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1. Executive summary

This report correspondBritwen hies deendtiivaelr aVd rei DI2I. «
of Task 2.2, within ECOPOTENTI AL Wor k Package
a generalconceptial approachfor the applicaton of EssentialVariablesfor the monitoring ofdifferent
thematic areas (e.g. biodiversity, climate, ecosystems)l applies this framework to a set of 15
ECOPOTENTIAL storylifidgese Storyling®cusoninternationally recognised Protected Areas in@p#,
European Territories and beyond, including mountain, arid and -seiahi and coastal and marine
ecosystems.Following the workpreviously developedin the Deliverable 2.1 and building dhe
experience gained from implementindpis framework across ems this Deliverable goes beyond
previous work by doing a systematic review across Storylines and by identifying the major challenges tha
underplay the general application of the framework here presentékhis report provides
recommendations on how Esstzal Variables can be used to complement/fill local knowledge gaps for
the monitoring and management of Protected areas.

A significant aspect is the bottonp approach followedhere,that contrasts withthe top-down and global
orientation of the current development of the essential variable frameworkhe followed bottorrup
approach can thereforstrengthen the role that conservation sites can play in building a conservation
monitoring network across scales line with the ambitions of both ECOPOTEN&MLGEO BQN he
essential variablesvere developed usingxperts as the centre of decision making (Figure Aa) and

focussed on producing |ists of variables that
interpretation of their valugor monitoring changeMore recently, this approach was substituted by the
recognition that wusers’ needs had to be refl ec

(Figure Ab)Examples include the matching of essential varmbigh the Susainability Development
Goals and/or the Aichi Target&eijzendorffer et al., 2017; 201Ngvertheless, this approach still placed

the centre of decision making on the experts and also with the final output being a list of variables that
would bethe priority for monitoring. Within ECOPOTENTIAL we developed and implemergadstion
oriented framework that focuss on system descriptignincluding both biotic and abiotic components
(Figure Ac) and, althougit highlights the role of user needs, is not Imited just by current data
availability but rather by current knowledge thfe system dynamics.

a) b) c)
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Figure Adifferent approaches implemented to obtain essential variables lists: a) expert based approach;
b) user needs approach; and c) system based approach.

In the end, this approach also aims to get a variable list but opens up the process to a wider group of
stakeholders, because it requires a system description, and allows to develop saoaildtiexercise that
focuses on the understanding of the systenesctibed.

Across the different Storylines a shortlist of seven essential variables were obthassdi on the
identification of the same variable across storylines, i.e. across questions, conservatioi gsadbortlist
includes “Ecoswgimemtaektent, avhBrécipitation”, “
diversity”, “Land wuse”, “Land cover”, andwifl Net
be usedto inform other exercises and WPs within ECOPOTENTIAL and will alsophentd the
development of the work program. It is important to notice that many, if not all, of these variables already
inform critical modelling aspect®lated to the quantification and understanding of ecosystem service
provision. At the same time, thideliverable describes how, given current developments, essential
variableswill be integrated within the remote sensing architecture developed within ECOPOTENTIAL.
Nevertheless, the selection of these essential variables was not limited to remote sappitogiches and

included alsan siturelevant data.

The results highlight the need and opportunity for this framework to contribute to:
i) the optimization of logistic and financial resources;
i) make measurements comparable across conservation goalpratected areas;
iii) optimize the use of modelling approaches;

iv) identify capacity building need®f protected areama n a g eeseachersand other
practitioners

V) give a direct reply to high level conservation policy reporting needs.

At the same time, itinderlines the issues related to the scalability and cross comparison of datasets. This
is particularly relevant for datasets that are normally collected without a specific focus on comparability
across sites, regions or natioriaiture workwill pick on these identified knowledge gaps and will develop
guidelines to overcome these issues across protected areas and regional boundaries.

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 4 of 66
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2. Introduction

2.1  Main objectives

Deliverable 2.2 comeat a phaseof ECOPOTENTIAL where concrete links betwesituirand remote
sensing monitoringproductsare being explore@nd described in relation to specific conservation goals
and/or research questiond.his phase provides the possibilitydo a comparative studacross protected
areas/storylines investigating common traits of conservation monitoring across the wide range of
Europe’ s envi r on manparatve anglysialldws egtot discrimiirrate siot only across
ecosystem types but also across realmigimately providing a strong contribution to the definition of
monitoring systems that target specific conservation goals (targeted monitoring}retcht the same

time provide valuable information to monitor biodiversity and ecosystaorsss boundarie(surveillance
monitoring).

Following the developments made in Deliverable, Bding essential variablethis Deliverable assess
all available ECOPOTENTIAL Storylines and, with the direct involvemenpafttiexs and conservation
managergesponsible for each stygline, allovsto:

i) Describehe main conservation goals/research questiohat rise from each storyline;

1)) Identify the most relevant causal relations that allow to describe the processes behind the
conservation goals/research questis; and

iii) Providea functional representation of the main data flows that allow to monitor and assess a
given conservation status or rgplo a given research question.

Finally, it will address the availability of monitoring strategies (frositun to remde sensed monitoring)
that target the identification of remote sensing produbtsethods that can be directly used and
operationalized by conservation managers.

2.2 ldentification and role ofessential variables in the context of European protected areas

Protected areas face multiple challenges that go beyond the conservation of specific spyaiest a

single threat To be able tananage this complex challengenhancel knowledgeis requiredabout all
relevant aspects of a given ecosystem and to be @bidentify and monitor the conservation status and
main drivers/pressures related to the ecosystem in questionaddition, for manyprotected areas in
Europe, conservatiorobjectives are larger thatonservation areas anéven national borders. By
identifying a core, common, set of variables that allownonitor current conservation goals we aim to

take advantage of the latest advances in Earth Observation methods, approaches and technologies it
order to support a European, cross boundary, Earth Olagenv monitoring network that focuss on
conservation areaand their challenges

2.2.1 The role of GEO in the definitioof essential variables by SocidtBenefit Areas

The concept of Essential Variables (E&/s)creasingly used in Eartlibo§ervationcommunities to identify
those variables that have a high impdotdetect biodiversity and ecosystem changed should have
priority in designingimplementingand maintaining observation systems and nmgkdata and products
available.

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 5 of 66
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GEO Societal BenefAreas (SBAs) can contribute to the design of EO based indicators useful for
Sustainable Development Goals (SDG) targets. Importantly, the community processes in several SBAs
identify relevant EVs can be a template fosystembased approach to devghoindicators based on
available sets of EVs. The review of the set)qfertbasedEVs developed in several GEO communities
provided inConnectinGEO 2016, D2.2. EVs current status in different communities and way to move
forward (http://ddd.uab.cat/record/146882) revealed that there is considerable overlap between EVs
identified by different communities. In particular, the core set of EVs common to several communities
should be considered for complementary SDG indicat®tss strength the need fosystembased
approaches that combine several dimensions of the sealogical system in order to identify the
variables that are more relevant, and therefore essential, to the description of such systems.

The total number of EVs reviewed within ConnectinGE® afdl18. Some of the EVs were actually not
just a single variable, butither a cluster of severalariables These were grouped in seven of the new
GEO Societal Benefit Areas (SBAs), namely Biodiversity and Ecosystem Sustainability, Disaster Resiliel
Energy and Mineral Resources Management, Food Security and Sustainable Agriculture, Public Heal
Surveillance, Sustainable Urban Development, Water Resources Management, plus Climate as a cros
cutting thematic area in the new GEO Work Plan Strategy.ifittose GEO SBAs those variables were
further regrouped in the following 11 themes (adopted for the2 Y Yy SOGAYy D9 h 62 NJ aK
adzadlrAylroAfAde LINRPOSaa T2 NI2Due 015 Adiculiu® yBiodiderbity, + | N
Climate (and Chaon cycle), Disasters, Ecosystems, Energy, Health, Human Settlements, Oceans (an
Marine Ecosystems), Water and Weather.

2% 2%
4%

19%

20%

44%

AgV EBV ECV EOV = EREV HeV m WaV
Figurel. Percentage of EVs by theme

Following that analysis, it was concluded that the community that has defined the highest number of EVs
is currently the Climatgroup, led by the Global Climate Observing System (GCOS), covavitlgits

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 6 of 66



Cofunded by the
European Union

D2.2 EQdriven Essential WP2 variables

ECVs (Essential Climate Variables} one third of the total number (see
2% _ 2%

4%

19%

20%

44%

AgV EBV ECV EOV m EREV HeV m WaV
Figurel). Moreover, most of the ECVs are relevant to ttiser GEO SBAs or themes. Otbemmunities
already working on a materset of EVs are Weather, led by the WMO and the Global Atmosphere Watch
(GAW) and Ocean, led by the Global Ocean Observing System (GOOS). The EV discussion and related \
is growing fast in the Biodiversity and Energy communities, while in other dikeasgriculture, Disasters,
Ecosystems, Health, and Urban Development, the work on specific EVs is still in the initial stage.

Out of the 118 EVs listed, many are relevant to more than one area. In particular, the most often listed
variableisTe mper at ur e, i n the three different syster
Carbon in its different forms, like €@ air, CQpartial pressure in water, and all the relevant different
forms of carbon alonthe carbon cycle in the differ¢ system componentshe next variable is Pressure,
again related to different systems’ component s
Subsequent variables are (again in different system components) Wind, Solar Irradiance, Precipitation
Humidity, as well as some water specific variables, like Ocean Acidity and Oxygen. It is evident that th
majority of these variables are related to the Climate (and Weather) and Water (particularly Ocean) areas.
In particular, most of the ECVs are rele/to other GEO SBAs, and a couple of them (Temperature and
Precipitation) are virtually relevant to all of the new GEO SBASs, being affected by, and affecting (directly
or indirectly and at different level)all of the following areas: Agriculture, Biodisiéy, Climate,
Ecosystems, Disasters, Energy, Health, Water, Weather, and also Urban Development.

2.2.2 Using variables to measure, model and monitor protected areas

Monitoring biodiversity, ecosystems and the services provided by them often involves the
implementation of expensive monitoring programs that combinesitu surveillance from different
sources and entities. When establishing a monitoring program, conservation managers face the challenge
of balancing availablgnancial and humanesources between wnitoringand operationahctivities. This

often results in reducedmonitoring programswith limited usefulness and encompassing nature. To
overcome these problems, managers oftehoose to insteadocus their attention on key species or
conservation objetives, overlooking a more complete understanding of the system they are describing.
At the same time, the conservation objectives devised for each specific protected area should be in
balance with, and contribute for, other levels of conservation strateggluding regional/national
conservation policies and international conservation goals (e.g. Aichi TargetsSasthinable

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 7 of 66
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Development Goa)s This means that monitoring efforts should be able to contribute not only for the
protected area goals but also tigher level conservation goals.

The combination of these two aspeasphasizeshe need to identify specific variables that alldar

the monitoring of gparticular ecosystenor species, not in one site, batrossmultiple protected areas,

in order o respond to the needs of overarching conservation goals. As highlighted before, the concept of
Essential Variables focuses on identifying these variables across themes, realms and institutiona
boundaries. In the case of protected areas, using this ambreeuld contribute directly to

i) optimizinglogistic and financial resourceprotected areas have usually important constitain
in terms of financial and logistic resources and the identification and prioritization of specific
(essential) variables is an important step to reduce budget deficits. At the same time, this
implies asufficiently detailed description of the ecologicgirocesses related to a specific
conservation goal/research questi@tross multiple sites

i) making measurements comparable across conservation goals and protected arbgs:
establishing a concrete set of essential variables for a specific conservatiomgoagers
ensure a comprehensive description and monitoring of that goal. By implementing the same
approach to several consgtion goals, managers guarantdet the benefits generated by a
monitoring program can be multiplied across conservation goaékimyg management and
monitoring more effective.

iii) optimizingthe use of modelling approaches many cases (e.g. the ones related to ecosystem
functioning and services variables) there is an inherent difficulty to obtain direct
measurements of specific ecgjical variables. In several cases researchers and managers rely
on modelling approaches to overcome this issue. By implementing an approach thattallows
identify essential variables it is also possible to idergifared modelling needs and be a
precurr to the development and implementation ebmprehensivanodelling frameworks
that consider several reporting needs at the same time.

iv) identifying capacity building needsdentifying essential variables can hétptarget capacity
building needs as it alvs to first focus on the relevant variables to describe a specific system,
and then identify specific technical, thematic or scientific subjects that need to be successfully
addressed.

V) providing input to high level conservation policy reporting needsstablishing a concrete
group of variables that can be commonly assessed across conservation goals and acros
protected areas allowdocal monitoring systems to contribute directly to national and
international monitoring efforts. This decentralized approasteds specific guidelines that
structure and standardise monitoring efforts (e.g. across a given country or across Europe) but
has the potential to maximize the outcomes frdatal monitoring effortsin protected areas
to go beyond borders, ecosystem typmsd realms.

As mentioned before, developing and implementing a monitoring systemrédsgondsto the needs of
protected areas managers implies that a significant amount of information is collected, organized and
made availableToday conservation managers can rely not only on indétabut also on remote semsg
observationgo provideinformation relevant to the protected areas. This includes most of the available
satellite products currently available (e.g. Sentinel or Landaat] other institutional monitoring
programs (e.g. meteorological information based on a combination of stations and satellite data). If the
connection to these other data resources is considered, the identification of essential variables is even

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 8 of 66
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more critical to sort out the most relevant datasets available, and needs to be coupled with the ability to
identify the specific data source that better represents a given variable.

2.2.3 The ECOPOTENTIAL storylines in the context of European protected areas

The ECOPONEIAL Protected Areas (PAs) are distributed over the whole continent of Europe, including
European islands in the Mediterranean and overseas @igThese PAs sample the great variety of
ecological conditions and address the most important biogeographécaons across Europe (F3). A

range of particularly vulnerable ecosystems such as -seithidrylands, coastal areas and mountain
ecosystems is included. ECOPOTENTIAL is aiming to assess the state and future development of these s
based on existig information and data, making best use of Remote Sensing observations and developing
ecosystem models capable to incorporate Earth Observation data and aimed at predicting future
ecosystem conditions. Through this approach, a large portion of Europedogical diversity is
addressed.

Here, we illustrate the representativeness of the ECOPOTENTIAL PAs for the conditions of the Europe:
network of protected areas and also for the overall climatic conditions and biogeographical regions of
Europe. This overew is mainly based on the Database on National Designated Areas (EEA 2016) and ol
the very comprehensive World Database on Protected Areas (WWCRA and UNBRCMC 2016). Please

note that a single ECOPOTENTIAL PA may comprise more than one protecextratad from these
databases. For instance, the Wadden Sea and Dutch Delta as it is part of ECOPOTENTIAL includes se\
protected areas of various designations (EjgMoreover, almost all the single ECOPOTENTIAL PAs belong
to different categories imultaneously (e.g., National Parks and World Heritage and Natura 2000 sites).
Therefore, as here we analyze and count the PAs by category and not by geographical site, the number ¢
protected areas that are included in this analysis and assigned to EEQFP{AL differs from the number

of geographical sites that take part to ECOPOTENTIAL as the same geographical site may be counted m
than once.

TR 7
ijandidate

Member

ECOPOTENTIAL
® no
® yes
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Figure2. Spatial scatter of European protected areas. National Parks, UNESCOdvBiosphere
Reserves, and Natural UNESCO World Heritage Sites are shown (green), as well as the distribution of
ECOPOTENTIAL Protected Areas of these and additional categories (blue). Additional categories of
protection comprise Natura 2000 sites, NaturesBrves, and Cultural and Mixed UNESCO World
Heritage Sites. The PA “Wadden Sea and Du#fsch D
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Figure3. Assigning European protected areas to European Biogeographical REgRn2015). Upper

row represents all European protected areas designated as National Parks, UNESCO Man and Biosphe

Reserves, and Natural UNESCO World Heritage Sites except of those within ECOPOTENTIAL. Lower r
represents European protected areas witltiCGOPOTENTIAL only.

The climatic space of the European continent and of the ECOPOTENTIAL PAs is calculated based on 2.5
min grid cells (approx. 5 km), excluding Kazakhstan and Greenland, but includind,|8stabard, Canary
Islands, Agres, TurkeyRussia to the Ural Mts. Sources for climatic information are Hijmans et al. (2005)
for Annual Mean Temperature, Annual Precipitatidones et al. (2009) f@olar radiation andrabucco

& Zorner (2009) foPotential Evapotranspiration.
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Figured. Climatic conditions that are covered by ECOPOTENTIAL protected areas within the European
continent in terms of: a) mean annual precipitation and temperature based on time period 198D
(Hijmans et al. 2005) and b) mean annual solar radiation (baseiheperiod 2002010, Jones et al.
2009) and mean annual potential evapotranspiration (based on time period-2060, Trabucco &
Zomer 2009). For comparison, also Kruger (South Africa) and Har HaNegev (Israel) are included. The
dashed line represents theoundary that envelopes the mean annual precipitation and temperature
values for Europe.

The results of our analysis show thaetkelection of ECOPOTENTIAL PAs properly represents several
characteristics oEuropearterrestrial PAs; a paper containing full discussion is in preparatio@enerally,

the selection of ECOPOTENTIAL PAs satisfies the criterion to assess a wide range of characteristics of
terrestrial environments of Europe. The range of European climatic conditions is correctly captgred (Fi
3 & 4} an important fact in face of the current and expected climatic changes. Some deficit has been
identified in representing arctic environments. Additional needs megt in representing boreal forest
ecosystems, but most PAs in that type of eomment do not comply to the major criteria of
ECOPOTENTIgdlection, such as global importané@ar most of the Rsparticipating in ECOPOTENTIAL

a set of storylines were definenh the first six months of the projectSuch storylines are narratives
descibe thereatlife issueonft he project’ s Protected Areas.

The storylines focus on one particular ecological aspect relevant for the conservation of one or more
Protected Areas, describing the ecosystem services provided, the soae topics that nesk to be
addressed, the demands for Earth Observation data to be used in ecosystem modelling, for future
protections, as well as for policy and capacity building. They are aimed to be broad yet locally relevant,
engaging with stakeholders and decisioakers, forming the basis for further operational work in the
field. The storylines are edesigned with the Protected Area staff and managers to respond to specific,
userdriven questions and they will evolve over time following the demands of stakeholderasanew
knowledge is generated.

Currently, about 15 Storylines are active, ranging from4aigfude grasslands as life support systems to
wild herbivores to the distribution of Cetaceans in the Pelagos Sanctuary between France, Italy and the
Principaliy of Monaco.

The storylines are intended to both address specific issues of relevance to the Protected Areas of the
project, and to become pilot studies to be used for a methodological approach to how scientific research
and the use of Earth Observatiooan support concrete ecosystem management and conservation goals.

Each Storyline includes a part devoted to the definition of what are the critical variables for the problem
addressed, that is, a minimum set of variables whose knowledge is necessatyafacterizing the
ecosystems under study and their temporal changes. Such latfityed critical variables can then be
framed in terms of Essential (Biodiversity, Climate, Ocean) Variables (EVs), with the aim of detecting
whether and how EVs can be useddescribe such applied goals, whether there are some EVs that are
common to many different storylines and/or types of ecosystems, how such EVs can be detected and
measured through Remote Sensing and in situ data, and finally whether new EVs (notugktdriolthe
standard lists) are necessary to describe ecosystem functioning. In this way, a link between the practica
needs and the Essential Variables approaas beerestablished and explored.

ECOPOTENTIAL — SC5-16-2014- N.641762 Page 11 of 66
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2.2.4 Important but not essential: accommodating fdrotected Area heterogeneity

As described in section 2.2.3., European protected areas preserve a considerably wide range o
ecosystems from marine areas to high altitude mountains. This diversity of ecological and environmental
conditions constitutes a major issue w®m trying to establish a cohesive set of essential variables.
Independent of that, several research papers/projects (EQnnectingGEO, EUBONve been able to
identify variables that can be considered essential for a particular thematic area (e.gti@dsiediversity
variables) or that can even be essential across several of them (e.g. ecosystem extent). Despite thes
efforts, it is important to underline that for different levels of decision making (i.e. from protected area
management to global conseation policy) essentiality can have slightly different representations and
eventually consider different type of relevant information. For example, for a given protected area
manager, relying on citizens’ S c in eptian &hiledf@ glabal o n
policy making this could be an important source of data that can be used to reduce the limitations of
current official species distribution datasets. At the same time, wdtgramicsmay be essential for a
given protected area (g. a wetland) but not at the level of global policy making.

From this view, we have to find ways to structure local (i.e. protected area based) monitoring programs
in a way that these could be relevant and adequately inform different levels of deciskingrfeom local

to global. The first challenge that we face with this approach is that designing such monitoring programs
cannot be doneaccuratelyfrom a topdown approachf local concerns and engagement are not taken
into consideration By default, gourely top-down approach imposes high level needs without careful
consideration regarding local utility, implementation and operational capacity. This has the potential to
disrupt and place intense pressure on protected areas resources making monitoriegsystresponsive

to protected area needand resulting in practically ineffective approachbsstead identifiedvariables
should be relevant for the lowest level of decision making (in this example the protected area level) and
hierarchically aggregatedotthe highest level of decision making. This approach would limit the
identification of variables that are only relevant for a given level of decision making and alséoaltbes
identification ofvariables that are essential across levels of decisiokimga

By identifying essential variablbsttom-up from the protected areas needs, monitoring systems become
more operational andnore easily justified and maintained. Following this approach, it is expected that
protected areas will identify a higher ndrar of essential variables for the pursuit of their conservation
goals than the ones identified at a higher level of decision making. From level to level, although important,
some variables lose their essentiality aspect, becoming less relevant for thesassme nt of e a
conservation goals. This highlights the need to have a collaborative approach and constructive dialog
between the different levels of decision making that allows to establish monitoring standards that go
across ecosystems, bordemsdaithematic areas.

In general,a combination of thethe bottom-up and topdown approaches woulgrobably be ideal,
because topdown systems can identify important knowledge gaps that would remain unnoticatkif
relies completely and solely on local perceptioi#is is what ECAPTENTIALs trying to dg offering
Remote Sensing produdisr questions thaspring from local needsut also offemgnew knowledgehat
managersnay havenot realizel they could have accese tind how it could be uske
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2.2.5 The threetiered approach identify Essential Variables relevant at different scales

Each protected area has its own set of variables that are needed to monitor its progresscaydtem

state. Essential protected area variabléEPAV) are those critical variables that acenmon to all
protected areasTo organize the range of variables used across PAs and to distill the essential variables
from these, we use three tiers of variables:

1) ESSENTIAL PROTECTED AREA VARIABLEBq&P#he).are common to all PAs,

2) NEARESSENAL PROTECTED AREA VARIAERES/|Nthose that are similar across many PAs,
but may differ in the units used, temporal or spatial scale, or other dimensions. These variables
could become EPAVs if we broadertbd definition of existing EVs or if PAs were to agree to
changes that would achieve a common definition across all PAs.

3) ANCILLARY PROTECTED AREA VARIABLES (APAV): those that are relevant for only a sub
protected areas.

To illustrate these threeié¢rs, consider four fictional storylines (Taldlg All of the storylines include
Population Abundance as an Essentialidtde for their protected areaPopulation Abundance, then,
would be considered as a Tier 1 Candidate for an Essential ProtectetY#iahle.

All four fictional storylines consider some measure of air temperature but three storylines indicated upper
air temperature as an EV and two PAs cited atmospheric surface temperature asAantEmperature,
broadly defined, would be a camtiite for a NeaiEssential Protected Area Variable. We may find that
ESSENTIAL VARIABLES exist across PAs within a geographic realm (e.g. terrestrial PAs versus marine
or within a BIOME (e.g. PAs in un¢ain forests, deserts, and open ocean ecosystelng not allwill be
shared across all PABor instance, CQOs cited by all four fictional PAs as an essential variable, but
Storyline 2-a coastal storyline-only indicates that the partial pressure of £i@the ocean water column

is of inerest asan essential variablén this case, while G®roadly defined could be considered a Near
Essential Variable for all PAs, it might make more sense to considgati®@sphere) as a terrestrial
Essenal Protected Area Variablélarmful algal bloom is sugsted as a potential Essential Variable for
only one protected area and thus would be considered an Ancillary Protected Area Variable.

Tablel. A ThreeTiered Organization of Proposed Essential Variables for Protected Areas

Populdion pCO2 (ocean CO2 Temperature Temperature Harmful Algal
abundance surface) (atmosphere) (atmosphere (upper air) Bloom
(species surface)
population)
Storyline 1 fhountaing i 1 N
Storyline 2 (coastal) ] i il N
Storyline 3 (desert) ] ] il ]
Storyline 4 (boreal) i 1] N
Tier 1: Essential Protected Area Variable EPAV: Terrestrial EPAV
Population CO2
Abundance Atmosphere
Tier 2: near Essential Protected Variable NEPAV: CO2 NEPAV:
Temperature
Tier 3: Ancillary Protected Ar&éariable APAV: Ocean
Current
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3. Identification of essential variables across realms

Building on what was developed in Deliverable Bere we followed a bottorup approachstarting from
the needs identified in the storylines that were developed witEEOPOTENTIAL. In this context, we
collected information of & different storylines andvent through five steps to fully develogn analysis

framework andto identify not only the essential variables needed but also the relevant data sources.
These stepsra explained below.

The use of narratives contribuggo the identification of monitoring priorities that target specific system
components critical to the understanding of the so@ablogical system being described. Such narratives
have been widely ugk to facilitate communication between stakeholders engaged in biodiversity
conservation(e.g. Rounsevedit al. 2006; Viscontet al. 2010)and beyondMetz etal. 2007; Freshwater
2009) These narratives contribute to effectively describe the main aspects and causal relations within the
socialecological system being managed, including their related threats and drivers, and the key
biodiversity and ecosysteelements and functions that are critical to meet the conservation goals set by
stakeholders and managers. The use of narratives can help in the identification of monitoring priorities
that target specific system components critical to the understandirth@socialecological system being
described. Therefore, these narratives have to represent the causal relations between the system

components, connect to well described indicators, and rely on a concrete list of essential variables that
allow for their asessment (Figurg).
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Figureb. Schematic representation of the process to identify essential variables and data monitoring strategies.
Starting at the conservation goals defined for a given protected area, this process gogh ttim@walescription of
narratives that allow for the identification, description and crosfgrencing of key indicators, and available
models to create a short list of essential variables that allows to calculate the selected indicators. After close
consiceration of the available methods to measure the selected variables, a short list of data priorities is then
created and monitoring strategies can then be defined.

Indicatorsare used to assess the state and trends of the defined conservation goals and can be used tc
provide meaningful information to conservation managers and local/regional deaisadkers. Therefore,
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indicators have to be defined jointly by decisiorakers, nanagers, researchers, and the indicator
developers in an interactive and interdisciplinary exercise. Once indicators and refaiddls are
selected and defined, the search fdata forthe variables (including essential variables) that aflomthe
compuation of indicatorscan begin. It is important to underline that the same variable can, often,
used as input data faseveral models and indicators (e.g. topography for hydrologically related models),
be used to support the narrative directly, and meyen have conflicting interpretations (within different
conservation areas) regarding progress towards specific conservation goals.

Once identifiedwhich of the used variable are essentitle essential variablesieed to be described,
including the releant spatial and temporal precision, accuracy, and extent. This will allow for the
definition of monitoring strategies and significant data collection needs that may include not only the
information already collected by the protected area itself, contribgtito the definition of anin situ
monitoring scheme, but also other information gathered from external data sources (e.g. satellite data,
national geographic information systems, and even othesitudata from nearby areas, etc.). By focusing

on a concete, but limited set of essential variables that is absolutely necessary to monitor the trends of
a given potected area, managers are aliie collect a robust set of data, from within and beyond its
boundaries, facilitating the creation of a regular timeries of data suitable for analysis. This process will
help to identify the potential technological, methodological, knowledge and capacity building needs that
have to be addressed to ensure the timely and continued indicator implementation process.

The monitoring of sociakcological systems provides feedback to managers and helps to synthesize
empirical observations regarding how the original narrative has emerged and might unfold in the future
(Folke et al. 2005)Therefore, the process to identify essential variables is a priority setting process and
not an exclusion process.

To renderthese concept®operational storylines were used aBustrative examples and a set ofdad
criteria was set up to allow for the identification of essential variables across storylines, as no predefined
lists of essential variables were given to any of the partners involved. We identified five seleitéoa:cr

1 EVs must be observable and sensitive to charigjés must include variables that can be monitored
(within feasibility) using either isitu or remote sensed approaches (or a combination of both) and
should be sensitive to change in order to be pad proper monitoring system. It is often the case
that some variables, due to feasibility limitations, cannot be directly properly monitored and
modelling strategies are implemented without diminishing their essentiality for the system
description;

1 EVs an include core system variablesorresponding to variables related to system elements that
affect the entire system described (e.gtha Pelagos examplevhale distribution) and/or that are
affected by a significant number of variables identified within the described narratives (gg. in
Montado examplecork production);

1 EVs must be scalablehe correct definition of EVs can ultimately go across libeders of
conservation areas and allow for more systematic (e.g. national, international) monitoring
schemes, remaining relevant across different spatial and thematic scales;

1 EVs can include variables that are unique to a given system or ecological poo@sservation
areas include very diverse systems, often with unique traits that define their conservation status.
Therefore, the identification of EVs can also include system specific variables that will hardly occu
or have the same relevance in othéstohct systems (e.g. cork productidvidntado examplg@and
whale distribution Pelagos examp)g
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1 EVs should be ecosystem agnostathough different types of instrumentation and/or data
gathering methods may apply, variables should always be definedway that allowsfor a
description ofa given reality across ecosystems. As an example, spetiessscan be simply
defined as the total number of species in a given place and moment in time. This simple definitior
can be extended across realms to the point that it is possible to obtain a spatially complete global
map of species richnefiseadley et al. 2014)

In previous research (e.Bojinskietal.2014 t he criteria for “esihwehtia
for the identification of EVs for climate and broad biodiversity classes. Here we move a step further in
materializing the specific needs of conservation management, protected areas, and their use and
application across scales and environmental coos or realms. Thus, not all these criteria are mutually
exclusive, but provide structured guidelines to orient the identification and definition of EVs within the
scope of conservation monitoring.

Given the heterogeneitgnd the number of availablstorylines, we were not able to have critical mass to

do an analysis per system, following Deliverable 2.1. Rather, we placed all storylines together in order tc
find high level commnalities that could be looked across protected areas and provide a sgfitem
description of all ecosystems included in ECOPOTENTIAL.

3.1  Converting storylines to fully developed system representations

Evolving from Deliverable .we nowincludedl15 storylines includingevenmountain areas five marine
and coastal areas and thresrid and semarid areasthat are representative of the wide range of
conditions, conservation goals and research questions that are considered within ECOPOTENTIAL. The
includethe following Proteatd Areas

1) Hardangevidda;

2) Peneda Gerés National Park;

3) Swiss National Park and Landshaft Davos;

4) Gran Paradiso National Park;

5) Ohrid/Prespa;

6) Sierra Nevada National Park;

7) National Park Kalkalpen;

8) Pelagos

9) Wadden Sea

10) Danube Delta

11) Camargue

12) Har Hanegev

13) KrugerNational Park

14) Montado systems

Following theEssential Variableapproach, these storylines were described adaog to their main
objectives indicators, variables and data used to study and assess the defined objedtieemost
relevant causal relatiss were also identified and a general system description was created to help steer
the identification of essential variables across ecosystem typesiress to 21).

For this general description of each storyline, general guidelines were given to duéiaelof variables

(see previous section for further details) but these guidelines didmtehd to constrain the bottorrup
process of describing the socidological system. Also, although several lists of essential variables can be
found, the researcérs and practitioners involved in the storylines were not asked to specifically follow
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any given list to allow them to identify variables according to their system description. Nevertivedess,
asked that a definitionvas to be providedior each variable identified, allowing fan overall aggregation

of the variables identified. This aggregation was made based on the list of essential variables from sectiol
2.2.1in an effort to harmonize betweethe initiatives of different European pjects.

Hardangervidda

(Hardangervidda National Park is the largest mountain plateau in Europe, located in southern central Norway. The\
landscape of the Hardangervidda is characterised by barren, treeless, and shrubby moorland interrupted by numerous
lakes, streams and rivers, but the current projected warming may enable forest to recolonize the area if the grazing
pressure is reduced. The main purpose of the National Park is to protect a section of a valuable high mountain plateau
and its cultural environment, and to allow for sustainable grazing and outdoor activities, such as hunting, and hiking,
while securing living areas for the stock of Wild Reindeer. Wild reindeer influence ecosystem processes (e.g. Olofsson et
al. 2004), but are also for their economical and recreational value for hunters and landowners. Many factors are known
to affect reindeer populations. Tourism and human infrastructure have been shown to affect reindeer migration and
movement corridors directly and indirectly, in both the short and the long term (Panzacchi et al. 2013). Population
fluctuations of reindeer are also affected by climatic variation, as high population growth rates have been linked to dry
winters, and climate effects are probably more important at high population densities (Aanes et al. 2000). It has also
been suggested that the suitability of winter pastures determines the effect that hunting has on population regulation,
where reindeer with access to good winter conditions are regulated by hunting, and those with access to poor
conditions are regulated by bottom-up processes (Tveraa et al. 2007). During the winter reindeer are dependent on
finding lichen pastures not covered by snow and ice, while they rely on summer pastures particularly in the south and
west of the National Park (Strand, Bevanger et al. 2006). Snow cover strongly affects lichen biomass and lichen heath
development (Skogland 1978; Odland et al. 2014), and lichen cover is known to be reduced by high precipitation and
altitude (Odland et al. 2014). High long term grazing pressure, particularly in combination with summer and all-year-
round grazing is also known to reduce lichen biomass (Kumpula et al. 2014) . However, moderately grazed ridges have
been suggested to be richer in species than un-grazed areas (Vistnes and Nellemann 2008).
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Figure6. Diagram representing the storyline developed for the Hardangervidda National Park, including
the identification of essential variables at the storyline level.

Peneda- Ger °s National Par k

Many mountain areas across Europe are undergoing rapid global change impacts. The interaction between factors, )
which have taken the form of loss, expansion and relocation of habitats, changes in phenology and physiology of
vegetation, y e-vegetation dynamics, climate change, and invasion by non-native plants, among others, will have
profound effects on biodiversity and ecosystem functioning, potentially compromising the supply of valuable b e n e y| t
from mountain-protected areas. The Pe n e d a - GlatiorfalsPark (Portugal) represent a mountain-protected area,
where the decline of the traditional agro-pastoral system of upland areas has enabled widespread scrub encroachment
and produced changes in y & regimes, which may be aggravated under future climates. The socio-ecological transitions
described above have been joined by a shift in the primary societal expectations from mountain areas; mores peci y [ i
that these expectations are nowadays mainly related to two groups of b e n e ydnservation of natural heritage, and
supply of regulating and cultural ecosystem services. The supply of b e n e framsthese two groups can be severely
impacted by the condition and dynamics of vegetation cover, which is therefore seen as a promising proxy to inform on
the state and trends of those b e n e Ydrcing models of selected b e n e fromghe two above groups in the Peneda-
Ge r pretected area against four main drivers (land use (change), climate (change), y & regime, and invasion by non-
native plants), with various socio-ecological scenarios related to the main drivers, and subsequent trade-off analyses, it
would allow to identify 6é6win-wind solutions for the fo
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Figure7. Diagramrepresenting the storyline developed for the Pen€aaés National Park, including
the identification of essential variables at the storyline level.
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Swiss National Park and Landshaft Davos

The mountain landscapes of the inner Alps have a high cultural value due to their scenic beauty and habitats of many
charismatic species such as ibex and capercaillie. At the same time, they provide services such as food, timber,
recreation, climate regulation and protection from natural hazards (Grét-Regamey et al. 2008, Huber et al. 2013). They
are managed in different ways, from strict reserves such as the Swiss National Park, to more tourism-oriented regions
such as Davos. Different management objectives and levels of demand affect the trade-offs between ecosystem
services. For example, maintaining high populations of ungulates in the Swiss National Park leads to conflicts with
farmers in surrounding areas, who see them as competitors with their livestock. These trade-offs change over time
(Briner et al. 2013), as the Alps undergo changes in land use, climate, and disturbance regimes. Land abandonment and
increased temperatures have a combined effect on the extent and distribution of ecosystems, with an upward shift in
the tree line (Gehrig-Fasel et al. 2007) and densification of previously grazed forests at high elevations (Kulakowski et al.
2011). This change may be beneficial for regulatory services, with an increase in carbon sequestration and protection
against natural hazards (Bebi et al. 2012). At the same time landscape heterogeneity is decreasing (Kulakowski et al.
2011), affecting the habitats of many species, as well as the scenic beauty (Grét-Regamey et al. 2007, Hunziker et al.
2008).
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Figure8. Diagram representing the storyline developed for the Swiss Nafar&land the Landshaft of
Davos, including the identification of essential variables at the storyline level.
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Gran Paradiso National Park

(The Gran Paradiso National Park is characterized by the presence of s i g n i Kigh-altitude environments, and hosts )
the original surviving population of Alpine ibex (Capra ibex). Both Alpine ibex and Alpine chamois (Rupicapra rupicapra)
rely on high-elevation meadows to forage during spring-summer, to face the effort of reproduction and to gain weight
before winter. Mountain grasslands, however, are semi- natural habitats, whose appearance partly derives from agro/
pastoral activities. The progressive abandonment of practices such as mowing and grazing from these areas causes
mo d i y c aotgrasslansls (in terms of species composition and richness) that can affect its forage value for mountain
wild herbivores. Moreover, fragmentation due to increase of woodlands may negatively i n p u etledngerchange of
grassland species. Abandonment of traditional land management may also affect nitrogen plant concentration and
mineralization, soil organic carbon fraction and the net ecosystem CO2 and CH4 exchange. Climate change is another
risk factor for mountain grassland, leading to an upward shift of alpine plant species, with consequent community
composition changes and local extinctions. In addition, increasing temperatures can lead to higher evapotranspiration
rates, with direct consequences on soil moisture and vegetation structure. The decline of soil water availability induces
an increasing reduction of nutrient uptake and carbon assimilation with a consequent slowdown in plant growth. The
reductions in snow cover alter the frequency of soil frost events and the dynamics of freeze-thaw cycles. This could
i n p u exmange of ecosystem properties, including rates of nutrient cycling and, hence, CO2 . Water and carbon p u x € s
between soil, vegetation and atmosphere are only partially known for mountain grasslands, also owing to the complex
geological matrix, to the wide variations in soil depth and sub-soil characteristics, and to the unknown response of the
p u x ®sxtreme impact events and climate variability. In addition, global warming and consequent shifting of plant
phenology is expected to mismatch mountain ungulates breeding with plant growing season. The advance in the start of
growth season, possibly due to an earlier snowmelt, during the last 30 years can be one of the reasons for the reduction
of the Alpine ibex population, owing to the lower kid survival during those years. All these mo d i y ¢ &aniseaviously
affect both traditional landscape and herbivores demographic parameters, in turn limiting the possibility of sustainable
tourism, associated with the presence of populations of wild ungulates and pristine grassland conditions.
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Figure9. Diagram representing the storyline developed for the Gran Paradiso National Park, including
the identification of essential variables at the storyline level.
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Lakes Orhid and Prespa

Lakes Ohrid and Prespa, located at the borders of Greece, Albania and the FYR of Macedonia, show unique geological
and ecological characteristics. They form the Ohrid-Prespa Transboundary Biosphere reserve. Macedonian part of Ohrid
is also Unesco World Heritage site. The lakes belong to the same watershed and are hotspots of freshwaters
biodiversity. Ohrid is the habitat for more than 210 endemic species of high economical and cultural value, among which
a number of so called fi | i ¥ o3 ¢ Adp®dmately 1.200 native species are known from the lake, including 586
animals. Among the endemic species, 182 are animals the rate of endemism is estimated at 36% for all taxa and at 34%
for animals. Among the several ecosystem services provided by the lake, the most characteristic one is thus the
provision of the habitat for endemic species. The habitat, and consequently the incredible diversity of the lake, is
subject to some major threats, as eutrophication, habitat destruction, growth of tourism, introduction of alien species,
o v er y sndiclimgte change. Those pressures are affecting the population of many endemic species directly ( y s h i
and indirectly through mo d i y c @f the bahitat. Many authors describe a biodiversity crisis for the lake. The most
important of the endangered endemic species is the Ohrid Trout (Salmo letnica) because of its economic importance
and because it is considered an iconic species. Tourism is causing mo d i y c & the aoastline due to the increase of
ar t i igfrastrictures, thus restricting the nesting habitat for y s h evhile agriculture and the increase of pressure from
population lead to an increase of discharges of nutrients from wastewater and from fertilisers, which induce
eutrophication whose effect on the Dissolved Oxygen concentration will be a mp | iby ¢hd predicted increase of
temperature. Further studies might be conducted to link the hydrological balance to a chemical and an ecological
trophic model for understanding what is the effect of changes of the physical characteristics of the lake on the habitat,
on the trout population and more generally on the lake biodiversity. The conservation of the lake biodiversity is a priority
for the local governments because of the ecosystem services that it sustains. Being a transboundary lake, it also faces
many challenges posed to guarantee a joint management strategy able to cope with the environmental pressures that
threaten the lake.
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FigurelO. Diagram representing the storyline developed for the OhridfRr&gkes including the
identification of essential variables at the storyline level.
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Ancient irrigation channels as management tools to buffer the impact of
climate change in Sierra Nevada ecosystem services

(The National Park of Sierra Nevada contains a dense network of irrigation channels that were built during the IX century
to provide water for mountain crops, pastures as well as to recharge aquifers. Nowadays these networks of irrigation
channels are key for the maintenance of the biodiversity of this mountain area through a broad number of ecosystem
services. Furthermore, this network is extense enough (1000 km) to modify the hydrological cycle of the mountain. Thus,
our overarching hypothesis is that the network of irrigation channels impacts the functioning of some ecosystems that
depend on water in summer. This storyline assesses the role of the channels as facilities that ar t i yincliease they
water availability in target habitats. More s p e c i y ceatpécting ehanges in the following issues:

ABiomass production: We expect an increase in plant productivity in those areas where vegetation is watered by
irrigation channels. This change is expected to occur in a short temporal span (year). Biomass production will be
assessed by Net Primary Production (NPP) trends, tree size and habitat distribution indicators.

APlant phenology: Changes in water availability can cause temporal changes in primary production. E. g.: earlier
maximum in primary production. This change is expected to occur in a short temporal span (year). Temporal and spatial
water availability and phenology trends indicator will be used to assess the e ffects on plant phenology.

AcChanges in forest structure: Forests watered by channels during decades are expected to show changes in their
structure. We expect bigger trees in areas affected by irrigation channels. This change is expected to occur in a long
temporal span (decades). We will estimate this effect using tree size and tree growth indicators.
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Figurell. Diagram representing the storyline developed for Sierra NefattaEent irrigation channels)
including the identification of essential variables at the storylinellev
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Managing mountain forests undergoing changing
disease / disturbance dynamics

(Mountain forests in the Northern Limestone Alps in Austria have been fundamentally changed through hundreds of\
years of exploitation and management. Besides large-scale clear cutting due to high wood demand from industry and
households, the natural composition of trees was altered in many areas with planting monoculture Norway spruce
forests aiming for maximal economic return, mainly due to timber, pulp and paper production. Yet, these forests are less
resilient to disturbances brought by direct and indirect impacts of climate change such as drought, storm events and
insect infestations (e.g. bark beetle on Norway spruce) (Seidl et al. 2014, Zang et al. 2014). Monoculture forests are also
less diverse as to their non-woody plant and animal species (Neumann & Starlinger 2001). Climate change is already
and will very likely impact the p a 1s kofests in several ways in future. Warming might cause upward shift of suitable
habitats for tree, plant and animal species ( P e § u etlala 3013, Thom et al. 2017). Expected higher temperature
together with more severe droughts likely will tighten water d e y cduringssummer and thus increase the vulnerability of
trees to insect infestation and natural hazards like wi | ed (Beidl et al. 2014). As a result, tree mortality might increase,
possibly more so for tree species with low water use efficiency (such as Norway spruce). Climate, tree composition and
forest structure are intimately linked to forest growth, carbon and nutrient cycling (Kurz et al. 2008). Temperate mountain
forests currently act as a carbon sink thereby mitigating CO2 emissions (Pan et al. 2012, Kobler et al. 2016), but there is
no guarantee that this may be maintained in future (Lindroth et al. 2009, Nabuurs et al. 2013, Frank et al. 2015).
Increased frequency and extent of forest disturbances might also pollute the groundwater, which is an important
drinking water resource in the area (Hartmann et al. 2016). Furthermore, it has been shown that insect outbreaks and
storm events alter biodiversity (Thom et al. 2017) and they will challenge the human perception of how the p a s k| 6
recreation forests need to look like (Beudert et al. 2015).
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Figurel2. Diagram representig the storyline developed for the Northern Limestone National Park,
including the identification of essential variables at the storyline level.
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Temporal evolution of ecosystem services in Sierra Nevada

Human activities have heavy consequences on ecosystem structure and function decades or centuries after they have
occurred (Foster et al., 2003). The variation in anthropogenic use have conditioned the capacity of mountain
ecosystems to produce ecosystem services over time, resulting in trade-offs between provisioning, regulating and
cultural services. So we aim to know the past and present situation regarding the trade offs amount different ecosystem
services (provisioning and regulating). These tools will help decision makers to determine where and how they can allow
different types of agricultural practice and land uses in Sierra Nevada. The main purpose is to facilitate the management
based on ecosystem services (ES). Provisioning services will be g u a n t byythe groduction of agricultural products
and livestock in the last decades by the rural economy. Regulating services will be evaluated using WiMMed model
(Herrero et al., 2009). WiMMed (Watershed Integrated Model in Mediterranean Environments) is a physically-based, fully
distributed hydrological model. The main tools used to assess land use scenarios ES Bundles and ES trade-offs are:
bayesian belief network, GIS analysis, database queries, r egression and multivariate models.
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Figurel3. Diagram representing the storyline developed for Sierra Nevada (tenmgaotaition of
ecosystem services), including the identification of essential variables at the storyline level.
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Pelagos

(The Pelagos Sanctuary for marine mammals (Panigada et al. 2008; Azzellino et al. 2012) occupies a large area (87 500\
km2) between Italy, Monaco and France and is one of the most s i g n i greasfortfeeding and breeding of y nwhales
(Balaenoptera physalus) and striped dolphins (Stenella coeruleoalba) in the Mediterranean Sea. Despite the
establishment of a Marine Protected Area in 1999, the population of cetaceans in keeps declining due to unregulated
human activities and environmental problems (e.g. ship strikes, forage o v e r y s(®oll et gl.)2010; Coll et al. 2012). The
decline of cetacean populations affects among others the b e n e thé Iscal communities gain from tourism and the
existence value of these species ( O6 C o et alo2009). The distribution of y nwhales and dolphins within the Sanctuary
is also determined by biophysical conditions (e.g. bathymetry, sea surface temperature and chlorophyll a concentration)
and biological parameters (e.g. y s hiomass and the nutritional needs of whales and dolphins). Ecological functions that
occur within the ecosystem (e.g. primary productivity) can determine the feeding habitat of whales and dolphins. The
presence of these species can be used to assess tourism recreation potential and the number of tourists and whale
watching activities in the area re p e dhe surrent recreational value of the area. At the same time, due to consumption
demands, several y s h iomslgipping routes exist and are expected to result in changes in the socio-ecological system of
the Pelagos Sanctuary with negative impacts to the whale and dolphin populations.
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Figureld. Diagram representing the storyline developed for the Pelagos Sanctuary for marine mammals,

including the dentification of essential variables at the storyline level.
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Wadden Sea

The Wadden Sea is an international, highly productive estuarine area, and one of the largest coastal wetlands in the
world (UNESCO, World Heritage Convention). Abutting continental Europe, the protected area borders Germany, the
northern portion of the Netherlands, and western Denmark. This coastal area is a biodiversity hotspot due to its
positioning as a convergence point of multiple domains, including terrestrial, fresh water, brackish and marine habitats
(Common Wadden Sea Secretariat). This multi-faceted combination allows for the support of a wide breadth of biota
and is characterized by extensive tidal mud flats, saltmarshes, and deeper tidal channels between the mainland and the
chain of islands which denote the outer boundary between the Wadden and North Sea. This mosaic of systems
interacts dynamically due to wind, wave, tidal and riverine/runoff forcing functions, resulting in the creation of different
types of coastlines which more than 10 million birds call home for varying lengths of time, often on migratory routes
between nesting grounds near the North Pole and wintering sites as far south as Africa (ECOMARE). Influxes of water
from rivers systems which empty into the North Sea are transported by coastal flow to the Northern Netherlands and the
Wadden Sea, combining with the fluxes already present within the system, producing elevated levels of nutrients. These
higher levels of nutrients can cause elevated levels of primary productivity, and subsequently higher secondary
production as well as eutrophication. The higher production impacts the functional and structural relationships in
ecosystems. Over last decade, nearly half of the breeding birds have continued their decreasing trends in portions of the
Wadden Sea. For migratory birds, decreasing trends of several species have changed to stable or increasing numbers,
especially for Arctic-breeding species, however, some bird species are still decreasing. There are some indications that
overfishing, as well as insufficient large roosting and moulting areas affect numbers and distribution of migratory birds.
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Figurel5. Diagramrepresenting the storyline developed for the Wadden Sea, including the identification
of essential variables at the storyline level.
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Danube Delta

Danube Delta is one of the largest wetlands, still well conserved in Europe listed not only under the EU Habitat and Bird )
directives but also under UNESCO Man and Biosphere program and the RAMSAR convention. Compact and large
wetlands areas create a complex landscape that hosts a high biological diversity characterised by the large number of
bird and y s Bpecies, but also by the rich cultural characteristics of local communities and their traditions. These
aspects are attracting a large number of tourists willing to enjoy nature by doing row boating, sport y s h iandg
birdwatching. Over the years, but especially in the late 1960 the Lower Danube River was subject of intense

embankments and as a result more than 80% of the former p 0 o d pwas fransformed for agricultural purposes with

important consequences on the functioning of the p o o d p (teduced area for y s bpawning and feeding, reduced

capacity for p o opdotection, reduced capacity for nutrient storage and other pollutants) and also the Danube Delta. The

impact of damming was complex from changes in the discharge, water depth, and suspended solids. This in turn had

an effect upon the primary and secondary production and generated transition of the lakes ecosystems between clear

and dominated by macrophyte to turbid lakes dominated by phytoplankton as main energy inputs. The mentioned

changes are re p e c in €hd trends of the y s population (change in the structure and also in biomass) but also in the

bird populations and in water quality. The proposed storyline explores the link between aquatic ecosystem productivity

(primary and secondary) and touristic attraction of the ar ea.
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Figurel6. Diagramrepresenting the storyline developed for the Danube Delta, including the
identification of essential variables at the storyline level.
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Evolution of wetland functions and services in the Camargue

The Camargue Biosphere Reserve in the Rhone delta covers 145 000 ha inland, including various wetland types
intermingled with agro-systems dominated by rice, an irrigated crop. Through a complex network of irrigation and
drainage channels, about 400 millions m3 of water are pumped each year from the Rhéne to compensate for river
embankment and avoid soil salinisation. This water, primarily pumped for rice farming, is also used for increasing
wetland services in terms of ecotourism, wildfowl hunting and reed harvest, as well as for irrigation of pasture meadows.
This results in a wetland gradient spreading from continental-type permanent freshwater ponds to Mediterranean
temporary brackish pools. While such a hydrological heterogeneity contributes to the overall Camargue biodiversity, it
also puts the typical Mediterranean flora and fauna at risk. In semi-permanent and brackish wetlands, seasonal
variations in water levels are particularly crucial for the maintenance of emerged and submerged macrophytes and their
associated fauna (Bolduc and Afton, 2004; Osland et al., 2011). Various factors such as increased salinitiy in the Rhone,
global market evolution of rice or biofuels, could result in profound modification of management practices by wetland
stakeholders and farmers with important positive or negative repercussion on the functioning and biodiversity of these
ecosystems. Climate change could also impact wetlands by altering the extent, duration and inter-annual variability of
wetland flooding associated with rainfalls. Development of monitoring tools based on earth observation to monitor
recent evolution and simulate future projections in wetland hydrology and the service they provide are thus essential.
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Figurel?. Diagramrepresenting the storyline developeat the Camargue Bipbere Reservencluding
the identification of essential variables at the storyline level.
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Har Hanegev

(Har HaNegeyv, a typical arid rocky dryland (rainfall 90mm/year), is a cultural landscape that links together human and\
natural elements (Evener et al., 1982). The cultural landscape is functioning as a hydro-geo-eco-socio system. The
biophysical sub-system is a network of interactions among, geodiversity, soil moisture diversity, vegetation pattern,
species diversity, functional diversity and ecosystem functioning driven by rainfall and surface runoff patterns (yair and
Raz-Yassif, 2004; Yair and Shachak, 1982). The social sub-system is a network of isolated settlements that occupied a
part of the landscape (Ornstein et al., 2016). Their location at the watershed and the grazing and farming activities by
the settlers in the open space affect the water flow and productivity of the entire landscape (Avni et al., 2006). Har
HaNegev management goal is aimed at integrating human structures and natural biophysical elements to form a
functional socio-ecological system that maximizes primary productivity that enables sustainable co-existence of
humans in settlements, and high diversity of plants (500 species) and animals (350 species) in protected areas and the
non-protected open space (Ward and Olsvig-Whittaker, 1993). There are two types of human settlements that are
integrated in the natural setting: (i) ancient abandoned human settlements, which include ancient cites and their
associated agricultural area, which are situated mainly in the dry-valleys. The ancient farmers altered the water flow and
productivity on a large spatial scale by constructing channels on the slope and terraces in the valleys in order to collect
runoff from the slopes, to support agricultural production in the valleys. They are at present the main source of primary
production for the natural elements; (i) new settlements that include: small towns, rural settlements and homestead
farms that have considerable effect on the distribution and abundance of species; functional diversity of species and
spatial and temporal distribution of primary productivity.
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Figurel8. Diagramrepresenting the storyline developed for the Har Hanegev, including the identification
of essentialariables at the storyline level.
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Kruger National Park
( N
The Kruger National Park (KNP) is a semi-arid ecosystem supporting high levels of biodiversity and also b e n e ffoms
ecotourism that contribute substantially to the South African economy. In addition, areas surrounding are occupied by
rural communities who solely rely on natural resources for their daily sustenance or livelihoods i including food and
energy security (Shackleton et al. 2002). The location of KNP is well placed in the savanna ecosystems with open
canopy forests (about 50% or less tree cover) made of heterogeneous layers of grass and woody plants (Ben-Shahar
and Coe 1992). The woody component or tree cover plays a key role in ecosystem functioning, impacting on the y &
danger, rates of transpiration and biomass production, nutrient cycling, soil erosion, carbon sequestration and water
distribution, and more widely on food and energy security (i.e. fuel wood). While the grass component, plays a crucial
role in the provision of grazing areas for livestock and wild herbivores (Prins and van Langevelde, 2008; McNaughton,
1990), the bush encroachment impacts negatively on availability of grass or grazing resources ( O6 C o et al.a2014), for
herbivores including wildlife and livestock (Grant and Scholes, 2006; Treydte et al. 2007; Ludwig et al. 2008). About 90%
of rural community relies on fuelwood as their main source of energy and livestock production as their mainstay for
livelihood. Cutting down of trees (i.e. illegal logging outside the park) and elephant pushovers are the main factors
affecting the tree cover and densities, hence reducing potential for carbon sequestration and fuelwood availability .
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Figurel9. Diagramrepresenting the storyline developed for the Kruger National Park, including the
identification of essential variables at the storyline level.
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Montado

4 N
Montado is a High Nature Value wood-pasture system characteristic of the Mediterranean Basin that is listed under the
EU Habitats Directive (Habitat type 6310 i D e h e with ®vergreen Quercus s p p dhjs. traditional socio-ecological
system generates multiple ecosystem services (Pinto-Correia et al. 2011, Bugalho et al. 2011, Plieninger et al. 2015).
Among these, cork production and the conservation of charismatic and protected wildlife and habitats are of overarching
relevance for ecosystem management. The long-term sustainability of the montado ecosystem is currently threatened by
declining trends in stand density caused by adult tree mortality and d e y c itreerrdcruitment ( A ¢ § and Holmgren
2014, Almeida et al. 2015). The Common Agricultural Policy (CAP) and market pressures have affected management
practices, namely an increase in cattle density and grazing pressure, which leads to soil compaction, loss of vegetation
cover, and a decline in natural regeneration (Bugalho et al. 2011, Almeida et al. 2015, Guerra et al. 2016). At the same
time, destructive soil tillage for pasture sowing and shrub control are contributing to soil degradation and also preventing
natural regeneration (Pinheiro et al. 2008). Soil degradation also restricts soil water i ny | t thastaggoamating the
effects of a shift in precipitation regime and of more frequent droughts that lower water availability in the growing season
(Ramos et al. 2015). The simultaneous increase in tree mortality and decline in recruitment not only affects cork
production in the long term, but also causes changes in habitat structure with reduction of tree density, loss of tree cover
and fragmentation of the system ( Ac § and dloimgren 2014, Almeida et al. 2015). These structural changes can
eventually lead to changes in ecosystem extent and distribution in the landscape, with impact on the abundance and
distribution of threatened species.
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Figure20. Diagramrepresenting the storyline developed for the Montado region in the South of
Portugal, including the identification of essential variables at the storyline level.
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3.2 Synthesis of essential variables across realms

From the description of theelectedstorylines, 53 different variables were identified and, from thee, 4
variables were consideredocally important for the description of the different conservation
goals/research questions. Annexsttmmarizeghe full list of the variables that ere mentionedin the
storylines and their definitions as provided tine partners involved in the design of the storylinditice

that it was not required that the storylines choose from a menu of essential variables to allow for flexibility
and local pmwritization in the development of each Storyline. Instead, the storylines identified and defined
the variables they considered be essential.Following the 3iered approach, we see that there are
almost no variables that were identifieds essentiahcross all storylines (tier 1) and only a few that
occurredprecisely in the same wag more than one storyline. Nevertheless, there were many variables
that were described invery similarwaysacross many storylineél s i n gbottom-upsd e“r i ved” |
variables, and based on the definitions provided, agsignedhe storylineprovided variables to thdist

of essential variables provided Deliverable 2.1The identification athe local level of a high number of
variables is closely related to tltemplexity and differences between the ecological systems described
together with the different local priorities and according to the installed technical capacity of each
protected area being assessddeverthelessvariables were quite similacross sygms and research
initiatives. Without changing the actual meaningomecould be improvedso that the same variables
were indeed collected across many pla¢esy. precipitation is identified as amount in some storylines
and spatial distribution in others)n other cases, these near essential variables can be seen to be different
waysgconditionsof measuring similavariables (e.g. sea surface temperature and air temperature).

For eachnear essential variable, we consider threeajor dimensions. The firselatesto whether an
identified variable | oosely falls within a hi.
variable differs across protected are&®r examplea number of different types of precipitation variables
were proposed byhe storylinesThe secondlimension is the degree to which these higher level essential
variables are shared acros®rylines.Fnally, the thirddimension reflects differences in the implantation

and collectionof these variables in terms of whatl®ing measured (dimension, thematic extent, units,
etc.) and how (e.g. differences betweensitu, remote sensing or combined approaches).

Table 3 provides a summary of the level of overlap betweemibst frequently identified, highelevel
essentialvariables across the different storylinésee Annex 1 for the assignmentspr these reassigned
variablesit is possible to identify a clear group of variables th@not only used to describkalf of the
ECOPOTENTIAL storylines/protected areas otshlow striking similaritiegn the way and place that
theyar e col |l ected and used. These include "“ecosy!
and “taxonomic diversity”. Although “1t axyimes mic
this variable casometimesbe directlydeducedf r o m “ p o p u | a twhem the latdr teferd a@so c e ”
to species compositioand, therefore,be obtained by an increased numbetorylines. Nevertheless,

many protected areas collect information oogulation abundance of selected species and not with more
extensive biodiversity surveys, potentially hampering the ability to cross pollinate other variables with
relevant information.These are the variables that systematicatientioned ina higher number of
storylines and that at the same time can be to some extent compared across the same storylines.

As expected, due to the nature of conservation sites, within this shortlist of essential variables 3 of them
correspond to previously identified essentmbdiversity variables and the forth (precipitation) relates to
most hydrol ogi cal processes that being address:
considered an essential variable, it also occurs in several storylines. All togthithee, variables also
reflect the assessmenapproaches that are being taken in several storylines, with a strong focus on
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processbased modelling (mainly some sort of hydrological modelling) and on biodiversity modelling
(either species or ecosystems).

Table2. Identified essential variables based on the outputs from the developed storylines. Values represen
the frequency of each variable in relation to the other variables identified with a high degree of
comnonality across theterylineso S®3® G L3R LJdz F A2y | 6dzy Rl yOS¢ g1 a
oprecipitatiore was mentioned)Bold lines indicate the variables that can be obtained across a higher

number of storylines.
EssentialVariables

EBV: : !
Ecosystem ECV: EBV'. 2205 . EREV: Land ECV: Land .
S Population Taxonomic EBV: NPP
Extent and Precipitation . . use *** Cover
- Abundance Diversity
Fragmentation
EBV: Ecosystem _Extent ar 8 7 7 4 5 3 3
Fragmentation

ECV: Precipitation 8 7 5 5 & 3
3

S | EBV: PopulatioAbundance 7 4% 4 2 2
g

] EBVTaxonomic Diversity 7* 4 3 3
c

% EREV: Land use ** 7 4 4

ECV: Land Cover 6 4

EBV: NPP 6

* An important remark has to be made here as many protected areas collect information on population abundance of seleesdsgeandt withmore
extensive biodiversity surveys. This may hamper the ability to cross pollinate other variables with information.
** According to its description this variable also includes land cover (to some extent), including urbanization, hydrolggst,destriptions.

Although the final objective of using essential variables is to be able to represent the same
ecological/environmental properties across ecosystems and realms, it is important to note that these
essential variablediffer across marine and terrestrial reaé—most commonly shared essential variables
are concentrated in terrestrial and (some) coastal systems. Although this can beifactarttroduced in

this analysis due to a reduced number of storylines being evaluated, it is important to note that some
distinctions may have to be considered when identifying essential variables to describe global
ecosystem/environmental change.

At the same time, a second set of variables was identified. Although with less consistency across sites
t hese i ncl”ude" |“anadn dc ouvBesse are oftanmsedastoMd3d3s impacts, in the case

of the first two variables, or to obtain measurements of ecosystem function, in the case of NPP. Together
with “surf ace waselesgidantdigdthanetie pré@dsvaaablesalthough it has a similar
degree of overlap across storylinethese constitue a second layer of variablésie to their overlap and
ecosystem significancén the case of the first group of essential variables, looking at the ctztaction
strategies enunciated by the storylines, half of them could be obtained using mainly remote sensing
techniques, while this second group of variables is mostly obtained from remote sensingsaggests

that a multilayered monitoring systentan have significaly positive implications forthe budget
allocated to monitoring programs lprotected area managers.

The selection of these variables, paciarly land cover and land usas dentified in ConnectingGEanhd
defined within the storylinesalsoshows the emergence of key ontological issues related to the definition
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of each concept/variable I n fact, several storylines use *“e
as interchangeable concepts/variables depending on the focus of thglis® and,therefore, on the
professional background and installed capacity of the people involved in its design. Clarifying these issue:
is critical for a largescale implementation of this approach to other protected areas and conservation
sites.

Theselection of these 7 essential variables in a pool of 45 variables consisleogds the diversity of
information needed to clearly represent this group of storylines and protected aféasy-eight of these
variables fall within TieB, the ancillary prtected area variables that are required to understand
ecosystem and ecosystem service change within a protected area, but are not shared aaags a |
number of areas.Indeed, if the scope of consideration is reduced to a realm, biome, or smaller
biogeogaphic unit, it is likely that thesécally important variablesvould rise to the level of being
essential variables within that uniComing from a local/regional perspective, soeablogical systems
can be developed and described with more depth, aliog for a better understanding of how these
systems work but at the same time for a broader/highel integration (e.g. within biomes) that
underlines the general impacts of global change and pressures/drivers at local scales.

Therefore, the process faelecting essential variables cannot be seen as an exclusion process but rather
a high-level priority setting process that can help framamurrent and future monitoring systems for
conservation and noigonservation areaslhis process can also help integgaan ecosystem approach

with other analytical frameworks beingurrently applied to support conservation managemeat the

same time, his process has a cleaalue formanagers, researchers and other decision makelgvert

the current decision makingrocesghat isbased on preferential lists of monitoring variables amstead

to build monitoring systems that focus on the essential elements of key ecosystem processes. This shif
couldeventuallypermit the assignment ofariables that were now iderited asonly oflocalimportance

(e.g. water qualityhabitat structure to a higher plane omportance, as they can serve different purposes
and conservation objectives.

3.3 Main challenges of a bottorup approach

Essential variables are often describeckag environmental descriptors that allofer arepresenation

of trends of sociakcological systems at multiple scal€smake furtherprogress in this direction, several
authors and research projects developtap-down approachedor the identification and selection of
essential variables that led to more or less extensive lists of potential essential variables that can be uset
across scales and ecosystems. Nevertheless, it is still to be demonstrated thatishesd# essential
variables maintain their relevance and consistency across scales and that information can be collectec
(both from remote sensing and in situ sources) to properly calculate all variables iderstiiedlating
methods development for véables for which crucially information is needed

To assess the consistenagross scales of the relevance of these variablethiwECOPOTENTIAL we
followed a bottomup approachfocusedon obtaining ecosystem level representations withihieh it is
possible to identify locally relevant variablesd assess hotihey caninform high level essential variables

(see previous sectionhlthough it provides relevant insights on the dynamics and necessary information
to describe each ecosystem, a bottamp goproach is not impervious to potential limitations. These
include: i) the need for standardization across ecosystems; ii) the need for standardization across scales
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and iii) how high level essential variables informeddwmal efforts can provide consistedescriptions of
the state and trends of ecosystems and biodiversity.

Standardization across ecosystems

Across ecosystems there is a variety of elements that have to be considered for standardization. At the
top of the list there is the fact that evenithin the same ecosystem, across protected areas there is a
number of different (but often convergent) conservation goals and approaches. This can generate
challenging limitations to obtain consistent descriptions across protected areas of thetgpeand,

even more problematic, across ecosystem types. From the experience gained within ECOPOTENTIAL, t
complexity and diversity aipproaches to the description of soc&dological systesimay be inversely
related to the diversity of stakeholders involvadthe process.

Another aspect is related to data collection and usage across ecosystems and protected areas. Our resul
show that different storylines have significantly different methodological approaches to data collection
divergingdirectly with thetype, resolution and methodological approacle(remote sensing and-situ).
Parallel to the bottorrup approactfollowed inthe StorylinesECOPOTENTIARIsomaking a significant

effort to provide a standardized, remote sensing based, collectiaatdsets common across protected
areas(that will be described in the deliverables of WP4 aMB8) Once finished, this efforill provide

the necessary protocols to allow other protected areas to collect information that can be comparable
within their country and/or region. This effonvill constitute the backbone of a cross ecosystem
conservation monitoring system that consistently usesiparable datasets and information.

Finally, across the board protected areas have a wide range of specific conservation goals. Nevertheles
the ecosystem based approach here implemented shows the potential of having-ctrbisg
conservation goals thagjo beyond specific protected and ecosystems but at the same time can be
informed having in account the local interests and monitoring efforts.

Standardization across scales

The ability to create and maintain a cross ecosystem conservation monitoringrsysse consistently
uses comparable datasets and information requstandard data collection and usage protocols that go
beyond specific ecosystemshis major crossutting task would also allow, or at least promote, cross
scale assessments and dateeigitation. Section 3.2 already provides a first description of how consistent
the selection and integration of locally important variablesbut for crossscale data integratioran
assessment of how consistent conservation goals agpatalscalesare still needsto be undertaken

This step is critical to understand how locally relevant variatéesnform high level essential variables
and, with that, high level conservation goals.

Crossscale integration of remote sensing products and information may still require the definition of
specific protocols and approachbat a bigger issue is posed for in situ data. Moving across scales using
in situ data requires not only standardized protabut also that the same type and level of information

is collected. A clear example of this issue can be illustrated using species distribution data as man
protected areas only collect information on specific flag species (eventually flag groups) aadlifier
between protected areas. Aggregating all this information at a higher level is not only challenging but,
often, also impossible.
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34 Essential variables across scales

The bottomup identified EV show the strong advantage to be highly adapted to the local needs of
individual PAs. Despite a certain overlap between the EV identified for individual PAs, they do not
automatically qualify as EVs for a monitoring across saatasling a largescale, PasEuropearcoverage

Main challenges for EVs valid across scales include:

(1) the significance of the selected variables beyond the specific local situations,

(2) the spatial resolution of the monitoring and the consistency betweesitin data, highresolution
remote sensing products (e.g. Sentinel) with coarser resolution imagery (e.g. MODIS products),
and

(3) the temporal resolution of a representative monitoring network with appropriate repetition rates
to distinguish between shottierm variability versus lonterm changes.

To address the all three challenges, it requires a systematic evaluation of EV across datasets and scales
ensure that feasible and meaningful information can be provided also across Europe. Building on the
conceot of EV, Deliverable 8.5 on largeale monitoring is going to assess the current state of {acgée
monitoring in Europe and options to improve it. Based on discussion between WP2 and WP8 partners
the following variables from the bottorap identifiedset of EVs are considered most relevant and feasible
for largescale monitoring and are presently a key focus of this work:

Ecosystem extent and fragmentation

Precipitation

Land cover

NPP

Population Abundance

Taxonomic diversity

= =4 4 -4 -8

Continued collaborgon between WP2 and WP8 is envisaged to consolidate the selection of EV fer large
scale monitoring and to reonsider whether this selection would then also be valid to capture processes
at the scale of individual PA. Furthermore, questions about the datign of adapted lists of EV for
different ecosystem types (e.g. aquatic/ terrestrial), and the potential to include cag interaction
between local ecosystems and some of the lasgale controls will be discussed.
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4. Identification of remote sensin@pproaches to quantify essential variables

4.1 From selected essential variables to a remedensing monitoring framework

The direct and indirect retrieval of primarily terrestrial and marine/coastal biogeophysical variables at
spatial resolutions andemporal frequencies that are appropriate for approaching each PA essential
variable is a main aim in ECOPOTENTIAL that has been achieved in WP4. Also, the EODESM system fo
extraction of thematic maps and indicators from multiple scale EO dasebbéan developed through
ECOPOTENTIAL. This system allows a) land cover classification based on previous biogeophysical variat
both thematic (e.g., leaf type, water state) and continuous layers (e.g., hydroperiod, canopy cover) and b)
the detection of bange based on LCCS categories, component codes and biophysical variables. A fu
description of the EODESM system is provided in Deliverable 4.2 but a summary is given below.

4.1.1 Classification of land covers

The EODESM system using the Food anccAgti t ur al Organi sation’s (FA
System (LCCS) was developed using LCCS Version 2 and can be modified to integrate the more recent L
Cover Macro Language (LCML). The LCCS taxonomy is hierarchical and allows for the progress
classification of comprehensive range of land covers at the ground level and atls@#&roh observation

(EO) dataThe LCCS system has been used as the basis-foade@ classifications in many studies but

the approach has typically been to establishitiraing ar eas for the ‘“end cl a
broadleaved evergreen forests). The EODESM takes a different approach in that it follows the sequence
of classifications through the hierarchy using derived products from EO data but also athilrgispatial
information, such as cadastral and urban maps, models (e.g., of hydrology) and knowledge (Bigure 2
The EODESM system is particularly attuned to ingest biophysical information obtained from remote
sensing data.

The EODESM system acceps to 45 inputs (e.g., relating to hydroperiod, leaf type, cadastral
information), with these provided as thematic and continuous (typically biophysical) layers @)able
Many of these are derived from remote sensing data (Tahlencluding optical, rdar and lidar imagery,

but can also be obtained from other sources. The EODESM system can ingest locally derived layers (e.
by the user through supervised classifications) or those extracted from European or global datasets (e.qg.
the Universityof Maryand’' s tree cover density’ (BCaJoietResearch t h
Centre (JRC) global hydroperiod). Thematic layers are recoded to achieve appropriate input to the
EODESM system, whilst continuous layers are summarised into different categories within the systen
(e.g., relating to canopy cover ordpperiod). Once entered, the system automatically translates the
inputs to individual LCCS codes (e.g., A4 for shrubs, A5 for forbs), combines these to form a string (e.c
A3.A10.B2.C1.D1.E1.F1.F9.G7) and then translates the string to a descriptivgiindinie case, Trees
closed canopy (>760 %) tall (1480 m) continuous broadleaved evergreen witl [ayer supportingppen
canopy 73 m in height)An example of the classification is provided in FiguBda2 the Camargue in
southern France.

For manyregions, a diverse range of other variables (Table 2) can be obtained from EO data but these
cannot be used t@stablish the LCCS categoridgvertheless, they can be included as attributes within

the EODESM system and used to provide additional descsiftioland covers and also changes. The
outputs from the EODESM system can also be used to describe additional variables (Table 3).
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Figure22. An overview of the EODESM system.

Table2. Essential Variables retrieved from EO data and used as dipettto the EODESM system.

Essential variable Description
Agriculture Crop Area
Crop Management and agricultural practices
Crop Phenology
Biodiversity Phenology (Species traits)
Physiological traits (Species traits)
Vegetation height
Climate Glaciersand ice caps (Land)
Ice sheets (Land)
Lakes (Land)
Phytoplankton (Ocean surface)
Snow cover (Land)
Suspended particulates (POC, PON or POM) and PIC ++ laboratory.
attenuation, backscatter, acidifiable, beam attenuation (Biogeochemical)
RenewableEnergy Tidal (min, max, sea surface elevation)
Urbanization
Water Water quality

Table3. Essential Variables retrieved from EO data that provide additional descriptions of land cover

EV Description

EV Description

Climate Aboveground

Albedo (Land)

~(@[ ) ECOPOTENTIAL - SC5-16-2014- N.641762

Agriculture  Crop Type
Biodiversity Net primary productivity (Ecosystel
function)

biomass (Land)
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FAPAR (Land) Population structure by age/size cla
(Species populations)

LAI (Land) Ocean Chlorophyll (Biology and Ecosystems

Ocean colour (Oceasurface) Coral Cover (Biology and Ecosystem

Permafrost (Land) Large marine vertebrates
abundance/distribution (Biology an
Ecosystems)

Phytoplankton (Ocean surface) Zooplankton, Krill biomass/abundanc
(Biology and Ecosystems)

Precipitation(Atmosphere surface) Renewable Elevation, Orography

Sea ice (Ocean surface) energy Land surface temperature

Sea level (Ocean surface). Ocean bathymetry

Sea state (Ocean surface) Wave, height, direction, period

Seasurface temperature (Oceagurface)
Soil moisture (Land)

Surface current (Ocean surface)

wind speed and direction (Atmosphel
surface)

Table 4 Essential Variables that can be derived from the EODESM system
Essential Variable Description
Biodiversity Disturbanceaegime (Ecosystem function)
Ecosystem composition by functional type (Ecosystem structure)
Ecosystem extent and fragmentation (Ecosystem structure)
Habitat structure (Ecosystem structure)
Population structure by age/size class (Species populations)
Seconday productivity (Ecosystem function)
Species distribution (Species populations)
Species interactions (Community composition)
Climate Fire disturbance (Land)
Land cover, including vegetation type (Land)
River discharge (Land)
Water use (Land)
Ocean Mangrove Area (Biology and Ecosystems)
Salt Marsh Area (Biology and Ecosystems)
Seagrass Area (Biology and Ecosystems

Renewable energy Land use, Land cover, including urbanization, hydrology, grid description
Urbanization
Health Famine early warning

Short term forecasting of coAs inputmmunicating diseases

4.1.3 Land cover, land use, habitats and ecosystems

Many of the protected areas require information on the extent of different land covers and, in several
cases, habitats and ecosystems as wellaasl use and functional types. The following clarifies the
meaning of these. The EODESM system classifies land covers but the classes can be translated to a num
of habitat taxonomies (e.g., the General Habitat Categories, Annex | Habitats), pastidusaitlitional
information (e.g., context, soil type) is available.
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Landcovei s defined as the physical materi al t hat
vegetation (forests, shrubs, lichens) and artificial structures.

Land usedescribes how an environment is modified by humans and includes farming, forestry, urban
development and irrigation.

A habitat describes the natural home or environment of a living organism that provides all of the
conditions needed for survival (foodater, shelter and space). An example might be small ponds, low
shrublands and grasslands.

Anecosystens comprised of all living organisms within a unit ased thephysical, chemicagjeological

and hydrologicaénvironment they live in and interactithk, and the way they impact on each other. As

an example, a bog (the ecosystem) might be comprised of pools, low shrublands and grasslands (th:
habitats) and the fauna and flora that form, depend on and interact with different components. For the
purposesof risk assessment, ecosystems are normally defined as assemblages of species within
particular area, environment or habitgplus the physical, chemical and geological environment.

Thefunctional typesof ecosystems are regarded as groups of specigsopulations that perform the
same or similar functions or sets of functions.

4.1.3 Environmental variable usage within EODESM.

Based on the analysis of the protected area requirements within Section 3.1, this section provides an
overview of the types foenvironmental variables that are required and outlines how these are utilized
with EODESM.

The EODESM system is based on the principle that landscapes are comprised of a number of compone
‘el ement s’ . For exampl efa pasticutardife éosnt(e.gi, seesc shnulys,r i
grasses, forbs, lichens, mosses), structure (height and cover, which varies horizontally and vertically) an
leaf type (broadleaved, needleaved or aphyllous) but also vary in terms of the function (e.genplogy

and productivity). Water may be of varying states (liquid, seozien or frozen) but also move at
different velocities, be of differing depth and contain constituents in different concentrations. In many
cases, earth observation data can bediso obtain this information and this is recognized in the EODESM
system. Examples are provided in the following subsections.

Agricultural areas

Within the protected areas considered, agricultural land is described in terms of crop type and also the
area of coverage. Many crop types can be discriminated from earth observation data, primarily through
differences in spatial but also temporal diffei@s in surface reflectance but radar backscatter
(particularly using those acquired at higheradd Gband frequencies). However, the main reasons why
discrimination is achieved is because of the different foliar chemistries, cell structures and moistur
contents of the individual plants and also how these are configured in three dimensions. The
characteristics of the underlying surface (e.g., soil type, moisture content), which are influenced by the
patterns of planting and treatments, are also importa By using different earth observation sensors to
describe the different characteristics of the plants and the underlying surface, different crop types and
also management practices and regimes can be discriminated.

Natural vegetation

A wide range oflescriptors of natural vegetation were indicated by the protected area managers and
scientists with these focusing primarily on structure (e.g., cover, height, leaf area index), biomass
(herbaceous and woody), function (foliar chemistry and nutrients)sgeties type and distribution. Such
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information can be obtained from data acquired by optical, radar and lidar, either singularly or in
combination. As an example, forests can be described on combinations of cover and height derived fromr
optical reflectance and lidar data (e.g., tall closed forests or low open woodlands). Additional measures
can be used to describe the functioning of ecosystems including net primary productivity and leaf flush,
build up and fall as a function of temperature and day léngt

Water states and dynamics

The majority of protected areas requested information on the extent of water within the landscape but
also the characteristics of this water. As examples, data on water quality, levels, temperature and
pollutants were neededn the Danube Delta and Lakes Ohrid and Prespa. Such information can be
provided primarily from optical and thermal sensors, including through inference (e.g., the presence of
algae might indicate eutrophication whilst sediment loads might indicatddrge of mine waste). In the

case of the Camargue, knowledge of the movement of water through the landscape was essential
although this was over varying time periods (daily to seasonal). Daily and summarized flow data typically
requires reference to hymlogical gauges but hydrological modeling using high quality DTMs (e.g.,
generated from interferometric SAR or LIDAR) can also allow flowing and standing waters to be
differentiated but often within the confines of a channel. Over the broader landscages of the extent

of water can be derived from optical and radar data (e.g., Landsat/Sentinel2 and Séntarad then
combined over a season or year to generate hypleoiod maps. When these are compared over time,
changes in hydrgeriod may indicatex net drying or wetting of all or parts of a landscape.

Within protected areas located in mountainous areas, information on the distribution and amount of
snow and ice cover was needed (e.g., for Gran Paradiso and Swiss National Parks). Whilst sisaw maps
be generated from moderate spatial resolution data, these are often of insufficient spatial resolution and
hence coarser spatial resolution sdhily or near daily mapping from sensors such as MODIS is often
considered sufficient. However, optical, S&RI also thermal sensors can provide information on snow
condition and physical characteristics.

Bare ground

Whilst information on the extent of bare ground itself, there was a need for detailed information on soll
properties, including carbon, moisturstructure, temperature and texture. Such information is difficult
to obtain from remote sensing data as often the soil is covered by vegetation. However, arggand
desert areas such as Ha Negev and Murgia Alta, there is sufficient exposwoiktofadlow retrieval of
some elements, namely moisture and temperature.

Marine environments

Within marine protected areas (primarily the Pelagic Marine Reserve), common data requirements
included sea surface temperature (SST), suspended solidslvdid organic matter, phytoplankton
distribution with this indicated in part by the amounts of chlorop¥eyllThe majority of these data can be
captured by earth observing sensors that operate on adaily to near daily basis (e.g., MODIS, AQUA,
MERISand at relatively coarse spatial resolution (typically 250 m to 1 km). Knowledge of the distribution
of cetaceans and other marine species was also considered important and aerial surveys or even very hig
resolution (VHR) satellite imagery can providgportunities for locating, identifying and counting
individuals.
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Figure23. EODESM Classification of land covers in the Camargue, southern France. Over 200 classes are
represented with each associated with a detailed description according to tHe ta@@nhomy. These broadly
relate to water (blue), bare ground (brown), urban areas (grey), agriculture (light greens) and natural vegetation
(darker greens).

4.1. Classification of change

A consideration for detecting change is that this can occur at diffdreguencies and affect different
landscapes. A review of the data requests from the protected areas indicated that a wide and diverse
range of information was needed, with some overlap (Fig4eThe requested data were also linked to

the types of infomation that could be obtained from remote sensing data (Figea), with these
including vegetation indices but also thematic and continuous variables that related to bare ground,
vegetation, water, atmosphere, oceans, change regiraed landscape claggiations. Most of the
protected areas were interested in information on elevation andebground but also land cover.
However, in order to address these, earth observation data need to be acquired at different temporal
frequencies and this is illustratad Figure25b. Whilst some datasets were only needed every decade
(e.g., elevation), others were needed on a daily basis, with these including snow cover, cloud cover anc
sea surface temperature).
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Figure24. A summary of specific requests considered in Section 3.1 for each proteetecelated to the
storylines.
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Figure25. Remote sensing products within ECOPOTENTIAL discriminataytbg:number of requests for
different environmentalayers from all protected areas and b) the frequency of earth observation data need
capture these.

A full description of the EODESM change detection module will be provided in Deliverable 4.3 but a
summary is given belovClassifications of land cers are generated for a single period of time (either a

date but more often a year) and then changes are subsequently quantified by comparing class codes bu
also variables on subsequent dates or periods. As such, the EODESM system allows differeat tempo
frequencies of change to be considered as and when they occur and the classification therefore become:
dynamic. For example, the annual hydro period of a wetland may change from 292 to 182 days, which
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translates to a change in class from @Imonths)to B8 (46 months).This is illustrated further in Table

5, which conveys how change can be detected. In the case of A, a change in both the class code (in th
case, leaf type) and also canopy cover (%) provide evidence of, for example, selective.lbgging late

snow fall event might cover a frozen (but temporary) lake but the hyanood is increased to over 3
months.

Table5. An example of the methods used to detect change.

Thematic ~ Continuous LCCS code Component Component Change Biophysical
(Period 1; P1) code (P1) code (P2) change
A Leaf type Canopy  A12.A4.A10.B4.C1.D1.E Ad A3 (A4>A3) (80% >40
(with codes Cover) Trees to %)
1&2) (0100 Shrubs
B  Water State Hydroperiod B28.A1.B4.C1.D2 Al A3 (A1 >A3) <4to46
(1,2,3) (1-365) Water to months
Snow

4.1.3 Causes and consequences of change.

A unique element of the EODESM system is the automated description of change events and processe
and their association with a cause and consequence. Future developments are focusing on providing «
preliminary assessment of impacts on ecosystem servicgslitte future modeling and also identifying
areas with potential for restoration of ecosystems. The concepts and their linkages within the
ECOPOTENTIAL project are outlined in Figure 6.

As illustration, Figur@6 outlines for selected protected areas tmeain storylines and the causes and
consequences of the changes that are the focus of ECOPOTENTIAL. The table also highlights the chan
(to and from) with the EODESM system that are relevant to monitoring and quantifying such changes (in
both thematic chsses and continuous variables) and, of note, is that only a proportion of the changes that
are occurring within the landscape need to be considered. Furthermore, the same classes can be used t
address issues across several of the protected areas.

4.14 Conclusions and further information

The EODESM system is described in Deliverable 4.3, with examples provided for the different protectec
areas. Of note is that the classifications are:

1 Consistent within and between protected areas.

1 Are highly detailecand comprehensive with the level of detail determined by the quality and
diversity of the datasets used as input.

1 The classification of land covers and change can be applied at any scale but a nominal 10 m spati
resolution has been selected as this atignth that of the Sentinel/2 sensors.

1 The temporal dynamics of the landscape can be quantified even if rates and types of change vary
across the landscape.
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However, when detecting change, the capacity of earth observation data to provide information at
appropriate spatial and temporal frequencies needs to be considered.
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Figure26. A diagrammatic representation of the concepts behind the EODESM systeta and
integration within the ECOPOTENTIAL Project.

The software used to implement the EODESM system is open source and provided at no cost (with :
commondicensg. The approach is also user friendly and can be applied to any area globally provided the
input data are available.
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5. Discussion

One of the greatest challenges faced by protected ansmages is to set upimplement andmaintain
longterm repeated measurements of conservation relevant information (8tgphenson et al. 2015)

The identification of EVs is a usefuhywmo prioritize data collection efforts needed for operational and
policy-relevant conservation monitoring systems. It allows to focus resources, identify capacity building
and data needs, and mediate the negotiation process across stakehaldafgingthe relationships and
processes being studied and the relevant resources that are needed to sustain the asseséisents.
setting monitoring priorities across protected areas can provide important comparative information for
conservation managers, partiarly if done across similar sites. With this information, conservation
managers can underpin their needs (e.g. data, resources, capacity building) and comparactbem
protected areas with similar and/or very different objectives and pressures.

The «ercise that was implemented for this deliverable allowed for a higher concretization of the studies
and objectives that were proposed. By doing so, it also contributed to a more general thought process on
what datasets and remote sensing monitoring stigits (see section 4puld support these studies and,
more generally, a broader scope of conservation areas. Although this discussion just started, it already
underlined the need and ability to converge under a common data assimilation strategy aseefirkir
comparability across protected areas, regions and realms. Future work within WP2 will focus on further
develop the ideas here explored and also on including other earth observation approaches-¢gug. in
data collection). WP4 and WP5 already gawportant steps in this direction but further integration is
needed under the current systetmased conceptual approach.

Independently of the advantages of using this approach there are still important bottlenecks related to: i)
how encompassing and ceat the emergingissuesof the narratives areand if a qualitatively diverse
group of stakeholders was involvemhd ii)the scalability and universality (i.e. beyond conservation areas
borders) of the EVs identified during this process and how to endwaea bottomup approach for
conservation monitoring can converge to higher level monitoring systdroenservation areas would be
used to contribute to national and international reporting, these aspects need fortyeerly addressed

in the monitoringdesign stagekEstablishing a concrete group of variables that can be commonly assessed
across conservation goals and across protected areas allows monitoring systems to contribute directly tc
national and iternational monitoring efforts.

At the nationalevel, eplying toand supportingnternational agreements and conservation goals has also

to rely on the conservation efforts from protected areas and on a strong conservation policy that allow
the positive effects of these areas to be spread beyond themders. In order to achieve this, local
conservation goals have to be placed in a msdle context, from local to globalrhis implies the
involvement of a diverse group of stakeholders and the identification of critical conservation goals and,
therefore, essential variables strongly related to these critical conservation goals. The exercise here
implementedwith the use of the ECOPOTENTIAL Storyivassalready a step in this directibat a more
comprehensive study is needed to assess the scalabilit both conservation goals and system
descriptions/variables.

Therefore, aother critical issue is related to the process of supportingottom-up approach for
conservation monitoringhat can converge to higher level monitoring systeidsre we focuse on giving
protected areas the liberty of identifying, describing asallecting their own essential variables. As for
any other bottomup approach, this generated a high diversity of variables considered to be essential by
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each protected area but a syrehis of this exercise (section 3) already showed that some aalties

can be highlighted. Neverthess, it also showethat even if different protected areas can contribute to

a single essential variable, the scope of their contribution may vary @.gpecies abundance one
protected area can be referring to only bird communities, while another can be referring to reptiles).
Without clear guidance on monitoring procedures and transparency, there is the possibility of a complete
mismatch between the da collectedacross protected areaparticularly forbiodiversity and ecosystem
related data.

At the same time, supported by high level guidance on monitoring schesstlishing a concrete set

of essential variablefor a specific conservation go&hsures conservationmanagers a transparent and
comprehensive description and monitoring of that gd&kg by implementinga systembased approach
coherently across conservation areas/goals, patterns in variable selection will emerge and create the
foundations for more broagcale assessments that go beyond the boundaries of specific protected areas
allowing the benefits generated by a monitoringggramto be multiplied across conservation goals,
making management and monitoring more effectiviéhis same approach caalso allow to identify
modelling needs and be a precursor +toavatl hé deode
frameworks that consider several reporting needs at the same timikis requiresinteroperable
monitoring schemes and desigmd concrete guidelines established at higher levels (e.g. national scale),
but at the same time leaving some degrees of freedom for pre@areas to focus on their specific
conservationgoals.

The process of identifying EVs can illustrate data gaps and thematic, temporal and spatial limitations of
the available datasets and could help conservation managers to identify new data neksapfproach

is followed, it is important to assess how these datasets and eventually methodological limitations are
shaping current research and conservation management priorities and options. By focusing on the social
ecological system being managedther than just on the conservation goals, the EV approach will help

to focus managers on empirical evidence and will allow for the conservation priorities to be set solely
based on the outcomes of conservation goals, and not merely on whether proposedsabive been
implemented. By using a remote sensed based approach (section 4), this approach allows protected are
managers to overcome relevant ecosystem and biodiversity data collection and systematization issues
and at the same time will move a steprttoer in implementation of a crosscales and crosscosystem
monitoring framework
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Annex 1¢ List of all variables identified by the different storylines including their descriptions.

. Hardanger Peneda SV.ViSS Sierra Sierra Northen Har Lz_ikes Wadden Danube # of S_torylir_\es
Theme ConnectingGEO EV N N National GPNP Nevada . Kruger Montado Orhid and Camargue Pelagos Reporting this EV
vidda Gerés " Nevada ES | Limestone Hanegev Sea Delta
Park Irrigation Prespa at least once
Flux of
stream
water,
Aquatic ECV: River Discharge runoff and 1
submerged
springs
feeding the
lake
Longterm
increase or
decrease in
salinity
related to
Aquatic ECV: Salinity human 1
interventio
n that
affects the
flora/fauna
of wetland
Volume of
water used Uptake of
Aquatic ECV: Water Use for lake water 2
consumpti for human
on and use
irrigation
Volume of
water
diverted
from
natural
pathways
Aquatic ECV: Water Use and
storages
(river, soil
and
aquifer) by
human
interventio
n
Measures
Aquatic EREV: Ocean bathymetry the dept_h 1
of water in
the ocean
Concentrat
ion of
NO3 organic
. and
concentrati . .
Aquatic WaV: Water Quality onin m(;rggnlc 2
goundwate oxic
Hrunoff elements
or
compound
s
Physical
Aquatic WaV: Water Quality (temperatu
re,
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turbidity,
...) an
chemical
(pH,
dissolved
oxigen,
heavy
metals
chlorophyll

parameters
of lake
water

Carbon

ECV: Carbon Dioxide

CO2 fluxes
from
vegetated
soil (net
flux and
respiration)

Crop

AEV: Crop Type

Different

type of
crops

Estimated
total area
(ha)
occupied
by
different 2
crop types
(irrigated
and non
irrigated)
on a yearly
basis

Disturbanc
e

EBV: Disturbance Regim

Number of
overnight
stays,
hiking path
locations
and
number of
domestic
animals.

Burnt areas
and time
since last

fire

Number of
livestock

Mapped
areas
affected by
wind throw
or bark
beetle
infestation
s

1) Loss in
quality of
reed beds
(for nesting
birds or
harvesting)
due to
inappropri 5
ate water
manageme
nt,
salinization
or
mechanical
damage.

Disturbanc
e
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EBV: Disturbance Regim

2)Estimate
d total area
(ha) of
reed beds
harvested
each year
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Horizontal
(canopy
Ecosystem EBV: Ecosystem cover,
compositio composition by gaps) and
n functional type vertical
forest
structure

Ecosystem Tree
delimitatio species
n under compositio
functional n, height,
traits stem
criteria diameter

Estimated
total area
Ecosystem ton of
A Distributio
delimitatio n = Position submerged
Ecosystem EBVEcosystem Extent n under - and macrophyt
extent and Fragmentation functional - es (=
] extention y
traits foraging
L of .
criteria habitat to
phytoplanc N
ton masses aquatic
birds)

the process
of
transferrin
g moisture
from the
earth to
the
atmospher
e by
EREV: Evaporation and evaporatio
Evapotrasnpiration n of water
and
transpirati
on from
plants. The
same to
the
reference
evaporatio
n provided

Phytoplank

Evap
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by FAO

adjusted
for

wetlands

Habitat
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EBV: Habitat Structure

Tree
species
compositio
n, height,
stem
diameter

Horizontal
structure:
Canopy
cover
metrics:
percentage
canopy
cover;
frequency
distribution
of patch
sizes.
Vertical
structure:
Cover
values of
trees,
shrubs and
herbs in
sampling
quadrats
(ie.,
relative
cover of
vegetation
layers);
Foliage
height
diversity
(i.e. vertical
arrangeme
nt of
vegetation

Presence
and type of
vegetation

and algae

(coastal

and
pelagic)
and
physical
characteris
tics of lake
bottom
(e.g.
presence
and
dimension
of pebble)

Habitat
structure is
defined as

the
compositio
nand
arrangeme
nt of
physical
matter
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Number of
. X Tree
animals in opulation
different pop!
(forest) age
age and sex
) classes structure,
. EBV: Population e.g.
Population every year 2
Structure b frequency
(live Lo
" distribution
animals
of
and .
N diameter
hunting
classes
quota).
Position The spatial
(XY distribution
Population | EBV: Species Distributior] coordinate of ceta‘cean 2
s) of species
individuals across the
during MPA
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ECV: Precipitation

counts

Rainfall
amount
per event
(measured
using rain

gauges)

Amount of
inorganic
carbon
assimilated
by
Productivit EBV: NPP macrophyt
y es from a
volum of
water over
a given
time
period
Biomass total Above
calculated organic Ground
from Chlorophyll energy Woody
Landsat / Nitrogen Seasonal Abovegrou accumulate Biomass
Productivit ECV: Above ground data for species Grass nd trge d by plants (AGB) is 5
y biomass (Normalize rich biomass . per unit the total
N biomass
d meadows production area per dry
difference mapping unit time biomass of
lichen (measured woody
index & as biomass plants
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moisture accumulati above
index). on) 0.5m
height and
is
expressed
in tonnes
per
hectare.
Herbaceou
s biomass
is defined
Productivit ECV: Above ground as weight
y biomass of dry grass
per unit
area
(@m2)
The
concentrati
on of this
. pigment
(tz:ﬁfgu identifies
re, the
turbidity, amount of
Chlorophyll ) an blg ped
/ chemical a s;); ¢
Nitrogen (pH, hotosynth
Productivit EOV: Chiorophyl for_ dlssplved P eticy 2
y species oxigen,
rich heavy phytgplink
meadows metals, ;ir;:] ta: d
mapping chloro;))hyll is a proxy
parameters for .
of lake measuring
water thg net
primary
productivit
y of the
ecosystem.
Global
ECV: Surface radiation radiation
Radiation budget (Atmosphere (above 1
surface) canopy if
forested)
Depth in Height and E;g{hsr;on‘z
Snow ECV: Snow Cover millimeters duration of ! 3
snow cover | SNOW Cover
area
Inorganic
and
Total organic
oganic and carbon in
total soil;
inorganic Amount of Fraction of
Soil ECV: Soil Carbon carbon soil C per soil organic 3
content of unit area matter in
soil at soil
different samples
depths (soil
organic
carbon as

: ECOPOTENTIAL — SC5-16-2014- N.641762

Page 62 of 66



D2.2 EQGdriven Essential WP2 variables

Cofunded by the
European Union

: ECOPOTENTIAL — SC5-16-2014- N.641762

part of soil
organic
matter is
particularly
relevant
for the
Montado
example)
Maximum
fraction of
the total
volume of
Water soil that . .
content of can be VOIU"TH'C 5°'|twattetf
Soil ECV: Soil Moisture soil at occupied mosi:tlure C:rcl::r?aiz 4
different by the content depth
depths water
contained
in it under
saturation
conditions
Physical
(temperatu
re,
turbidity,
..) an
chg]n;lcal The water
Temp ECV: Sea Surface diss_olved t?(liﬁ:ttlg )
Temperature oxigen,
heavy the sea
surface.
metals,
chlorophyll
parameters
of lake
water

Page 63 of 66




D2.2 EQdriven Essential WP2 variables

Cofunded by the
European Union

e for SDMs 15cm of
at 1knf depth)
Presence
and % Relative
cover of number of
plant individuals
species, in each
particularly sex/age
the relative classes 2
cover of (mountain
evergreen ungulates)
vs. from
deciduous summer
tree counts
species
Concentrat
ion of
Nitrogen nitrogen,
content of Amount of phosphoro
soil at soil N per us and 3
different unit area carbon
depths compound
s of lake
water
1
1
Density of
human
activity
(spatially
Chlorophyll / Nitrogen explicit),
OTHER for speciesrich meadows including 1
mapping buildings,
roads, no.
of visitors,
hikers,
skier
Soil
structure is
the
diversity of
landform
elements
such as
rocks and
soils. An
Visual important
description component
of soil of 2
horizon geodiversit
and texture yis
of soil pedodiversi
ty
(Measured
as: rock
cover to
soil cover
ratio,
variability
of soil
depth, soil
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quality
diversity)
The
relative
ability of
an
individual
to survive, N
reproduce
and
propagate
genes inits
environme
nt
Measure of
a soil's
ability to
transmit
water 1
when
submitted
toa
hydraulic
gradient
defined as
a
percentage 1
of the dry
matter (%)
defined as
the one
sided green
leaf area
per ground 1
surface
area
(m2/m2)-
unitless
Itis
Number of )
Number of tourists defltr;ed by
overnight involved in numbeer of
stays different whale
hiking path activities watchin
locations (fishing, g 3
and bird passengers
number of watching F;?]thzzt
domestic etc);
animals. Number of revenues
beds night genergted
by it
Action of
adding
water to an
ecosystem
to 1
compensat
e for
embankme
nt and/or
to improve
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