)sTHhggests that management implemented under
Natura 2000 directives has not generally genenaisalsurable differences in vegetation state over the
study period. Management goals and the level olémpntation are known to vary widely among
Natura 2000 sites, with some sites being managethagty to protect rare bird or plant species and
others more generally to maintain or increase bigity (European Union 2015). This variability in
the mode and intensity of human impact may presamtiform response signal in a complex variable
such as LAL.

Although direct links to e.g. the distribution gmapulation dynamics of individual species are diffi

to make without more detailed ground-based data findings generate some useful question and
hypotheses for future studies. For example, partialooded vegetation types had the largest
proportional increases in LAl (Figure 2b). Theser@ases were smaller in Natura 2000 areas than in
unprotected areas, suggesting lower rates of waoghansion under Natura 2000 management.
However, it has been argued that woody expansignbadavourable for overall biodiversity (Navarro
and Pereira 2012). Forests, especially old-growthsts, are important reservoirs of biodiversity in
Europe because they engineer structurally compdditdt and support a large number of species that
are associated with dead wood. However, a largaoption of European biodiversity depends on open
and semi-open habitats and would thus be threatbpathiform succession towards dense woody
habitats. This includes species that require bw#st and open vegetation, such as woodland Higgerf
that are declining due to loss of forest gladesdbe et al. 2006, Swaay et al. 2006). The gene@dyv
regrowth is clearly linked to fundamental sociefeinges driven abandonment of extensive traditional
agricultural land use and in part overall land almeoment, and it seems unrealistic to reinstate such
practices across large areas. A more tractabléiGolis to promote restoration of diverse assendsag
of wild large herbivores, via facilitating spontams recolonization and via reintroduction (trophic
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rewilding: Svenning et al. (2016)), as these in pase been able to main substantial open and semi-
open vegetation in European temperate landscapesgiV1995, Svenning 2002, Sandom et al. 2014).

The findings of this study will be disseminatedhe form of an open-access peer-reviewed artide an
in the BACI newsletter.

Natura 2000 database

Aim

The aim of this product was to deliver a databhs¢ ¢an be used to directly asses the relationships
between biodiversity metrics and a large numbealiofate, atmosphere and ecosystem variables. The
information is provided at the level of individugdhtura 2000 sites. These sites vary considerably in

size, but they constitute the fundamental unitsuadowhich management plans are designed and
implemented.

The biodiversity metrics in this database focusbods for several reasons. First, the Natura 2000
network has its roots in a 1979 EU directive onphatection of wild birds. Sites protected undés th
directive were later incorporated into Natura 2088cond, data on the distribution and abundance of
European wild bird species is of high quality arekfy available through volunteer observer networks
Third, bird community dynamics serve as indicatirgeneral ecosystem state.

Methods

Bird data

Bird observations were from eB#r@Sullivan et al. 2009), which is an online platfoused by many
amateur bird-watchers across Europe to list artt ggghtings. In total, we obtained nearly 1.3 ionll
individual observations across 851 species an@sponding with 65818 observation events (a unique
latitude x longitudex date combination).

Bird species were then classified according tortbemmonness and habitat preferences. Species of
conservation concern were termed "Threatened"ijreohdded species categorized as Near Threatened,
Vulnerable, Endangered and Critically EndangeredisgiLife’'s European Red List of Birtfs We
assigned species as forest or farmland specidtistaeither), using the same classification as the
European Bird Census Council's Trends of CommodsBin Europ¥. Finally, birds on this list (148
species, comprising 68.3% of the total bird obdsing) were considered "common”. For each
observation event, we calculated species richnedstlze proportions of individuals from species
classified as Threatened, Common, Farmland spetsiaind Forest specialists. We also used Chao's
(1984) estimator of species richness based on algeddata to correct the richness estimate for
incomplete data.

To describe bird community status and trends iule2000 sité$, we then retained only observation
events with at least 100 individual birds and aiste5 species observed, in order to remove casual
observations that may give very skewed impressafnsommunity composition. In total, 48040
observation events met these criteria, of which552@ere located within Natura 2000 sites. These
observation events form the basis of the datalidsey extend back as early as 1981, but more than
91% of the observation events occurred since 2000.

9 http://ebird.org

10 http://www.birdlife.org/europe-and-central-asiatspean-red-list-birds-0
1 http://www.ebcc.info/index.php?ID=485

2 http://www.eea.europa.eu/data-and-maps/data/nratura
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Within each Natura 2000 site, we then calculatedntiean of the proportions of Threatened species,
Common species, Farmland specialists and Foresiadipts across all observations within that dite.
the site had at least two events from differentyeae also calculated the trend in these propustas

the correlation between year and the proportione:al

While these estimates are potentially highly valedbr their fine geographic resolution and broad
spatial extent, it is important to recognize thienitations. Most importantly, eBird data is noetresult

of an organized sampling design, and is therefalelyhnunbalanced and biased. Observers may target
particular habitats (for example, avoiding farmigdnay not record all birds observed during a visi
(for example, may ignore common species) and makesain identification. Nevertheless, fine-grain
monitoring using eBird data has been shown to perfoell compared to organized field surveys, at
least in one case (Callaghan and Gawlik 2015). ¥pedally urge caution in interpreting results from
any one or small set of Natura 2000 sites, as timesereflect only a few observations of birds tigiou
time.

LAl data

Information on vegetation structure was represebieithe LAI, which is defined as the one-sided leaf
area per ground area{mm?) in broadleaved vegetation and as half the tet &rea per ground area
for needle-leaved vegetation. This data was obdaiream the Moderate-resolution imaging spectro-
radiometer (MODIS product MOD15AH2 versiol¥)6 The data has a spatial resolution of 500m and a
temporal resolution of 8 days. Annual means weleutated from the 8-day values for the years 2001-
2015.

Land Cover

We used the 2006 version of the CORINE land covedyct to construct land cover classes that are
aligned with the delineation of bird species intadtional types. We combined land cover classes to
calculate, for each Natura 2000 site with bird csitg data, the proportion of agricultural, forespen
vegetation (grassland + heaths), shrubland, wettardl water. We also calculated the proportion
covered by semi-natural land cover classes, whiefewsed in our analysis of historical LAl change
in Europe.

Human influence
Data on human influence were taken from Esty g805).

Analyses

To explore the potential of this database to supgmrclusions about conservation status, we pegdrm
some simple exploratory analyses. In addition te-level characteristics, we also included national
statistics, including a range of environmental @atiors (Esty et al. 2005). We then fit random fores
models to explain status and trends of differerd groups from LAl mean and trends, the human
influence index and these indicators. Examplesefresponse curves fit by these models are shown
below. One country-level indicator that was comsily associated with bird status was the Total
Fertility Rate, a measure of population stressy(Esal. 2005).

Results
All variables included in the database are listedable 1 with a brief description and the dataseu

Figure 3 shows the results of some exploratory sandorest models in which the proportion of
threatened bird species was explained by vegetatiacture, human influence index and human
fertility rates.

B https://lpdaac.usgs.gov
Y http://www.eea.europa.eu/data-and-maps/data/dé-2aster-4
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Figure 3 Relationships between the proportion cfdtened bird species and potential predictors. Humfauence and the
total fertility rate were taken from (Esty et a0(5).

Discussion

Our preliminary analyses clearly show that thistdase has the potential to explain spatial anddesthp
patterns in bird species richness and the relativmdance of functional types. Moreover, this dadab
can be easily amended with novel EO-derived vaggbiat are currently being generated in WP2 of
the BACI project and ultimately the “Biosphere Atsphiere Change Index” itself. Novel ecosystem
variables may explain observed diversity pattereiteb than LAl if they capture more or different
aspects of ecosystem processes.

These preliminary results and the additional péaétf upcoming EO variables for specific regions
will be presented and discussed in future intepastiwith managers.
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Table 1. Variables included in the database on fdaR000 bird diversity, land cover, vegetation
structure and human influence.

Variable Description Source
MemberState ISO 3166-1 alpha-2 country codes 12
SiteCode Natura 2000 site code 12
Richness Bird species richness Calculated fron{
RichnessTrend Bird species richness trend Calculated ffom
ThreatP Proportion of threatened species  Calculated fron{
ThreatPTrend Proportion of threatened species  Calculated frond
trend

ForestP Proportion of forest species Calculated front
ForestPTrend Proportion of forest species trend Calculated ffom
FarmP Proportion of farmland species Calculated fron?
FarmPTrend Proportion of farmland species trend  Calculatechfto
CommonP Proportion of common species Calculated fron?
CommonPTrend Proportion of common species trend  Calculated ftom
IcAgricultureP Corine classes 211-244 8
IcForestP Corine classes 311-313 8
lcOpenP Corine classes 321-322 8
lcShrubP Corine classes 323-324 8
IcWetlandP Corine classes 411-423 8
IcWaterP Corine classes 511-523 8

8

IcSemiNaturalP
LAI2001mean —
LAI2015mean
LAI2001sd — LAI2015sd

HIl

Corine classes 311-313, 321-324,
411-412

Annual LAl means for 2001-2015 Calculated frén
Intra-annual LAI standard deviation Calculated froni®
for 2001-2015

Human Influence Index Esty et al. (2005)
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