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1. Introduction

ES assessments have increased in frequency, though the knowledge generated is often centred on economi
valuation and ecological functions (Forster et al., 2015, Abson et al., 2014). Laurans et al. (2013) found that mos
ES economic valuation studies waret actually put to actual use and utilised by decision makers. Though ES
assessments allow benefits and tradfs to be highlighted (Forster et al., 2015). The first wovide ES
assessment was undertaken as the Millennium Ecosystem Assessment (MA,f@l®Bed by an array of
assessments on different scales (Ruckelshaus et al., 2015). In recent years EU Member states have committed
mapping and assessing ES as part of Action 5 under the European Blodlver3|ty Strategy to 2020 (Europec
Commission, 20M0 @ ¢ KS W aaSaavyYSydiQ 2F 9{ NBFSNmR G2 (GKS
information for decision makers (Maes et al., 2018)e development and choice of indicators plays a crucial role
here.

PAs cover approximately 15.4%lafd worldwide (JuffdBignoli et al., 2014), with Aichi Targets aiming to increase
this figure to 17% by 2020 (Convention on Biological Diversity (2010). The Ecosystem Services these areas provi
are immense, for example it has been estimated 312 biltmrs of carbon is stored in indigenous and other
protected land globally (Campbell et al., 2008). Whereas traditionally PA design focused on conserving biodiversity
recent shifts have directed the focus to include ecosystem services (Doak et al., 2@iva kad Marvier, 2012,

Xu et al., 2017), with research showing the ability of PAs to secure biodiversity, ecosystem services and increas
ecosystem resilience (Xu et al., 2017). For example, Vifia and Liu (2017) demonstrate how a network of nature
reserves designed especially for the conservation of the giant panda (Ailuropoda melanoleuca) in China contribute
significantly to carbon sequestration. ES are important for PA managers to consider, and toolkits such as TESS
(Toolkit for Ecosystem Service Sitesed Assessment) (Peh et al., 2013) are suggested for use {specialists by

the IUCN for PA management, with the values and benefits (utilising the ES approach) has been discussed in |
management texts (Worboys et al., 2015).

1.1  Ecosystem service inchtors

Ecosystem services indicators are important to measure the trends and state of ecosystem service delivery; with
recent years seeing a wide indicator base being developed (Vihervaara et al., 2017). Indicators are powerful tool:
to inform and improvehe knowledge base on ecosystems and ecosystem services, which are useful for decision
makers at any spatial scale for basing their decisions on evidence (Layke, 2009) and also at a higher level to respo
to the EU Biodiversity Strategy to 2020 (Maeslet2016). Indicators act to simplify information, allowing pelicy
makers to understand and utilise evidence to make decisions. They have been used in other areas to inform decisio
makers including education and social wading and are often a tool wth policymakes utilise (Layke, 2009).
Ecosystem service indicators are drawn from diverse sources such as visitation numbers from tourist boards or cro
RFGF FNRY | IANROdzZ GdzNF¥ £ OSyadza RIEGEFE® ¢KS aAff &gyAadz
indicators to measure trends in ecosystem services, much less indicators that measure the effect of changes ol
humanwelo SAy 3¢ oa! s HAnpO®

Much work has taken place on the biodiversigfated measures in relation to biophysical ecosystem servigés,

limited research (beyond only economic valuation) on ecosystem services and humdeiwgl{Heink, Hauck, Jax,

& Sukopp, 2016). A systematic review undertaken by Harrison et al. (2014) found that the relationship between
biodiversity attributes andecosystem services were mostly positive, though to support decision making socio
economic factors also needed to be considered. This being said, it has been found that there is a virtual lack of a
ecosystem service indicattyased models in lardse planimg (Cowling et al., 2008). With Protected Areas (PAS)
historically providing conservation of nature, these areas hold a wealth of ES.

For decision makers to be able to use ecosystem service indicators they first have be developed and utilised. T
choosethe appropriate indicator, firstly the question of what to measure must be answered, considering the type
of assessment, target audience, position on the ecosystem service cascade, data availability and the spatial an
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temporal scales (Vihervaara et @Q017). The second question is then how this can be measured, whether it would
be direct measurement through field observations/ experiments/ surveys; indirect measurement through earth
observation, proxies or socieconomic data; or lastly indirect measuanent thought expert based process based

or statistical modelling (Vihervaara et al., 2017).

Much guidance is available in the literature for the identification and development of ecosystem service indicators,
including Feld, Sousa, Da Silva, & DawsonQ2@ho presented an earlier example of an improved ecosystem
ASNIAOSa AYRAOLI  2-RBssunBtareyripactRé&sponse Schefnd, ansl Millléd & Rdrkhard (2012)
who discuss how ecosystem service can be seen as impacts in the DPSIR indicateorkkam

Several ecosystem services frameworks lead to different indicator selection, but this selection needs to be subjec
of quality criteria evaluation to have a widely accepted set of indicators (Heink et al., 2016).

There are several ecosystem seevclassification schemes, including the MA, TEEB, IPBES and CICES (EEA, 20:
HainesYoung, Potschin, & Kienast, 2012). More recently, the MAES framework presented a table with the best
indicators for ecosystem services according to the CICES ES atamsificross different ecosystems (Maes et al.,
2016).

Among others, the weknown ES cascade (Hainésung & Potschin, 2010) presented in the TEEB project has been
used in many studies to select indicators that range from the ecological to theaamiomic, from the supply to
demand indicators (Van Oudenhoven, Petz, Alkemade, Hein, & de Groot, 2012). CICES has been used a:
foundation for the development of ecosystem service indicators (for both supply and demand) (EEA, 2018).
Examples include biophkical indicators being used to measure the suggitie of ecosystem services (Castro et al.,
2014), and soci@conomic valuation indicators that proved to require clear and proper identification of ecosystems
services (Kosenius, Haltia, Horne, KniivildS&astamoinen, 2014). Furthermore, the use of CICES to develop
concrete indicators has been discussed by von Haaren et al. (2014) through the introduction of a-pratiesl
ecosystem services (PRESET) model for landscape planning. Czucz et ab@01Baf from 85 studies utilising
ecosystem service indicators, 440 were identified which covered nearly all CICES classes, with cultural and son
regulating being the most common. The most common individual classes were global climate regulationicaesthe
beauty, recreation, and bicemediation, with 20% being economically quantified.

Spatial and temporal scales are important in indicator selection, as ecological process based on biodiversity art
highly dependent on both time and space (Vihervaara let 2017). Temporal scale can have an impact on
measurement of process that are affected by cycles such as day and night. The importance of spatial scales can |
seen in pollination services, where pollinators usually work only within a few hundred nudteirges; in contrast
carbon storage in tree is seen to work at a global scale (Vihervaara et al., 2017).

In a recent review on the quantification of ES, authors found that ES appear to be poorly quantified in many cases
as often only one side of the aagle is considered (either the ecological or samionomic side), uncertainty and
validation are often not included and there is often an oversimplification of indicators (Boerema, Rebelo, Bodi,
Esler, & Meire, 2016). Whether the design of PAs involveideration of ES or not, they often provide an array of

ES. Hence it becomes important to select an appropriate ES indicator to be able to monitor the provision of these
ES. Although the indicators explored for the different PAs are only applied for thatja provision and not the

actual use of the services, the selection is an effective attempt to develop the first EU wide ecosystem assessmer
based on existing data.

ECOPOTENTIABC516-2014 N.641762 Page 5 of 96
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1.2  Deliverable methodology

A selection of Protected Areas from mountain, coasd amarine, and arid ecosystems were used as case study
areas to investigate a selection of ecosystem indicators and how they can be used to monitor ecosystem service
in PAs. In totatwelve Protected Areas participated in this deliverable, five from moim&reas, two from arid/
semtiarid areas anfive from coastal/ marine areas. The types of ecosystem service are concurrent with the CICES
classification, but the selection of most relevant ESS varies between different PAs. Where possibly, supply, deman
and beneficiaries were defined for each of the ESS. M&mdall tests on time series data for selected indicators
were calculated. Mind maps developed for ecosystem services as a tool to structure the individual approaches
taken by individual PAs were niotcluded in this deliverable, but in Deliverable 7.2. For each individual PA storyline
diagrams have been included from Deliverable 2.2, showing the identified essential variables at the storyline level.
Individual methodologies utilised for each PA haeen explained as appropriate in the Chapter 3.

Recreation was assessed for each of the PAs using images uploaded to the photo sharing site Flickr.com. £
estimated 11% of the 2.6 million géagged photos uploaded Flickr (Levin, Kark, & Crandall, 2@8¥ ,been found
bytocaNBf I §S 6AGK GArairidlidaArAzy NriSa gAGKAY tl!a 6222R
visitation (van Zanten et al., 2016). Bounding boxes for the shapefiles for the protected areas were calculated usin
ArcMap 10.3 (ESRI UK Limited, Aylesbury, UK) and the resulting coordinates used in the Flickr API to extra
frequency of images uploaded each year between 2P0X6. MannKendall tests were utilised to assess any
temporal trends in the data.

ECOPOTENTIABC516-2014 N.641762 Page 6 of 96
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2. Importance of ecogstem services in Protected Areas

Twentyfour Protected Areas and their managers are involved in ECOPOTENTIAL. The Protected Areas a
distributed across mountain (16), arid/sesuiid (5), and coastal and marine ecosystems (7). The discrepancy in the
total is due to Protected Areas representing more than one ecosystem. As part of Deliverable 11.2 information was
collected from questionnaires provided to each Protected Area manager or other relevant staff member (see
Appendix of D.11.2 for questionnaire). ellguestionnaire contained an introduction to ECOPOTENTIAL, an
explanation to the concept of ecosystem services and explanation of the possibilities of Earth Observation. Three
thematic areas were covered by the survey: goals and management of and challacgd by the Protected Areas,

data collection methods and additional known needs and potential collaboration with ECOPOTENTIAL. Nineteen ¢
the Protected Areas patrticipated and responded.

Similarities between the three ecosystem types were clearly chiteD11.2; namely thé& was identified that ES
concept was relatively unknown and only utilised in a few of the PAs. This was ascribed to a lack of legislative nee
for the PAs to utilise the ES approach, with the remit of protecting the ecosystenissahg first, followed by
providing recreational and other cultural services. The recreation and aesthetic value were the main benefits that
were focused on by the PAs. Cultural services ranked higher than provisioning and regulating services, witt
recreation, research, aesthetic qualities and education being in the top five services for all three ecosystem types.
In the following three sulzhapters on ES indicators in the three different ecosystem types, each PA chose their
own indicators; though theseadnot necessarily relate to the importance of the ES itself. Though the cultural service
of recreation has been assessed for all PAs due to its importance as discussed above.

ECOPOTENTIABC516-2014 N.641762 Page 7 of 96
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2.1 Mountain areas

Cultural services are found to be the most important in m@immous regions, followed by regulating, then
provisioning services (F2gl.1). Of the cultural services recreation was the most important, though this was closely
followed by research, aesthetic qualities, and education.

Ecosystem services in mountain protected areas
Perceptions of respondents
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Fig2.1.1: Importance of ecosystem services in protected mountain areas (SdtcopotentiaD11.2)
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2.2 Arid and semiarid areas

Cultural services can be seen as being the most important for arid anebsiehaireas, followed by regulating and
provisioning serices (Fi@.2.1). Of the cultural services recreation/tourism, aesthetics and research and education
were the most important.

Ecosystem services in arid protected areas
Perceptions of respondents
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Figure2.2.1: Importance of ecosystem services in arid protected areas (SobcogiotentiaD11.2).
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2.3 Coastal and Marine

The cultural services of recreation and tourism scored the highest for coastal and marine ecosystem&.@ijure
similarly to mountainous and arid areas. Though the next highest scoring services are fisheries and aestheti
qualities, the education andesearch, thus 80% of the top five ecosystem services are cultural.

Ecosystem services in coastal and marine protected areas
Perceptions of respondents
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Figure2.3.1: Importance of ecosystem services in coastal and marine protected areas (3eeopetentiaD11.2).
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3. Ecosystem service indicators in Protected Areas

A wide arrg of ESindicators vas investigated in the following case studiesveringtwelve PAs. Investigators
working with each PA were tasked with choosing appropriate ES indicators that reflected important aspects from
their storyline within the Ecopotential project. Thacilitate this understanding, the storyline diagrams from
Deliverable 2.2 have been included to allow understanding of how the indicator is reflective of an important ES
within the PA. These ES indicators are presented here as a first step towards mddiedler assessment; these
indicators aredemonstrating how to capture knowledge on individual ES as examples from diverse PAs. A more
complete assessment for each individual PA was outside the scope of this study, as taking examples from many P,
is morereflective of the diverse nature of individually important ES across the PAs.

3.1 Mountains

3.1.1 PenedaGerés (Portugal)

The Penedd&erés National Park covers ca. 70 000 hectares and was founded in 1971. It is located at a climati
transition zone (the lanate is Temperate/Atlantic Seldediterranean), with 12 dry months in summer. The main
ecosystem/land cover types are deciduous oak forests, heathland and scrub, meadows and rock outcrops (ir
highlands), and forest plantations, scrub, urban areas anidwagire (in lowlands)The current state and temporal
evolution of indicators related to supply, demand and beneficiaries of two ecosystem services were evaluated from
a larger selection (Figul.1.1) for Pened&erés National Park; (a) Conservatiografssland habitats (regulation

and maintenance), and (b) Water (provisioning).

[Area of suitable habitat for

Extent of selected Net carbon Water
targeted species habitat types storage supply

ﬁi KR — —— / ﬂ‘A /\
Correlative models — Process-based models

(Species and Habitat - — (SWAT/LPY/

models) ‘ Population dynamics)
A A A A

Population Species Vegetation Net primary Fraction  Annual range Time of Average Average } C_hlorophyll_/ Fi_re Soil properties  Topography
number and diversity strudture productivity ~ cover of LC . of productivity Maximum  monthly / daily monthly/ (_1aJIy Nitrogen ratio regime
size classes (seasonality) ~ Productivity  temperature precipitation

Biodiversity Vegetation Land cover EVI Meteorological TGI/ NIDI/ Burnt
surveys surveys data NDSI areas

Figure3.1.1.1 Diagram representing the storyline developed for the Pen@daés National Park, including the
identification of essential variables and their links to dataurces, models and indicato(Source: Ecopotential
Deliverable 2.2)

Conservation of grassland habitats

Supply

Grasslands with high leved$ plant species richness are of high importance for nature conservation and also for
supply of ecosystem services, in particular for traditional cattle feeding.

Landsat and Sentin@ images were used to produce a tirseries of grassland habitat ma@d®9g7, 2002, 20016)

based on spectral properties of actively managed grasslands. Data on plant diversity collected in the field were uset
to develop a biodiversity model that assigns a predicted value of plant species richness to each mapped grasslan

ECOPOTENTIABC516-2014 N.641762 Page 11 of 96
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Thisapproach allows to discriminate actively (though not intensively) managed, biodiverse grasslands, which are of
KAIKSald O02yaSNBIGAZ2Y LINA2NRGE Ay GKS 9! oyl YSte dzy

The model predicts a fairly wide distribution of grasslandh high levels of species diversity throughout the park,
although medium grassland diversity areas prevail. A strong decrease in total grassland area was observed fror
1987 to 2002, with a marginal recovery until 20E@(re 31.1.2. MannKendal test byixel suggested a negative

(loss of grasslands) and significant trend in 5.3% of grassland pixels (from the total Bemédarea), wit <

0.05. The same test indicated a positive (new grasslands) and significant trend in 2.4% of thichalPea 0.05

Grasslands
5000 -
4500 -
4000 -
3500 -
3000 -

area (ha)

2500 -
2000 -
1500 -
1000 -

500 -

1987 2002 2016
Joining Joining Financial

Eurozone Crisis

Figure3.1.12: Temporal evolution of total grassland cover in Pen€#aés, between 1987 and 2016. Land cover
map based on EODESM system applied to Landsat and Senitinayes (WP4)
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Runoff (mm)
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Figure 3.1.1.3Distribution of Annual Runoff in Pene@erés.Source: CarvalkBantos et al(2014).
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The grasslands species richness model was only able to predict diversity for 2016, as no field information for the
other dates was available. However, it is likely that the decrease in grasslands area since 1987 was followed by
reduction in species divsity and abundance.

Demand and beneficiaries

The conservation of speciegh grasslands is a commitment of the Portuguese government under the EU Habitat
Directive. Thus, demand originates from the National authority for nature conservation, whictdexcto EU
legislation should report on the areas and status of grassland habitats (annex | of the Habitats Directive). In this
regard, the broad European society will benefit from the conservation of grassland habitats in FeeredaAn
additional beneit can be related to fodder production for cattle raising. Local farmers are the main beneficiaries
and source of demand.

Water

Supply

PenedaGerés mountains, where it rains the most in mainland Portugal, are very important suppliers of water.
Runoff can be defined as the water that stays in the system after subtracting evapotranspiration from rainfall. This
is the simple water balance Icalation without considering the differences in water storage (e.g. water in soil).
Figure3.1.1.3displays the distribution of annual runoff by 1km pixel in Per@éaés, using annual precipitation

data (climate normal 195@000 from Worldclim) and thevarage Evapotranspiration product from MODIS (on
board of Aqua and Terra satellites). More details on calculation can be found in Ceaaitus et al. (2014). Pixels

with higher runoff are related with high precipitation inputs and with low evapotramsigin (e.g. bare rock with

low vegetation). These are the areas with the highest contribution to the water supply ecosystem service.

Precipitation is the most appropriate variable to characterize the temporal evolution of water resources in a region,
and its accurate measurement is essential to understand regional hydrological processes and. dydkng
considered an Essential Climate Variable and, in the ECOPOTENTIAL project, an Essential Water Variable (
Deliverable 2.2). Precipitation for Pene@&és was collected from isitu data stations (196Q008).
Unfortunately, in the last years precipitation was not monitored properly in the area isytunstations. To
complement the dataset, the-BBS gridded dataset for Europe (Haylock et al., 2008 usexd and extracted for

the PenedaGerés region (9 pixel of 25km). Annual values seemed underestimate@BSEvhen compared to-in

situ values (Figur8.1.1.4), probably due to the distance to the main weather stations used in #2488 project,

which arenot representative of the high precipitation conditions of Penégierés. Nonetheless, the use cOBS
time-series here is important to evaluate the tendency of precipitation in the last years, for which there are no local
data for PeneddGerés. ManiKendll test suggested a negative, stable and significant trend in both Precipitation
time series (In_situ: S542, tau =0.34, P < 0.05 (0.0001}@BS: S212, tau =0.25, P < 0.05 (0.017)). This slightly
negative trend in annual precipitation amountsveaalso oscillating between wet and more dry years. However,
more important than the tendency of decreasing annual precipitation, is the seasonal tendency of change, i.e. more
precipitation in Autumn and Winter and less during Summer.

EvapotranspirationET) plays a key role in the hydrological cycle. Figure 3.1.1.5 shows Annual ET foiGrasda
that was taken by MOE16 evapotranspiration product from MODIS sensor, 250m pixel resolution, MODIS
collection 6 (http://modis.gsfc.nasa.gov/). Maitendall tessuggested no trend in Evapotranspiration time series
(S=3, tau =0.033, P > 0.05 (0.91281)).
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Annual Precipitation Pened&erés
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Figure 3.1.14: Annual Precipitation in Penedaerés, from irsitu data (9 stations from
http://snirh.apambiente.pt/) and EDBS gridded dataset for Euroft¢aylock et al., 2008).
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Figure 3.1.15: Annual Evapotranspiration in Pene@erés from MODIS sensor on board of Terra and Aqua
Satellites (MOD16 produetttp://modis.gsfc.nasa.goy/

Demand

Agricultural irrigation is the activity that us@sost water. Irrigated areas were identified in the LULC maps for
PenedaGerés and surrounding region based on Landsat images for 1987 and 2002, and -2dnti2€l16, using

the EODESM platform developedder ECOPOTENTIAL (WP4). Irrigated areas are defined as the ones needing
water during Summer months (areas that in April/May appear as bare land, and in July/August appear as green)
Irrigated areas, although not occupying a large extent of land covbeiRA, have increased in 2016, after a decline

in 2002, comparing to 1987 (FiguB&..1.6. This decline in 2002, also visible in the surrounding region (outside the
PA) for 2002 and 2016, is probably due to the abandonment of active farming. The gr@dt6irboth inside and
outside the PA, is probably due to a return to the farming activity following the economic crisis and an increase in
financial incentives for new irrigated crops such as berries.
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The growth in irrigated areas creates an increasedamand for water and therefore a pressure for the water
provision service. A flow of this service can be identified from the PA to downstream &igase(3L.1.7),
suggesting that Penedaerés is important for providing water to regions located downstreamnthe river
catchment, working as water towers that supply water to lowland crop fields.

Irrigated land
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30000 | 4000 O
= 25000 2
£ 20000 - 3000 g
§ 15000 - 2000 ©
< 10000 000 <
5000 . - 1000 g
0 - L 0 <
1987 2002 2016
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Outside PA m Inside PA

Figure3.1.16: Evolution of Irrigated areas in Pene@arés and surrounding areas between 1987 and 2016. Source:
Land cover map based on EODESM system apipliath Sentinel2 images (WP4)
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Figure3.1.1.7: Distribution of Irrigated areas in Peneerés and surrounding region, in 2016. Source: Land cover
map based on EODESM system applied to two Seritimehges (WP4)

Beneficiaries

The directbeneficiaries of water for irrigation are the farmers that depend on water for growing cieigsré
3.1.1.8. The number of farmersasbeen drastically decreasing in the last decades in Pefstés, causing land
abandonment, an important driver of eca@al change. There is only the exception of one civil parish (Tourém)
where the number of farmertasincreased since 1989. Since irrigated area (demand) is increasing in Peneda
Gerés, opposing the decline in the number of farmers, this may suggestdtiatiléure is more concentrated in
fewer farmers, with higher economic profit.
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Figure 31.1.8: Distribution of farmers in Penedaerés by parish, and temporal evolution (198%9). Data source:
INE, Statistics Portugal

Recreation

A Flickr analysis shows that photos uploaded per year have fluctuated, with the highest numbers in 2013 and 201¢
(Figure3.1.1.10, a positive trend is suggested by MaKendall test (S = 25, tau = 0.556, P < 0.05).
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Figure 31.1.10 Changes in photos uphded to Flickr for Penedaerés National Park. Years are filtered by the date
the photo was taken.
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3.1.2 Swiss National Park and Landschaft Davos (Switzerland)

The mountain landscapes of the inner Alps have a high cultural value due to their scenic beauty and habitats o
many charismatic species such as ibex and capercaillie. At the same time, they provide services such as food, timbe
recreation, climate regutéon and protection from natural hazard&rét-Regamey et al. 2008, Huber et al. 2013)
They are managed in different ways, from strict reserves such as the Swiss National Park, to moreotaemisiah

regions such as Davos. Different management objectives and levels of demand affect theffsadetween
ecosystem services. Land abandonment and increased temperatures have a combined effect on the extent anc
distribution of ecosystems, with an upward shift in the tree l(i@ehrigFasel et al. 20079nd densification of
previously grazed forests at high elevatidisilakowski et al. 2011)his change may be beneficial for regulatory
services, with an increase in carbon sequestration and protection against natural hé2ebiet al. 2012)At the

same time landscape heterogeneity is decreagiaglakowski et al. 2011affecting the habitats of many species,

as well as the scenic beaui@rétRegamey et al. 2007, Hunziker et al. 2068)ure 31.2.1 showsthe identified
essential variablegorthe Swiss National Park and the Landschaft of Davos the indicators of (a) biomass production
(grasslands) and, (b) carbon storage, will be highlighted here.

[

Scenic Habitat Protection from Carbon Primary production
beauty distribution natural hazards sequestration (timber and food)

Recreaﬁon]
e S

A
!
\ -
A
Empirical
models

—

Process-
based
models

Habitat
models

Density Ecosystem Ecosystem MNet Primary Snow cover  Topography

S - 5
of use pacies extent structure productivity

co o o o0 o

Visitor counts  Infrastructure Tree species Land cover Canopy Vertical Spectral
classification cover structure information

Figure 31.2.1: Diagram representing the storyline developed for the Swiss National Park and the Landschaft of
Davos, including the identification of essential variables at the storyline(8watce: Ecopotential Deliverable 2.2).

Biomass production (grasslands)

Suppy

The production of biomass is a key ecosystem function underlying a set of ecosystem services in the Alps. Due |
climate change, the productivity of alpine grasslands is expected to incfBerer et al. 2012)A commonly used

proxy for primary productivity is NDVI, and a time series of the index was produced based on LANDSAT images f
20032016 (by UAB). For most of the grassland areas in the SNP and surrounding, the NDVI data ¢@nfirms t
expected positive trend in productivitfFigure 31.2.2. This trend is less pronounced in the region of Dd~Fagire
31.2.3.
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Figure 31.2.2 Mann-Kendall trend (tau) values of Landsat NDVI in the SNP (produced by UAB). Only areas with
significant (p < 0.05) trends are shown. The calculation is based on 7 Landsat images from July and August, 20C

2016.
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Figure 31.2.3 Mann-Kendall trend (tau) values of Landsat NDVI in Davos (produced by UAB). Only areas with
significant (p < 0.05) trends are shown. The calculation is based on 7 Landsat images from July and August, 20C

2016.
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Demand

In the Swiss National Park, biomaseduced in alpine grasslands and scree is fodder for wild animals, including
charismatic species such as ibex, deer, and cha(&aisweiger et al. 2015)n the areas surrounding the Swiss
National Park, the biomass is also used as fodder for domestic animals, mainly for dairy production. Although the
number of farms in the region of Davos and in municipalities surrounding the SNP (Zernez, Scuol,afalndsst
significantly decreased since the 70s, the number of livestock and area of agricultural land have remained more
stable(BFs, 2017)indicating an increase in farm siggure 31.2.4).

Farms Area [ha] Animals

/\\fr/\/ 500
2000

5000 T 3762 Scuol
1007 19007 e 3847 Val Mastair
..... 3851 Davos

Municipality
3746 Zernez

50 10009 =" | 25001

1980 1980 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010
Year
Figure 31.2.4 Trends in agriculture in Davos and the areas surrounding the Swiss National Park (Zernez, Scuol, Vi
Mdstair). Although the number of farms has significantly decreasede the '70s (p < 0.001), the number of
livestock and agricultural area have remained more stable.

Carbon storage

Supply

Mountain ecosystems contribute to climate regulation by storing carbon, and the amount of carbon stored in
forests can be estimateldased on the amount of aboveground biomass (AGBures3.1.2.5and3.1.2.6. Within
Ecopotential, the AGB was derived (by CESBIO) using an empirical model hgkingiomass measurements and

a canopy height model derived from high resolution stemmage matching (Leica ADS) from 2012. On average,
forests in the SNP contained 208 m3/ha (sd = 96 m3/ha) in 2012, corresponding to around 65 tonnes of carbon pe
hectare(Thirig and Schmid 200&)ue to the limited availability of consistent canopy height data in the Swiss Alps,
an assessment of temporal changes in AGB with remote sensing data is currently not possible. However, due to th
ongoing succession from abandoned pastures to forestl@dbsence of harvesting, the amount of forest biomass
and stored carbon is expected to incredBasch et al. 2009both within the National Park and in other areas.
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Figure 31.2.5 Abovegound biomass in the Swiss National Park in 2012, as calculated based on canopy height
(stereo image matching, Leica ADS) ansitin biomass measuremen{Source: By CESBIO for ECOPOTENTIAL).
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Figure 31.2.6 Aboveground biomass in Davos in 2012, asutaied based on canopy height (stereo image
matching, Leica ADS) andsitu biomass measuremen{SourceBy CESBIO for ECOPOTENTIAL

Recreation
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A Flickr analysis shows that photos uploaded per year declined between 2007 and 2008, then steadily increase
until 2015 before dropping in 201&igure 31.2.7), a positive trend is suggested by MaKkendall test (S = 23, tau
=0.511, P <0.05).
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Figure 31.2.7: Changes in photos uploaded to Flickr for 8wiss National Park and the Landschaft of Da¥ears
are filtered by the date the photo was taken.

ECOPOTENTIABCS16-2014 N.641762 Page 22 of 96



Cofunded by the

D7.1 Assessment of status aedblution of ecosystem service indicators European Union

3.1.3 Gran Paradiso National Park (Italy)

The Gran Paradiso National Park (GPNP), established in 1922, is the oldest National Park in Italy. It is characteriz
by the presence of significant glaciensd highaltitude environments, and hosts the original surviving population

of Alpine ibexCapra ibe) as well as other mountain ungulates such as Alpine chaRofscapra rupicapiaLarge
mountain ungulates rely on higdlevation meadows to forage dimg springsummer (Darmon et al. 2012).
Mountain grasslands, however, are semaitural habitats, whose appearance partly derive from agro/pastoral
activities. The progressive abandonment of management practices such as mowing and grazing fedevaigh
mountain areas causes modifications to grassland that can affect its forage value for mountain wild herbivores
(Parolo et al. 2011) eventually leading to tree encroachment. Abandonment of traditional land management may
also affect the net ecosystem C@@d CH4 exchange (Imer et al., 2013). Climate change is another risk factor for
mountain grassland and its role of sustenance for large herbivores. In the next decades, a strong decline (or loce
extinction) of specialized montane plant species can be eeple particularly if joint effects of climate and land use
changes are considered (Dirnbéck et al. 2003). Figure 3.1.3.1 shows the identified essential variables, for Gra
Paradiso National Park the indicators of (a) grassland extent and, (b) grassldndtjwity will be explored.

Population Kid Habitat Land use/ Changes in grass phenology Grassland Spatial-temporal
trends surviva] suitability cover change and nutritional properties productivity dist. of <clarb
I’ ~ I, ~ I, \/ ) \/

! I}

) 7 /\ } ‘( /1\ IR
Populallon Spatial distribution LCM Multivariate Carbon/energy
dynamics models correlation dynamics model

models / models
A

Pop. Topography  Ecosystem Temperature Phenology
distribution extent Precipitation
Snow cover

analysis

AN Ny S

Net primary CcOo2 Nutrient Soil carbon  Soil structure Soil
productivity retention moisture/
temperature

Pop.

abundance structure

Mountain Land  Weather  Gridded NDVI Grass CO2 and Soilproy | e
ungulates cover  stations climate data samples water
counts pbuxes

Figure 3.1.3.1Diagram representing the storyline developed for the Gran Paradiso National Park, including the
identification of essential variables at the storyline level (Source: Ecopotential Deliverable 2.2).

Ecosystenextent (grasslands)

Supply ¢ Grasslands, including arid and termophilous grasslands, mountain grasslanddpiaeband alpine
acidophilous and calcicolous grasslands, constitute more than 30% of the Park area, as calculated from a 200
habitat map (Fig3.1.3.2). Higher percentages of grasslands can be found in the Piedmont valleys (Orco and Soana
and in the elevation interval 1750750 m a.s.l. (Fig. 3.1.3.3).
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Figure 3.1.3.2Grassland extent in the Gran Paradiso National Park.
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Figure 3.1.3.3Digtal elevation model and valleys of the Gran Paradiso National Park.

IIACNR estimated changes 21 mc 0 FNRY (-KS yDldzAEf cENEXAf | yYR&E
considering as time The layer "(Sem) Natural Grasslands " from COPERNICUS&éayer dated 2012 at 20
meters spatial resolution (almost 312 Ryand as time Ta SentineRA image dated 13 August 2016, using 9
multispectral bands from Visible, Near and Short Wave Infrared resampled at 20 meters spatial resolution. For the
detection of changes, the Cross Correlation Analysis (CCA) algorithm, developed by (Koeln and Bissonette, 200(
which demands a land cover map at timeaiid only a single multispectral image at timewas considered.

The change map obtained as output was shdwelow (Fig. 3.1.3.4).
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Figure 3.1.3.4Change map in (serpinatural grassland extent in the Gran Paradiso National Park in the period
20122016, as estimated by the CCA algorithm.

From the quantitative estimation of changes, nearly 252kvh (semi) natural grasslands result changed
corresponding to about 14% of (sejnnatural grasslands occurred at timeiif the GPNP area. Most important
changes occurred in Piedmont valleys (Tab. 3.1.3.1).

Table 3.1.3.1Changes in (sem)inatural grasland in Gran Paradiso National Park and relative valleys.

%Changed area
Changed area (kfn (referred to grasslands at time)T

GPNP 24.66 13.85
Val di Rhemes 1.27 11.93
Valsavarenche 5.04 12.02
Val di Cogne  3.65 10.71
Val Soana 4.85 15.43
Valle Orco 9.90 16.29

The distribution of changes differs at different elevation ranges resulting in a maximum in the range from 2237 to
2737 meters a.s.l., indicating that grasslands between theadpine and alpine zones were the habitats most
subject to change. This range is exactly where the actual treeline lies, and where the major changes are expectec
due both to climate change (that lead to an upward shift of the treeline) and abandonment ofpagtoral
activities (that lead to the tre@ncroachment of higlaltitude meadows. Figure 3.1.3.5 shows changes trend versus
elevation.
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Figure 3.1.3.5Changes in (serninatural grasslands (%), referred to grasslands at timeatTdifferent elevation
intervals, in the Gran Paradiso National Park.

Some example of meaningful changes due to trees encroachment, mountain trail and outcrop of rocks are shown
in Figure 3.1.3.6.

-

(c)

Figure 3.1.3.6. Cloag windows for example of changes in an area totally covered by {seatural grasslands at
time T1 to: (a) trees encroachment, (b) a mountain trail and (c) outcrop of rocks.
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For each example, on the left a patch from an ortophdimted 2016, whereas on the right a patch from the change
map was shown.

Demandg Grasslands provide forage for livestock (which decreased in the area in the last years) as well as for wilc
ungulates. As an example, chamois population in the period-200@Q remained fairly stable (Marendall test,
Tau=0.18, p=0.39). Stability was also found in the individual valleys, except for Rhemes where a significant decreas
was detected (Taud.49, p=0.20).

Beneficiaries; While traditional land management is deasing, sustainable tourism, associated with the presence
of populations of wild ungulates and traditional landscape, increased in recent years, as also confirmed by the
number of pictures taken in the area (see Recreation).

Grassland productivity

Suppl ¢ Grassland productivitilas a great importance for grazing and other grassland agricultural production, as
well as for the sustenance or wild herbivores. Productivity is regulated by both temperature and the amount and
timing of precipitation, as wellsaby management regime.

A proxy of gross primary production (GSIVI) can be derived from the integral of the vegetation index (NDVI) betweer
start (greenup) and end date (senescence) of the vegetation growing season. UFZ generated the GSIVI values ft
Gran Paradiso from 2002 to 2016 by use of thpdekage "phenex" (https://cranproject.org/package=phenex).

This product was generated by modelling the phenological curve from MODIS aqua and terra data with two
different methods: double logistic functiort find linear. Greefup and senescence days were obtained both with

a local and a global threshold. We selected the MODIS terra product calculated through double logistic method
with the local treshold (LT=0.65).

Higher GSIVI values are associated to lastevations in the GPNP, as showrrigure 31.3.6for the year 2016.

Trend analysis of GSIVI value in the period 2805 revealed that gross primary production mostly increased in
recent years (MamiKendall test, tau values significant at p<0.6%an=0.39, SD=0.25). As expected, grassland
productivity virtually increased in all significant pixels (Figure 3.1.3.7).

GSIVI 2016

Value
we High : 287.245

B ow:0.156239

Figure 31.3.6: Map of a proxy of gross primary production (GSIVI) in the 2016 vegetative season in the Gran
Paradiso National park.
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Figure 31.3.7:Tau values of trend in GSIVI values in the period 22005 in the Gran Paradiso National park. Only
significant values at p<0.05 are shown. Grassland areas are shown in gray.

Demandc A higher grassland biomass could theoreticallypsupa higher number of livestock/wild herbivores in

the area, nevertheless a higher content in fiber could lower the quality of forage (see Ranghetti et al. 2016 for an
example of estimation of nutritional properties from MODIS data). This can affectiticydar ungulate
demographic parameters that rely on higliality forage, such as fertility and juvenile survival. As an example,
despite the stability of chamois population in the period 22012 (see above), the weaning success (kid/female
ratio) in the same period decreased (Ma#®endall test, Taud.41, p=0.05).

Recreation

A Flickr analysis shows that photos uploaded per year have increased until 2013, before dropping in 2015, an
recovering slightly in 2016&{gure 31.3.8), a positive trend is sggsted by Man#endall test (S = 33, tau = 0.733,
P <0.01).
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Figure 31.3.8:Changes in photos uploaded to Flickr for Gran Paradiso National Park. Years are filtered by the date
the photo was taken.
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3.14 Lakes Orhid and Prespa (Macedonia)

Lake Ohrid and Lake Prespa, located in s@atstern Europe between Albania, Macedonia and Greece are two
lakes of high local, regional and international significance because of their geological, cultural and biological
uniqgueness. Lake Ohrid is one of tfeev ancient lakes in the world that is continuously providing freshwater
habitats for more than one millions years. Lake Ohrid is a habitat for approxim&28ly known species with more

than 200 endemic species and has probably the highest endemic \ardllospecies density in the world (i.e.,
approx. 1200 species/358 km?), making it one of the biodiversity centers in the present day Europe (cf. Neubauer
et al, 2015). With about 30 endemic species, the endemic biodiversity of Lake Prespa is much lower than that of
Lake OhridFor this report (a) Maintenance of physical, chemical, biological conditions to ensure favorable living
conditions for biota, and (b) Phigal and intellectual interactions with biota, ecosystems, and-eakcapes, will

be investigated.

Maintenance of physical, chemical, biological conditions

Maintenance of physical, chemical and biological conditiorsnsure favorable living conditisrfor biota is one

of the regulatory services provided by freshwater ecosystems. Benefits of biological water purification of lakes
range from savings compared to the costs of water treatment facilities, via eutrophication reduction and removal
of harmfulpathogens to an increased recreation value. Quality of water is mostly described by the chlesophyll
concentration (Chh), total suspended matter (TSM), transparency and nitrogen and phosphorus loading. In
particular, being closely related to nutrient @lability, Chia is commonly used as a phytoplankton proxy within
trophic state assessments and studies of algal phenology and blooms.

Maintenance of physical, chemical, biological conditiaagegulatory ecosystem service is considered here in a
broadsense, i.e. as the capacity of lake ecosystems for the reduction of pollutants, and thus eutrophication control
within a given time period (cf. Taguchia and Nakata, 2009; Burldtad 2012). As outlined above, phosphorus is

the limiting nutrient and tle main cause of eutrophication in Lake OHrigtspa region. Given the dynamics of the
phosphorus cycle, the capacity of the lakes to provide eutrophication control depends on the interactions between
GKS f11SQa LKe&aAOlfsx OREYakeOdoriditidns/cin bé eitigef d2saribed by the GaayoR A
the models of the related processdsdure 31.41)

State andthe temporal evolution in the maintenance of physical, chemical and biological conditions

rd t \ rt \ s ‘
{ J: """"""""" "‘ r& e ;‘
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Figure 31.4.1: Simplified view of the maintenance of physical, chemical and biological conditions

Supported within-situ data, multispectral E@ata enable estimation of the water quality parameters and thus the
water purification service. In particular, water quality parameters can be derived from sensors like MODIS (Aqua,
Terra), Landsat (TM, OLI, ETM), Hyperion and MBERI®) MODIBqua observations Sht al. (2017) developed
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and validated an empirical model for estimating-@lgoncentrations in Lake Taihu (China) and quantified responses
of cyanobacterial dynamics to nutrient enrichment and climatic conditions. 8lnilGiardincet al. (2012) used
Hyperion to assess the water quality in Lake Garda (Italy) by means of tHaecGhtentrations and noalgal
particles of the suspended matter. In general, studies of the sgatigporal dynamics of the total suspended
matter were mostly based on either MERIS or Landsat data (e.g. Zhahg2014; Zhenegt al,, 2015).

Here, we combineth-situobservations and E@ased data products describing chemical and physical water quality
parameters and the hydrological watbalance data. In particulam-situ chemical and physical water quality data
for Lake Ohrid consisted of measurements of concentrations ofGitbm 2000 to 2011), total phosphorus
concentrations and water temperature (from 2000 to 2002, from 2008 to 2010 and from 2013 to 2014).
Hydrologcal waterbalance data included annual outflow of the Crni Drim River from 20024, daily air
temperature and daily precipitation sums from 2000 to 2002 and from 2008 to 20%@udata for the Lake Prespa
included measurements of concentrations ofl-@htotal phosphorus concentrations and water temperature for
several sampling days from 2013 to 2015. These data were provided by the Hydrobiological Institute Ohrid (HIO)
EObased data products included daily time series & @ays resolution from Jaary 2000 to April 2010 of Lake
hKNARQa | YR [alaldSSM (NBvaedibWthe Plyri{duth Marine Laboratory) and the surface water
temperature derived within the Artake project (publicly available Vigp://www.laketemp.net/).

Supply Ecosystem services supply, hatee capacity of lake ecosystems to provide eutrophication control within

a given time period, is reflected in the chemical condition of freshwater as estimatiegsity and EGdata within
aperiod from 2000 to 2015 (note, some data were available only within a subset of this period). To assess if there
is a monotonic upward or downward trend of the variable of interest over time, the M&@mdall test is used as
AYLX SYSY (ISR AWSYIRGIS tvé foAaoNISNBR S Hnmp 0O d ¢ KS NBadzZ (a
shown inFigure 31.4.2

Hydrology The outflow from the Lake Ohrid was highest in 2010 (33.8%)rhowever, no significant trend in the
outflow time series was detected lifie MannKendall test (pralue of 0.59). No data on outflow or evaporation
were available.

Meteorology Based on the climate station data from 2000 to 2010, the mean annual air temperature is
approximately constant (12°C) and manifests pronounced annug gyith the lowest temperatures in January
(about 1.9°C) and highest in August (22.2°C). Between 2000 and 2002, and 2008 and 2010 the annual precipitatic
sum varied between 538 (2001) and 1145mm (2010). Overall, precipitation is lowest in August asd imgh
December. Due to insufficient data, Ma#tendall trend test could not be applied.

Land coverBased on the Corine Land Cover maps (CLC) from the years 2000, 2006 and 2012 provided by th
European Environmental Agency (EEA), we identified the chavitieés the OhridPrespa region for the following

land cover categories: 1) urban, 2) industrial, 3) agriculture, 4) pastures, 5) forest, 6) wetlands and water bodies. Tt
include the effects of the neighboring settlements, OHeigkspa region was defined dhe lakes itself and the
adjacent hydrological catchments with the total area of 38Yha.
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Figure 31.4.2: Land cover change from 2000 to 2006

The most prominent changes from 2000 to 2006 are urbanization, manifested as an increase in the area undel
urbanrelated artificial surface by 21%, a decrease in the industrial areas by 30% and a decrease in pastures by 18¢
From 2006 to 2012, there were only marginal changes in the land cover, such as the decrease in the area under ro
crops by 0.1% (i.e.,0ha). In summary, the major land cover change in the @nédpa region is urbanization.

Water qualitychemical parametersin summer 2013, the Chl concentration in the pelagic zone of Lake Ohrid
varied between 0.08 BEig/l at 150 m depth and 2.83 BEig/l at 20 m depth, while the near surface &htoncentrations

in the littoral zone were highest at the station Lin on the Albanian side (1.92 Big/l ). In contrast to Lake Ohrid, Chl-a
concentrations in the surface layer of Lake Prespa are generally highgumrathan in spring (e.g. at Gollomboc
station, Albania, Ck concentration in September 2013 was 5.116 Big/l and in April 2014 1.412 Big/I (GIZ, 2015)).
The total phosphorus concentrations of Lake Ohrid are generally below 10 Big/l, and between 20BRg/l and 30 Bg/I

for the Lake Prespa, however, increase in the TP concentrations are observed for botlekés.insufficient
length of the annual time series Maxfendall test could not be applied to-situ observations of Ck and TP.

EGbased data on Cla and the total suspended matter were available for some of the lake area pixels. To maximize
the gain from the E@ata, we derived pixel mean values of the 2km area aroundrtsé&u sampling sites and the
mean for all available lake pixels. To accowonttiie seasonal character in the water quality, we focus on the April
and August values. As witlrsitudata, results of the ManKendall test indicate spatial patterns in the water quality
parameters. While for most stations/months, the Ma#endall testsuggested absence of the statistically
significant trend, significaribcreasdan the TSM of the Lake Prespa was detected for the station SP 2 Near the Island
(p-value 0.032) and for the station Ezerani 2/gbue 0.032). For Lake Ohrid, only for the istatKalishta, significant

TSM increase was detected{plue 0.035). In contrast, for both, April and Augusta&thlues for the Lake Ohrid
manifest either negative, or no trendrigure 31.1.3). EGbased Chh values for the Lake Prespa suggest no
signifcant trends Figure 31.1.3).
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Figure 31.1.3: P-values for the ManfKendall trend test for EQased August Cla values from 2002 2011. All
trends with pvalues<0.2 were negative.

Water quality-physical parameterg:ollowing the patterns in the air temperatures, mean monthly pelagic surface
water temperature of the Lakes Ohrid and Prespa is lowest in January (approx. 7.6°C for Ohrid and 5.8°C for Presy
and highest in August (approx. 23.4°C for Ohrid and 25.29dspa). Near lake bottom the temperature of Ohrid
[F1S A& lFo2dzi codmc/ oO6F0G wnnYO 6KAES (G4KS YSIYy Y2yikK
fF@8SNE G on Y 060S06SSYy poyc/ Ay W ydzZl NBf the gnRualimed H ¢ /
series ManrKendall test could not be applied bo-situ observations of water temperature. Satellite based water
temperature series were available from 2000 to 2011 for both lakes. Based on the mean annual values, no
significant trendover the investigated period was detected by the Mafendall test (pralue for Ohrid 0.11 and

for Prespa 0.63).

Biodiversityh S NFAAKAYy 3 O2dzLf SR gAGK aLISOASa AYUNRBRAOGAZ2Y
Ohrid trout Salmo letnicaand belvica $almo ohridanp (Kostoski et al, 2010). Furthermore, alteration of the
unique macrophyte communities of Lake Ohrid due to shoreline manipulations and nutrient enrichment (cf.

Schneideet al,, 2014; Kostoski et al, 2010) and health impactgadtution on the endangered Ohrid trout species
(cf. Jordanovat al., 2016) are a serious warning signal of the progressing ecosystem degradation.

Based on the results of Schneidsgral. (2014), the abundance of the benthic algdophora spover theperiod
FNRBY Hnnd G2 Hamm O2NNBt ISR LIRaAGAGBSt & & A-do&dingat G S N.
local scales may be an important driver@fdophorad A 2 Y| 8 4¢€ ® CdzZNIKSNXY2NBX GKS |
et al. (2014) suggesté | ¥ ® &lightly eutrophic littoral ecosystem where nutrient supply is incorporated into
macrophyte and benthic algae biomass, and transferred through the food web from benthic algae to grazers, and
FNRY YIONRLKe&GSa (G2 AKNBRRSNHE FyR 3IFiKSNBNHEE O
Demandand Beneficiaries The demand refers here to the direct use/consumption, since no data on the desires
were available. Overall, due to increased urbanization and thus, the number of inhabitants, touristic facilities and
tourists combined with decreased aguiture and industry (see section Land Cover), the demand for the service
AYFAYGSylryO0S 2F LKeaAOlts OKSYAOIFItX o6A2f23AO0!If 02
(population, tourists, industry and irrigation), irrigation accounts fag thghest demand portion. Specifically, it is
estimated that by 2020, 1805ha of arable land will be irrigated, resulting in approximately 72% of the total
demand (12432 10m3, Table3.1.41; source GIZ, 2015). Given the declining trend in the proportion of agricultural
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flyR dzas8S 0aSS {SOilA2y [lFYR dzaSuvz GKS (1S& RSYIYR a
following the urbanization trends and the increased awarenes®€osystem pollution, also in context of the EU
Water Framework Directive (WFD) with respect to measures of safeguard water quality (Directive 2000/60/EC), the
demand between both beneficiary types, inhabitants and tourists is continuously increasing.

Region Population Tourists Industry Irrigation Total

Ohrid-Struga 17 837 6791 5740 58480 88848
Prespa 2 336 924 1435 30889 35584
Total 20173 7715 7175 89369 124432

Table3.1.4.1: Estimated water demand in the Oh#Rrespa region by 2020 &6°). The data are based on the
values published in the GIZ report (2015)

Physical and intellectual interactions with biota, ecosystems, and lesghscapes

Physical and intellectual interactions with biota, ecosystems, anddaadcapes is one of thaultural services
provided by ecosystems. Within the analysis provided here, the focus is on the perception of ecosystems in the
scientificR2 YF Ay ® Ly LI NLGAOdz F NE GKS /L/9{ OfFraa a{OASYI
lake ecsystems to stimulate scientific research for a given time period.

lyrfteara 2F GKS /L/9{ Oftlaa a{OASYiGAFAOE Aa o0l aSR
(WoS, http://ipscience.thomsonreuters.com/product/welof-science}, Google Scholar (GS,
https://scholar.google.de) and Bielefeld Academic Search Engine (Beg®s:// www.basesearch.net).

Supply Ecosystem services supply is viewed here as the capacity of Lake Ohrid and Lake Prespa ecosystems
stimulate scientific research. Over the past decade, there is growing scientific interest in theP@dgjh Region.

High biodiversity, in particular gin degree of endemism, and poorly studied biogeographical history open
numerous questions with regards to the past and the potential future dynamics of hydrological, climatic and
ecological changes. For example, as outlined by Albrecht and Wilke (260®)loljic and biotic history of the
actual lake are still insufficiently explored. In addition, some biotic groups such as Diatoms have been well studied
some such aRkhizopodaare poorly studied or not studied at all (cf. Albrecht and Wilke, 2008). Meilfgctors
including habitat destruction, pollution, invasive species, and climate change are threatening the biodiversity of the
Lake OhriePrespa region, with increased international attention in course of the WFD implementation and the
GhKRBsBa Tidao2dzy Rl NBE . A2aLKSNBEE RSOtEINIYGA2Y AY HAmMNDO®
seems to be boundless.

Demand & BeneficiariesThe demand refers here to inquisitiveness, knowledge dissemination, risk reduction, risk
prevention or similar. As sh, the demand is strongly related to the scientific output in terms of both, published
AOASYUATFAO tAGSNY Gdz2NBE yR GKS NBfFUGSR OAGIGA2YEAD ¢ F
indicate increasing tendency irrespectivetibé analyzed databaseBiQure 31.44a). The latter is also manifested

in the pvalue of the ManKendall test that was always below 0.001. Literature and the citation counts within the
WoS core selection restricted to science categories listed in Bahk2 (i.e., mainly natural and environmental
sciences) also indicate increasing tenderkigire 31.44b). Referring to the Manendall test, increasing trend

is statistically significant for literature countsyplue of 0.0004), and marginally siggant for citations (pvalue of

0.058). We remind here that the articles published in recent years, that is, between 2012 and 2015, have not yet
reached the full scope of their dissemination potential, suggesting likely increase in the citation cahetai@xt

years.

The temporal distribution of the beneficiaries was analysed based on the WoS literature counts across the different
scientific categories and time periods (2608, 200610, 201115). We remind that the majority of the scientific
literature nowadays has interdisciplinary character, with an implication that one research work is commonly
Ot FaaATASR Ay &aSOSNIf RAAOALX AySa o022{ dzaSa 0KS 4S
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time period, the majority of the indexeliterature is a contribution to one of the following science categories:
Biology, Ecology, Fisheries, Plant sciences, Limnology or Zoology3Iab®). Among the considered science
categories, scientific questions from Biochemistry, Biotechnology, Genetics Hematology, Toxicology appear to be
least studied. In addition, with the exception of the latter categories, the scientific interest and thus the

bSYSTAOAIFNASAQ RAAGNRAOAzIAZ2Y T YIyATFTSad 2yfte atAakKa C
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Figure 3.1.4.4indexed literature counts: a) Number of indexed literature in the Google Scholar, base and WoS for
0KS (2LAO dahKNARE 0SG6SSY HAnAnreland e nelated gifhtiords in thg AaYSo S N
O2NB 02ttt SOGA2y F2NJ GKS (G2LAO3MARKNARE YR 22{ OFGS.

Table 3.1.4.2The relative and the absolute number indexed literature in the WoS core collection for the topic
dh KNARé LIsdNJategdries ahdlim&igtervals

WoS Science Categories 2001-2005 20062010 20112015
Chemistry, Geography, Applied Phys 0 0 o
Applied Mathematics 7:1% (1) 4.5% (5) 11.1%(9)
Biochemistry, Bllotechnology, Geneti 21.4% (2) 8.9% (10) 0.0% (0)
Hematology, Toxicology

Environmental Sciences, Geoscienc

Atmospheric Sciences, Water Resourc 14.3% (3) 33.0% (37) 27.2% (22)
Multidisciplinary Sciences

Biology, Ecology, Fisheries, Plant scien 57.1% (8) 53.6% (60)  61.7% (50)

Limnology, Zoology

Recreation

AFlickr analysis shows that photos uploaded per year have generally increased ishtib2fbre droppingKigure
3.1.45), a positive trend is suggested by MaKandall test (S = 33, tau = 0.733, P < 0.01).
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Figure 31.45: Changes in photos uploaded to Flickr for Lakes Orhid and Prespa. Years arebijitdrediate the
photo was taken
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3.1.5 Sierra Nevada (Spain)

Sierra Nevada (Andalusia, SE Spain), is a mountainous region covering more than’20@0&maltitudinal range

of between 860 m and 3482 m a.s.l. The climate is Mediterranean, characterized by cold winters and hot summers
with pronounced summer drought (Juugust). The annual exage temperature decreases in altitude fromgl2

16°C belav 1500 m to 0°C above 3000 m a.s.l., and the annual average precipitation is about 60theierra
Nevada mountain range hosts a high number of endemic plant species (c. 80; Lorite et al., 2007) for a total of 2,10
species of vascular plants, beingisaered one of the most important biodiversity hotspots in the Mediterranean
region (Blanca et al., 1998)his mountain area harbours 27 habitat types from the Habitat Directive. Sierra Nevada
protected area contains at least 78 animal species and 18 pfsecies listed in the Annex Il and/or in the Annex IV

of Habitat Directive or Annex | or Annex Il of Bird Directive. It is thus considered one of the most important
biodiversity hotspots in the Mediterranean region (Blanca 1996, Blanca et al. 1998|aSagial. 2014).

Figure 31.5.1enables the reconstruction of the time course of a number of socioeconomic variables intimately
related to the demand of ecosystem services. Their description and analysis will help improve the way in which the
natural reources are managed in a context of global change. From the reforestation undertaken by the Catholic
Monarchs in 1571 after the expulsion of the Moors, a sustained reforestation was pursued, reaching a maximum
at the end of the 19th century. From this timmn, the number of inhabitants were maintained with certain
fluctuations until the 1960s. Since then, coinciding with the crisis of the Spanish mountain, the population of Sierra
Nevada began a sharp descent. The date of the onset of the demographic dmdlingles with the pronounced

drop in livestock and beekeeping. This trend has continued to the present. The abandoned fields have been
colonized by natural formations of vegetation, with an expansion in the forest surface area from the middle of the
20th century to the present. The above trends are reflected also in economic indicators by sectors: The primary
sector was drastically reduced. While the rest of the province underwent this retraction in terms of the secondary
and tertiary sectors, in the casd Sierra Nevada it was more related to emigration away from Granada (to northern
Spain and abroad).
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Figure 31.5.1: Temporal evolution of socioeconomic variables from 1568 to the present.

Figures3.1.5.2 and 3.1.5.3 show the identified essential variables for Sierra Nevasligh (a) agriculture and
livestock, and (b) hydrology being considered here.

Temporal and spatial Phenology NPP . Habitat
Lo Tree size R Tree growth
water availability trends trends distribution
i \’ N " i Y
Hydrological Time-series LIDAR GIS analysis Tree ring
modeling (WiMMed) analysis classiycation analysis
i methods
Water Water _Energy  Topography Precipitation Ecosystem Ecosystem Ecosystem Individual vy
management  distribution '\ = distribution distribution  composition by structure extent
functional types / \
Water Wat er p o vsotopic Precipitation Vegetation Forest LIDAR Land cover Dendrochronology
management channels and samples indexes inventories surveys

practices rivers

Figure 31.5.2 Diagram representing the storyline developed for Sierra Nevada (ancient irrigation channels),
includng the identification of essential variables at the storyline lef@burce: Ecopotential Deliverable 2.2).

Regulating Provisioning Ecosystem Ecosystem Services
services trends

services trend Services Bundles Trade-offs and synergies

’/ \\ - ,/ \\
) - /' - /l
'{/ 2 e :
Hydrological GIS and database ivari
‘modeling (WiMMed) analysis
A A A \ 7‘ A

Precipitation Temperature Hydraulic Saturated Land use Ecosystem Crops area Livestock

distribution distribution conductivit volumetric structure
water
content
Precipitation Temperature Soil Land cover Agricultural Management
characteristics practices practices

Figure 31.5.3 Diagram representing the storyline developed for Sierra Nevada (temporal evolution of ecosystem
services), including the idenitation of essential variables at the storyline ley8lource: Ecopotential Deliverable
2.2).

Ecosystem services

The main purpose of this study is to facilitate the management of PAs based on ecosystem services (ES). TF
requires an of the evolution of ecosystem services in the past. This knowledge will allow as to develop future
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scenarios. Tradeffs analysis wilhelp managers to predict the state of ecosystem services and their relations in
the future, based on changes in environmental and management conditions.

Provisioning services have been quantified by the production of agricultural products and livestheklast
decades by the rural economy. Regulating services have been evaluated using WiMMed model (Herrero et al.
2009). WiMMed (Watershed Integrated Model in Mediterranean Environments) is a phybasdlg, fully
distributed hydrological model. Cultai services has been assessed through aesthetic value ind{&atoirpke et

al, 2016) The natural spatial unit that we used in the valuation of all ecosystem services were the water basins
presented in Sierra Nevada (a total of 3e main tools usetd assess land use scenarios ES Bundles and ES trade
offs are: bayesian belief network, GIS analysis, database queries, regression and multivariate models.

Provisioning servicesagriculture and livestock

Supply

For provisioning services, we quantified gmeduction of the variety of agricultural and livestock in the last decades

by the rural economy. Furthermore, we assessed the amount of ground water recharged as a proxy of ground watel
provision.To quantify the agricultural production, we mapped theas of the different type of crops along time

in some milestones (1956, 1977, 1984, 1999, 2007). Then, we obtained from official statistics the harvest yield o
the variety of crops in both agricultural systems: rB@d and irrigated practices. Agriculalrproduction was
measured in kilograms of products by basin.
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Figure 31.5.4 Evolution of cultivated crops (provisioning ES) in Sierra Nevada in the past.
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Figure 31.5.5 Evolution of pastures in has. (provisioning ES) in Sierra Nevada in the past.

The agricultural production analysis shows that crops have generally decreased until 1956 (Figure 3.1.5.4),
negative trend is suggested by MaKendall test (S =8, tau =-0.8, 2sidedP = 0.086). In order to estimate
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the potential livestock along theéme period, we evaluated the evolution of areas of pastures used by the
cattle. The units were hectares (has.) of pastures available for cattle by basin.

The livestock analysis shows that pastures have decreased until 1956 (EigE®, a negative tred is
suggested by ManKendall test (S =10, tau =-1, 2sidedP = 0.027)The ground water provision in Sierra
Nevada is highly related with the available water for drinking and cropping Helewation places in summer
periods. This service depends atot of factors (including the distribution of the ecosystems and the land use
changes).

Figure 31.5.6 Differences between 2007 and 1956 in aquifers recharge (mm/year) in Sierra Nevada.

Regulating service€rosion

Supply

Regulation services are being assessed with WiMMed nddatershed Integrated Model in Mediterranean
Environments), that is a physicabigsed, fully distributed hydrological model. It uses hourly and daily
meteorological data, along with certain physigabperties of the soil and subsoil to perform the spatial
interpolation and temporal distribution of meteorological variables, rainfall interception, snowmelt, infiltration,
runoff, surface slope circulation, calculation of the water in aquifers, andh iblasv circulation. It thus provides
instantaneous value or evolution of the principal flows and state variables, such as water flow volumes, amount
of stored water, flooded surfaces, etc. A detailed description of this model is given by Herrero e®@). (20

WIMMed is already calibrated for Sierra Nevada (Spain) for its present climate using the complete dataset of
meteorological data, approximately available since 2000. One of the ecosystem service to evaluate is the
capacity of the ecosystems to retaim decrease water runofiWater infiltration in the soil is the process by
which the water goes into the soil pore space, displacing air previously stayed there. WiMMed reproduces
infiltration by the physical model of Green and Ampt (1911) along with ¥aetesolution Mufioarpena and

Ritter (2005).

WIMMed considers the floor divided into two layers: a surface layer (layer 1) in which dominates the infiltration
surface and a lower layer (layer 2) in which occurs the storage and distribution. The iofilirathe surface
layer is primarily regulated through the saturated hydraulic conductivity superficial. The lower layer has the
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effect of delaying the deep infiltration into the saturated zone and keeping the water available for evaporation
from the soil When in the process of infiltration capacity soil water inlet is exceeded, surface puddling occurs
and therefore the appearance of surface rundffe calculated the surface runoff in all basins (mm/year)

Figure 31.5.8 Differences between 2007 and 1956 in erosion (Tn/ha) in Sierra Nevada.
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Once developed and implemented in WiMMed the hillslope erosion modeling, the work has lweesedoon

the variation of different parameters which link soil loss with changes in vegetation cover. For this, maps of
soil erodibility are being elaborated from the vertical distribution of the root biomass, estimated from the
model proposed by Gale an@rigal (1987) and Jackson et al. (1996), and adapted to Mediterranean
environments (MartineFernandez et al., 1995).
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Recreation

A Flickr analysis shows that photos uploaded per year have generally increased until 2014 before dropping ir
2016 (Figure3.1.5.8), a positive trend is suggested by Malkandall test (S = 29, tau = 0.644, P < 0.05).
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Figure 31.5.8 Changes in photos uploaded to Flickr for Sierra Nevada. Years are filtered by the date the photo was
taken.
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3.2 Arid/semi-arid

3.2.1 HarHanegev (Israel)

ENEBfFYRAE O20SNJ dzLJ G2 F GKANR 2F (KS S| NI KSafie edazNF | C
2005) While characteristically low in precipitatigiBeaumont, 1989; Goudie, 2002)nd thus low in primary
productivity, they are home to complex ecosystems, unique biodiversity and many ecosystem sgtigaes
3.2.1.1) They are also subject to increasing ecological degradatipo@dation growth and increasing demands

for food production push larger amounts of human development deeper into arid environr{@eéaimont, 1989;
Reynolds et al., ZI¥).

Distribution Sp. Functional Distribution of primary
richness diversity productivity

\

1]
AN

Hydrological
model

Sp. Primary Settlements Vegetation Geo- Topography Rainfall Rainfall
Richness productivity patterns diversity frequency magnitude
Survey data Spectral Rock/soil Rock/soil Soil types Meteorological
information ration patchiness data

Figure 32.1.1:Diagram representing the storyline developed for the Har Hanegev, including the identification of
essential variables at the storyline ley8burce: Ecopotential Deliverable 2.2).

The sociecS O2f 23AO0Ff OKIFNIOGSNI 2F LaNISftQa bS3IS® 5SaSNI
O2yatAaiddziSa cmw> 2F GKS LaN)rStQa fFyR YIFLaa FyR Aa i
(Central Bureau of Statistics of Israel, 2010)e northern, more mesic 40% of the country has among the highest
population densities among developed countries.séish, there has been a sustained effort in Israel to increase
L2 LJdzf F GA2y &aSGGfSYSyda Ay (GKS O2dzyiNEB Q& 3 8zeAskin eIKA O
al., 2011) Residential development in the Negev includes urban and exurban communities, dispersed Bedouin
settlement, and small family farms and homesteads. Residential development, and its associated husiaepres
(e.g. infrastructures, tourism, grazing and agriculture), is considered to pose a challenge to preserving ecologica
integrity, biodiversity and ecosystem service provision in the NéBewvtnov and Safriel, 2004; Orenstein et al.,
2009)
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Figure 32.1.2: The Negev Highlands Protected Area (map emphasizes proportion of area visible from the main road
(Road 40) that transects the PA.

Figure:3.2.1.3:Sample photographs used in the landscape preference survey. Clockwise from the upjdéadift:
GAGK yFEGdz2NI £ yR LI I YyGiSR @S3aSGl (A2 yamilyfdnR2dzAy OAf € |

The EcoPotential project in Israel is focused on the Negev Desert Highlands Protected AFéguised2.1.2).
Ecosystem productivity in the Negev Hands is characterized by the interaction between hydrological,
pedological and energy cycles that determine the distribution of water, soil and nutrients across the landscape.
These interactions create and sustain the patchy distribution of vegetatimssthe landscape, whigalong with

faunal activityc augment and further sustain biological life in this arid environmgtdekstra and Shachak, 1999;
Shachak et al., 2008Because opast hunting and overall lack of resources to sustain large mammals, there are
few organisms of large biomass in the region (Nubian ibex being one of the more extroverted and visible examples)
However, the Israeli Nature and Parks Authority (NPA) haageabin wildlife reintroduction programs, namely the
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reintroduction of the Asiatic Wild Ass, or Onag8altz and Rubenstein, 1999)he reintroduction program has
been considerea success, and the current population of Onagers consists of approximately 250 indi@Gaigss
etal., 2014)

NPA officials, participating in EcoPotential as stakeholders, suggest that cultural ecosystem services, specifical
landscape aesthetic values, are among the most important ecosystem services offered in the Negev Highlands. Th
contey G A2y Il Aya adzZl)l2NI 0623K FNBY LINBOA2dza NISadgeleNDK
al., 2013; Orenstein and Groner, 201%he contention also derives support from the tourism literature, in which
nature and scenery playing an important role in attracting tourist to the redliemner and Haber, 2001; Reichel

and Uriely, 2003)In this work package, as a response to the request of our EcoPotential stakeholder partners, we
studied the impact of residential and agricultural development on landscape preferences in the Negev Highlands.

Aesthetic value
Demand

Landscape aesthetic value is emerging as a major component of culture ES evaluation, with some researchel
advocatingféld 0 KS | R2LJGA2Y 2F GKS §SNNYAY 2@enddhuiZed and OpdamR & O
2009; Brown et al., 2012)andscape preference studies are conducted using a variety of methodologies, including
questionnaires, interviews and focus group discussion, and using a variety of visual media, including photograph:
(Steinitz, 1990; Natori and Chenoweth, 200@ygescreen projectiongOrensein et al., 2015and 3D imagery
(Bowman and McMahan, 20Q7n this resarch, we combined the use of a questionnaire and gpfétograph
photo-album of color, Asized Negev landscapes.

The photographs selected for this inquiry were selected to minimize landscape contrast with the exception of the
particular landscape featurave wanted to assessFigure X.1.3. Most photographs featured a desert flat
foreground with a wadi (dry riverbed), hills and sky in the background, although some did not include these features
as a compromise to assure inclusion of the range of othetdeape features. Photograph included agriculture,
roads, electric wires, ancient terraces, Bedouin settlement, sifagiély farms, urban development, natural
@S3ASGlIGA2yS LXIFTYGSR AINRP@Sa 2F (GNBSasZ LIS2LUINRX alky B A X
explicit human intervention in the landscape.

We had three objectives: 1) To assess which landscapes were preferred by respondents; 2) To assess hc
underlying environmental and natufgased values correlate with landscape preferences, @&)dTo assess
differences in landscape preferences according to demographic profile. The questionnaire was divided into four
sections:

1. Landscape preference. Respondents rank the degree to which they liked 16 landscapes depicted in
photographs on a Likedcale of 1 to 5.

2. Environmental valudased questiongderived from Schultz, 2000)

Questions measuring natwelatednesgNisbet et al., 2009)

4. Sociedemographic questions (place and year of birth, place of birth of parents, level oflfeduaeation,
resident/tourist, and reason for visit).

w

Questionnaires were prepared in Hebrew, Arabic and English, and were distributed ovemmotieperiod across
multiple locales in the PA, including residential areas, commercial areas, tourist iattisgcind rest areas. We
targeted specific populations to assure representation of local residents, particularly regarding the single family
farms and Bedouin communities. 408 completed questionnaires were collected.

Results regarding landscape preferencegealed the highest preferences for the landscapes with the greatest
amount of vegetation (i.e. green), regardless of whether the vegetation was agricultural (most highly preferred),
planted ("limanim," which are artificial catchments with a grove ohj#d trees) or natural. With the exception of
vineyards, all other human landscape interventions tended to lower the overall preference for the landscape. These
interventions included (in declining order of preference) Bedouin settlement, infrastructpoegef lines, roads)

and urban development.
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CFrOl2NJ Fylrteara 2F fFyRaOlILS LINBFSNByOSa eAaAStRSR ¥
landscapes characterized by natural vegetation in river beds and/or planted groves of treesecbhd factor,
GSEGSyardgsS RSOSt2LISyiés AyOfdzRSR flyRaoOlLISa sAiGK
AYTFNI a0GNHz2OGdzNE FyR . SR2dzAy aStidtSySydo ¢KS (KANR
undisturbed landscapes althougime of the three in this factor included three individuals hiking. The fourth factor,
GAYUGSYaArAdS RSEOSt2LIVSy(és Zanmb @S éhd ol SroakiZNlandicapél dzNS a
Results using the environmental values characterization quesiwovided by Schul2000)were organized into
factors as predicted, and provided egoistic, altruistic and biospheric factors. These factor loadings from this analysi:
were used in a correlation analysigttivthe landscape preference factors loadings. There were two significant and
LRAAGAGS O2NNBtFGA2ya NBOSIESRY M0 0SG6SSy (GKS 0A2:2
YR GLINRAGAYSE ®

Results using the natunelatedness indegNisbet et al., 2009)roduced similar (though not precisely overlapping)
FILOG2NAR +ta bAaoSi FyR O2fttSI3dzSaQ 2NAIAYLFE ylFfeaa
YIGdZNBE YR GKS SYy@ANRYYSYy(G O0aLISNB2YIfkAYydSttSOldz ¢
ALISOASEA 0 d LS Npad gxpefiend®IAANIAR] d@r 2fyey0SO G SRy Saa G2 y I GdzNB ¢
LISNBLISOGAGS 2y GKS KdzYly NRES Ay -2/NRISHYNB: GARIYY 0iA2D | ff IS
FANBRGEL O ClFOG2NJ t 2 RAY 3 agnificant dorkeftiors tofahdSaap Niferdndest 2 & A
Correlations between natureelatedness and landscape preferences suggest that those respondents with a
stronger nature identity (intellectual or experiential) show preference for vegetated and pristinedapés. On

0KS 20KSNJ KIyRY (GK2aS 6A0GK | GLSNE2YlFf KALANRGdZ f &
RSOSt2LIYSyié¢ o CAylLffes (GK2a$S 6AUGK Iy |YOADIESyd N
RS @St 2 LI Seyaiively doryelated to vegetated and pristine landscapes.

These results indicate that values orientations can be effective predictors of landscape preferences in dryland
environments. Respondents whose underlying environmental concern is based ohdyiosmnsiderations (that

is, all life, and not just humans), prefer landscapes with no explicit signs of human intervention. This is also true o
those individuals whose natunelatedness is based either on a strong awareness of environmental and rature
day-to-day life, or those who enjoy experiencing nature through physical involvement. On the other hand those
whose concerns are more oriented towards human wellbeing and who feel that human intervention in nature is
both justifiable and benign with gard to its impact are logically more predisposed to landscapes that are modified
by humans.

With regard to demographic characteristics, here too, we identified several significant relationships. Some
examples include:

9 Bedouin respondents showed a strongeference for extensive development (which included their own
communities), for vegetation and for intensive development (e.g. farms).

1 Older respondents showed higher preference for vegetated landscapes than younger respondents.

1 Tourists showed a strong,egative preference for landscapes with extensive development (including
Bedouin communities) relative to those who live in the region.

1 While all education classes showed a negative preference for extensive development, this relationship was
stronger with higher educational achievemeniThus, respondents with more formal education prefer a
desert landscape that is more pristine.

This study reveals insights of both theoretical and applied relevance. With the possible exception of local
respondents with higlformal educational achievement, the majority of the respondents strongly prefer green
landscapes in this desert environment. Agricultural fields received the highest preference overall. A similar trend is
observed in which only respondents with a strongdaintric relationship with nature similarly preferred pristine
landscape to those with explicit human intervention. This suggests that most visitors (and some residents) do not
look upon human landscape interventions as negative; to the contrary, mogrgyeden in the desert (though not
necessarily other forms of intervention, like settlement, electricity infrastructure or roads). Some of these results
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are consistent with the literature on landscape preferences, for instance with those studies thad glawtitular
population groups preferred nature with human intervention to those landscape with no explicit signs of human
intervention (Zube et al., 1982; Buijs et al., 2009; Zimroni et al., 20Erther, in the tourism research (which
focused particularly on the Negev), researchers recommended a management regime most gaitdabieist

needs that combined infrastructure development with nature experie(iReichel and Uriely, 2003As such, it
appears that in order to maximize the positive benefits provided by landscape services in the Negev Highlands
limited greening shold be considered a viable management strategy. If such a strategy should be deemed
ecologically destructive, then other tools (e.g. education and outreach) are required to influence landscape
preferences of the public. Gee and Burkh§2010) for example, that landscape preferences can shift (regarding
wind farms, in their exaple), when there is heightened concern regarding anthropogenic climate change.

Recreation

A Flickr analysis shows that photos uploaded per year have increased until 14, before declining in 2015 and slightl
recovering in 2016Figure 3X.1.5), a positive tend is suggested by Marifendall test (S = 27, tau = 0.6, P < 0.05).
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Figure 32.1.5 Changes in photos uploaded to Flickr for Har Hanegev. Years are filtered by the date the photo was
taken.
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3.2.2 Kruger National Park (South Africa)

Kruger National Park (KNP) is a fenced National Park located in theeastérn part of South Africa. KNP is one

of Great Limpopo Transfontier Park, including Limpopo National Park in Mozambique and Gonarezhou in
Zimbabwe. KNP is located in the dry saxeabiome, and was established in 1898 to protect wildlifiee location

of KNP is welblaced in the savanna ecosystems with open canopy forests (about 50% or less tree cover) made of
heterogeneous layers of grass and woody plants {Blemhar and Coe 199Favanna is one of the largest biomes

in subSaharan Africa which host a large proportion of the African population, generally the poorest communities
who rely extensively on ecosystem services, e.g. fuel wood, timber, grazing resources and edibleh&witsody
component or tree cover plays a key role in ecosystem functioning, impacting on the fire danger, rates of
transpiration and biomass production, nutrient cycling, soil erosion, carbon sequestration and water distribution,
and more widely on foo@nd 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; McNaughtor
1990).

The major drivers of vegetation distribution arbiatic components such as geology, topography and soils. Two
main geological types exist in KNP which influence the density of trees and high grass biomass. Basalt geologic
type is characterised by high fertility soils dominated by grasses Awtitiatrees. On the other hand, granite
geological types are characterised by low fertile soils dominated by high tree cover, especidlignibeetum
species. The abiotic and climatic factors make a dry savanna a complex ecosystem. Two seasons exist in this ar
wet and dry season which in combinations with grass quality and quantity as well as tree greening and leaf off
influence the feeding patterns and movements of animals. Grazing areas are often threatened by the encroachment
of woody species (bush encroachnt), land use and climate changd® continue conserving biodiversity and
ensure that rural people have future access to natural resources, assessment of critical ecosystem services
functions as indicated above is critical. There is a need for spaphtie assessment of ecosystem services within
KNP and surrounding areas to be able to understand the state, quality, quantity and extent of the ecosystem
function such as vegetation production (grass biomass, tree cover}gteesss interaction (ecosyste extent),
nutrient cycling (e.g. grass nutrients) and biodivergfigure 32.2.1)

[ Bush encroachment ] [Carbon sequestration ] [ Grassland ] [ Grassland ] [Trends in ecosystem]

extent potential quality extent productivity
\/ \/ \/\/ /T\

"y o 0 N
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Percent of Woody Herbaceous Leaf nltrogen
tree cover biomass biomass

Leaf area index

Tree cover Phenology Vegetation Biomass Nitrogen Surface
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Figure 32.2.1 Diagram representing the storyline developed for the Kruger National Park, including the
identification of essential variables at the storyline lef@burce: Ecopotential Deliverable 2.2).
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Supply

Changes in biomass can be seen between 2001 and Zdsr¢ 32.2.2), with biomass droppinigetween 2001
and 2007 and 2012, then an increase upto 2015. Individual site biomassalgaktedon an annual basigigure
3.2.2.3) and ManfKendall tests calculatedinding a positive trend forCrocodileBridge, Satara, Letaba and
Klipkoppies, though a negative trend was seen in Punda Maria (3.&ukel).
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Figure:3.2.2.2:Change in biomass tveeen 2001 and 2015 in Kruger National Park.
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Figure 32.2.3 Mean Annual Biomass (gAnfor various sites within KNP derived from MODIS data.
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Table3.2.2.1:Mann-Kendall Statistics for different sites within Kruger National park

Site S Z-stats  tau P-value
Crocodile Bridge 30 1.3057 0.25 0.1917
Tshokwane 0 0.0000 0.00 1.0000
Satara 38 1.6658 0.31 0.0958
Letaba 42 1.8459 0.35 0.0649
Punda Maria -22 -0.9455 -0.18 0.3444
Klipkoppies 12 0.4953 0.10 0.6204

Recreation
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A Flickr analysis shows that photos uploaded per year imveased between 2002014, and have then dropped
(Figure 3X.2.5, a positive trend is suggested by Makandall test (S = 31, tau = 0.689, P < 0.01).
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Figure 32.2.5 Changes in photos uploaded to Flickr for Kruger National Park. Years are filtered by the date the
photo was taken.
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3.3 Coastal/Marine

3.3.1 Dofana (Spain)

Wetlands are a diverse array of dynamic ecosystems formed in the contact of land and water. They have long bee
considered unproductive and unhealthy and transformed into farmlands, afforestations, rice paddies, aquaculture
farms, or transportation channgl Only recently it has been realized the importance of wetlands for the
conservation of biodiversity, and for the ecosystem services they provide. The Dofiana National Park (537 km2) wa
created in 1969 for the protection of waterbirds and its aquatic tebj after two thirds of its original extension

were drained mainly for agriculture (Méndez et al. 2012). Dofiana is a UNESCO Biosphere Reserve (sincel980)
Ramsar Site (1982), a Natural World Heritage Site (1984) and it is integrated in the Naturee®0@®, which

also includes the surrounding Natural Park with a similar extent. It contains one of the largest wetlands in Western
Europe (Garcia and Marin 2005), an intricate matrix of marshes (270 km2), phreatic lagoons, and-l@rg&p km
coastal dune aasystem with its shoreline and representative Mediterranean terrestrial plant communities (around
100 km2).

The Dofana wetlands provide an excellent service for scientific research, as well as for educational, spiritual ant
symbolic purposes. They alsdtract ecotourism interested in bird observation. The migratory waterbird
populations they support provide many other services at a continental scale along the flyway such as quarry for
hunting, vectors for plant and invertebrate dispersal, and regulavdrzsests (Green and Elmberg 2014). Some of
523FylQa ¢SGflyRa INB faz2 AYLERNIIFIyd F2N gk (SN LldzN
However, these services can compete with food production (grazing by livestock, or transforimtatiagriculture

or aquacultureFigure 33.1.1).

The main challenges posing a threat to conservation and the provision of ecosystem services in Doflana are relate
to underground water extraction, surface water diversion, modification of hydrological regimes, pollution,
overgrazing, and the introductiorfo SE2GA O &aLISOASad ! f (K2dzAK Y24aiG 523!
are nowadays protected, they are highly dependent on catchment areas or aquifers much larger than the protected
area and thus subjected to anthropogenic degradation. In additionatdi change will affect the hydrology of most
wetlands. Recent research suggest that global (climate change), regional (water extraction, eutrophication) and
local (modification of hydrological and grazing regimes) stressors could act in synergy andtcrercosystem

to an undesirable conservation state (Green et al. 2017).
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Figure 33.1.1 Diagram representing the storyline developed for the Dofiana National Park, including the
identification of essential variables at the storyline lef@&burce: Eopotential Deliverable 2.2).

Main drivers of change and conservation challenges for the sustainable provision of ecosystem services in
Dofiana Protected Area

Water quantity in floodplain wetlands like Doflana marshes depend on river discharge and maitifaltrainage

basin. The diversity of wetland habitats (e.g., Espinar and Serrano 2009), which are strongly linked to the aquatit
vegetation inhabiting them, depends on key variables such as the (micro)topography of the floodplain, the
variability of ramfall (amount and seasonal pattern) and the water management of transformed areas.
Groundwater levels influence the presence of phreatophytic vegetation and the hydroperiod of ephemeral ponds
on aeolian sands (another type of wetlands present in Dofian&oh&tPark). In both types of wetlands, water
transparency and nutrient levels influence the growth of primary producers, and the dominance of submerged
macrophytes vs. microalgae (including cyanobacteria). Water levels and their fluctuations will iafirenc
presence of emergent vegetation.

The main drivers of hydrological change in Dofiana marshes are:

1 Water abstraction for agriculture in the drainage basin of Doflana protected area, mainly groundwater
abstraction with some surface flow diversion (GualaAlbert and Jackson 2011).

1 Groundwater abstraction in touristic resorts on the coast for human consumption and for watering golf

courses and gardens.

Water pollution due to agricultural ruoff but also waste water from villages upstream.

Synergy wi climate change is increasing the impacts of water abstraction and nutrient loading. It will also

increase evapotranspiration and will modify the precipitation regime.

1 Suspended solid transport and marsh siltation is probably increasing due to incragsitigture in the

basin (although this could differ in other deltas).

Overgrazing can be a problem in the marsh and livestock cause bioturbation increasing water turbidity.

Introduction of alien species can cause important impacts on plant and anomahanities (e.g. cyprinid

fish, crayfish, Azolla) (Aragonés et al. 2009, Diglgado et al. 2011, Espinar el al. 2015).

= =

= =

Biodiversity in general, and waterbird diversity in particular, are the main reasons to protect Dofiana and behind its
attractiveness dér ecotourism. They are critically dependent on high productivity (primary and secondary), as well

as on the high spatial and temporal diversity of wetland habitats. Different waterbird species use habitats with

different characteristics (e.g., water deptlhiegetation cover, salinity, duration of flooding period) and also at
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different times of the year (e.g., breeding, stoper, wintering). Moreover, the high intemnual variability in
flooding regime is also important to maintain the diversity of theaevaird community, avoiding the dominance of
a few common species and creating opportunities for rare species (Sebésirfmalez and Green 2015). In relation
to productivity, waterbird diversity is highly sensitive to the impact of eutrophication and cazrg on benthic
producers, emergent plants and floodplain meadows.

Hydroperiods
Supply

Akey elemenbf structuring waterbird communities in Dofiana protected area temporary pa@nds$ydroperiods.

The aeolian sands of Dofiana protected area includs@syof Mediterranean temporary ponds highly variable in
depth and size. They are of considerable importance for biodiversity conservation in Europe, because they harbou
a large part of the aquatic biodiversity at the landscape scale, and are home tanduendangered species (Diaz
Paniagua el al. 2010, Zacharias and Zamparas 2010, Florencio et al. 2014, Diaz Paniagua el al. 2015). Indeed, t
are a priority habitat in the European Union (Code 3170, Habitats Directive 92/43/ECC). However, pressures an
impacts from urbanization and agriculture, acting in synergy with climate change, are threatening these habitats at
the global scale (Zacharias and Zamparas 2010).

¢tKS 5231 ylIQa aeaidisSy 2F LRyYyR&a O2yaradta 2F |y SEGSY
dependent on precipitation, groundwater seepage and water table oscillation (Sacks et al. 1992, Serrano et al. 2006
DiazPaniagua et al. 2015). Clim& OKIl y3S KI & NBadzZ 6§SR Ay || RSOftAyYyS o6
et al. 2006), acting together with dessication due to an increased anthropogenic pressure from groundwater
abstraction for agriculture or for tourism (Sousa and Gaktigillo 2003, Sousa et al. 2009, DRamiagua and
Aragonés 2015). Nevertheless, differing levels of environmental protection of the different areas of the aeolian
sands since 1969 have strongly influenced both the degree of conservation and the floodangicwf these
temporary surface waters (Bustamante et al. 2016).

The hydroperiod of the temporary ponds, defined as the duration of their flooding period in an annual cycle (Grillas
2004), is a key ecological parameter determining the composition otpknd waterbirds community that uses
these ponds for breeding and completing their life cycle {P@ziagua et al. 2010). In recent research funded by
ECOPOTENTIAL project, Bustamante et al. 2016 used the Landsat series of satellite images (1986 &ilz814

the temporal dynamic of the hydroperiod of these small waterbodies in relation to two other key factors: the
protection level and the distance to water abstraction pressures from agriculture and residential areas. That
research highlights how,ven with resolution limitations, the Landsat images time series is a great source of
information to study the temporal trends, hydrological evolution and the landscape effect of different conservation
FOGA2ya Ay (GUKS aeadsSy 2F 523yl Qa GSYLRNINE LRYRao®

The main results of that study show that the protected areas of the aeolian sands hold a better preserved system
of temporary ponds. Its flooding dynamic fluctuates with precipitation and is affected, although in a complex way
at the landscape level, by watabstraction for irrigation agriculture and, to a smaller extent, by residential areas.
Mean hydroperiod has increased by the creation of new irrigation and recreation ponds in agricultural and
residential areas, respectively.

Regarding natural ponds, éhflooding regime of some is linked to fluctuations of the groundwater table due to
water abstraction, while other ponds are probably receiving excess irrigation water, or are directly transformed
into reservoirs. In general, the unprotected area showsramease in mean hydroperiod duration, and surface
flooded, and a decline in hydroperiod variability. One of the main conclusions of the study is that, while it is true
that mean hydroperiod of water bodies over an extensive area is probably not a gdodtordof the degree of
conservation of temporary ponds, a low correlation with precipitation and a low coefficient of variation of
hydroperiod could probably be indicators of the degree of artificialization of an area. In addition, flooding dynamics
and fooding anomalies (differences from mean values or mean trends), as determined by remote sensing data,
could be used to classify and identify different types of water bodies and evaluate their degree of artificialization.
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the centroid of the water body. Blue colors represent increasing hydroperiods and red colors decreasing
hydroperiods. The reference image indicates with color the levgdsatéction. Source: Bustamante et al. 2016.

Informing the management of natural resources in protected areas: Modelling biomass production in the
seasonal wetlands of Dofiana National Park

Freshwater wetlands are ideal sites to rear feral cattle. In thBaba marshland feral cows and horses have been
reared for ages using specific breeds capable to resist the extreme conditions (wet winters and dry hot summers).
Its highly productive pastures allow for a considerable amount of animals, although this ashowhd be adjusted

G2 OFNNBAY3 OFLIOAGE Ay 2NRSNI G2 F@2AR RSANIYRIGAZY
is related with its hydrological conditions. In Mediterranean areas such as Dofiana rainfall can vary considerably
between years. Moreover, climate change will negatively affect rainfall, and, together with increasing
temperatures, flooding period will shorten. Additionally, water management and exploitation of water resources
by humans will also affect the availability of pags. Remote sensing allows for modeling primary production in
relation to water availability. Such models can be used for decision making on the amount and spatial distribution
of cattle in the marshes, seeking for the optimal situation taking also ictount the conservation of wildlife.

A recent study by Lumbierres et al. 2017 proposes a method to estimate standing aboveground plant biomass usin
NDVI Land Surface Phenology (LSP) derived from MODIS, calibrated and validated in the Doflana Na@anal Par
marsh vegetation. Out of the different estimators tested, the Land Surface Phenology maximum NDBVI (LSP
MaximumNDVI) correlated best with grourtduth data of biomass production at five locations from 22015

used to calibrate the models {R 0.65). Estimators based on a single MODIS NDVI image performed waorse (R
0.41). The LSMaximumNDVI estimator was robust to environmental variation in precipitation and hydroperiod,
and to spatial variation in the productivity and composition of fi@nt community. At Dofiana National Park, the
determination of plant biomass using remesensing techniques, adequately supported by gretmith data, may
represent a key tool for the loagerm monitoring and management of seasonal marsh ecosystems.
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In(biomass) = 6.71 * LSP-Maximum-NDVI + 3.77

7 8

In (biomass (kg dw/ha))
6

0.3 0.4 05 06 0.7
LSP-Maximum-NDVI

Fgure 33.1.3:Model calibration. Relationship between the best NDVI estimator testedNz&numNDVI) and
the logarithm of biomass production (kg dw/ha). Continuous line: regression line. Dotted lines: 95% confidence
intervals. The dotoloursrepresentthe five different locations of the calibration biomass plots.

Recreation

A Flickr analysis shows that there was a increase in photos uploaded until 2015, where figures then decline for 201
(Figure 33.1.4), a positive trend is suggested by Makandalitest (S = 37, tau = 0.822, P < 0.01).
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Figure 33.1.4 Changes in photos uploaded to Flickr for Dofiana. Years are filtered by the date the photo was taken.
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3.3.2 CuronianLagoon

The Curonian Lagoanthe largest European lagoanis a shallow watebody (total area 1584 km2, mean depth

3.8 m; maximum depth 5 m). Situated in the southern part of the Baltic Sea, the lagoon receives water from the

River Nemunas, the thirrgest contributor (after the Vistula and Oder) of total nitrogen and phosphturalse
FfGAO {SIod ¢KS alftAyArAde 2F GKS gl GSNIAYy GKS y2NI

brackish and freshwater species inhabit the lagoon.

The whole Lithuanian part of the Curonian lagoon has been designated as NATWR&#&20 (both habitat and

bird directive protected territories). The northern part of the Curonian Lagoon is designated as a Baltic Sea
Protected territory by HELCOM. The Curonian spit along with the adjusting portions of the lagoon is designated a:
a Natonal park both in Lithuania and Russian federation. In 2000, the Curonian Spit cultural landscape was as we
inscribed on the UNESCO World Heritage List. Two of the oldest ornithological stations in area are there in Lesnoj
(Russia) and Vente (Lithuaniird protection is important as migratory routes SodNbrd pass the Curonian
lagoon. There are 62 protected bird species in the area of the lagoon. There are also 2 protected areas is adjacer
to site¢ Luzija and Tyru high moors designatedprotectederritory according to the Habitats Directive and Tyru

high moor designateds protectederritory according to the Bird Directive. The Nemunas delta has separately the
regional park protection status with several strict reserves inside.

Fish community Water Recreation Reed
and fishery quality intensity management

()
\_
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Ecopath BBN

Coupled hydrodyamic
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Species Fishery Hydro-meteorologica) Flooded Tour i Reed
abundance data area number distribution
in-situ Fishery Remote Hydro- Tourisms Data on reed
data departament sensingdata meteorological statistics parameters

stations

Figure 33.2.1 Diagram representing the storyline developed for the Curonian Spit National Park and Nemunas
Delta Regional Park and, including the identification of essential variables at the storyline level.

Fishery

We have selected two ecosystem service indicators, which are considered to be the important in the PA. First one
is the fishery which could be easily assessed by the commercial landing statistics which is available from 1953 t
present in terms of individal fish species landings.

We did use the official landing statistics as ttemandfor the fishery ecosystem service, while CPUE(Catch Per
Unit Effort) as thesupplyfor this ecosystem service. However the CPUE was possible to calculate only for the lates
period of observations.

Supply
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We used calculated CPUE for the time window of 2001 to 2011 to characterize the fish stock supply. The Kenda
test (tau =0.636, 2sided pvalue =0.0081234) points towards negative trend in supply

cpue.ts
11 12 13 14
|
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I I I I I
2002 2004 2006 2008 2010

Time

Figure 33.2.2 Change in CPUE of commercial fish species in the Lithuanian part of the Curonian lagoon during the
period of 20062011. The CPUE data are in kg/CPUE.
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Figure 33.2.4 Changes in total landings of commercial fish species in the Lithuanian part of the Cuagoian |
during the period of 1952016. The landings data are in CWT
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Figure 33.2.5 Changes in total landings of commercial fish species in the Lithuanian part of the Curonian lagoon
during the period of 200@016. The landings data are in CWT.

However die to changes in fishery practice the time series for the whole period appeared to show no significant
trend (results of the kendall test :tau-6.0823, 2sided pvalue =0.3391), so we decided to analyse the latest period
(20002016) separately, which impves the trend probability (tau = 0.397-sitled pvalue =0.02902).

As it could be seen from the analysis, in the time window of 2Z8@%, there is a mismatch between the supply
and demand in commercial fisheries in the Curonian lagoon; the supply exgrassEPUE ha a negative trend
while the demand expressed as a commercial landings exhibits an increase.

Recreation

As the Curonian lagoon area is under the protection of the national and regional parks, Natura 2000, and UNESC(
it attracts many touristseeking for various entertainment types. First ice fishing on the frozen Curonian lagoon is
important activity for both PA, because it attracts hundreds fishers from the whole country.

Mostly summer tourists come for sandy beaches, dunes, forests, atiésents in the Curonian Spit National Park
where tourism infrastructure is developed and already raising the environmental problems.

Different situation is in the Nemunas Delta Regional park which has a unigue landscape in the Nemunas Delta, rive
floods,and the importance for wildlife especially migratory birds. The most important types of tourism types in the
territory are fishing (angling), birdwatching, and water tourism. Despite the area uniqueness, level of tourism is low
and overall tourism infrasticture is poor. The PA administration seeks for tourism development and focuses to
ecological/ nature tourism.

Current confrontations of the interests of tourisms business in the PAs, environmentalists, fishery and agriculture
rise important issues ford3 administrations and stakeholders seeking for effective environmental protection,
society needs and sustainable development.

A Flickr analysis shows that there was a general increase in photos uploaded between 2007 arfig20&6 (
3.3.2.6, a positive trend is suggested by Makandall test (S = 33, tau = 0.733, P < 0.01). There is possibility of
increased number of tourists in the PAs in the Curonian lagoon regi@re could be other comparable methods

to evaluate tourist number in theAs as ferry tickets, voluntary PA tickets, number of fishing licenses etc. Some of
these data could be relevant to a comparison with current Flickr analsigover, further analysis of the Flickr
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photos might provide information on the most popular pdacamong the tourists, seasonality of visits, the most
important activities for recreational in the area.
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Figure 33.2.6 Changes in photos uploaded to Flickr for the Curonian Lagoon. Years are filtered by the date the
photo was taken.
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3.3.3 Pelagos

The Mediterranean Large Marine Ecosystem (LME) is a huge and complex environment, characterized by biotic ar
abiotic richnesghat encompasses numerous Protected Areas and that can provide many ecosystem services (ESS
(provisioning, regulation and mdanance, and cultural). These ESSs, in the form of functions (e.g. coastal
protection) or goods (e.g. biomass), benefit several categories like protected area managers, citizens, private
companiesgtc. At the same time these services are influenced aridcééd by a great amount of stressors who

can threaten then(Figure 33.3.1)

Biomass provisioning

Supply

In the Mediterranean LME the nutritiopbiomass provisioning ecosystem service (provisioning ESS) is of extreme
interest as it exploits both the natal marine ecosystem potential in terms of fish biomdsgyre 33.3.2) 06 & 2 A ¢
FYAYFEa FyR GKSANI 2dzi Lddziaé | OO0O2NRAy3 (G2 /L/9{ Ofl a
in terms of fish biomas${gure 33.3.30 6 & ! Yy A Y-BAfl&ddz # NRX Oy (G dzNB¢ | OO0O2 NRA Yy 3
In both cases, the supply (biomass) responds to the demand of fish for nutrition, but the beneficiaries are different.
C2NJ a2AfR FYAYFf& YR (KSANI 2 dzi Liteimded thad e Sidgnfags availdleS &
F2NJ O2YYSNODAIE FyR adzoaraidSyOS TFaa&dzyBE dzt @ &t D@&NA dzY
aquaculture farmers and consumers. Provisioning benefits can therefore be summarized as economic revenue an
food availability.

Whale population
health
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Figure 33.3.1: Diagram representing the storyline developed for the Pelagos Sanctuary for marine mammals,
including the identification of essential variables at the storyline I€selrce: Ecopotential Deliverable 2.2).

As a proof of the importance of these ecosystem services, it has to be noticed that many provisioning services ar
traded in markets, thus sustaining economies, but in some cases, especially in least developed countries the'
benefits directly single houseld. According to Food and Agriculture Organization (FAO), the natural and
aquaculture marine potentials in terms of fish biomass, significantly contribute to nutrition, employment, and
earnings worldwide, and aquaculture provides half of all fish for hue@nsumption. Moreover FAO states that

for the Mediterranean Sea aquaculture the most common native specieBiaemtrarchus labrafl innaeus, 1758)
(common name sea bas§parus auratd.innaeus, 1758 (common name sea breafime EU Commission as well
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recovery and sustainability.

The pressures affecting nutritiemomass provisioning services in terms of biomass production or biomass growth
enabling conditions are: fishing overexploitation, change in faeb structure, eutrophication, expansion of
human activities producing pollution or subtracting maritime space (tourism, maritime transport, resource
extraction), climate change, exotic a/o asive species.

The main factors controlling the fish growth are related to fish vitality, fish weight, and aquaculture technical
constraints, and more in general to the local physa#smical and biological properties of the water that affect
directly the fishes or their habitat. Physical, chemical and biological characteristics of seawaters are therefore the
primary descriptors to assess the spatial and temporal dimensions of marine ecopotential productivity
performances in terms of fish growth. Among#e characteristics, seawater temperature is the Essential Variable
(EV) to characterize fish vitality and thus marine food provisioning service, as it influences many other parameters
and as consequence the entire life cycle of marine organisms.
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Figure3.3.3.2 Natural marine nutrition provisioning potential: estimated annual fish growth for sea bream
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Figure 33.3.3 Aquaculture marine nutrition provisioning potential: potential fish harvest estimated within the area
identified as feasible for aquaculture (current maritime uses have been subtracted to the overall feasible area).
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MARINE CAPTURE PRODUCTION: FAO MAJOR FISHING AREAS

VARIATION

FISHING

AREA NAME
(Tonnes) [Percentage) (Tonnes)

21 Atlontic, Northwest 2136 378 1853747 1842254 -13.8 -0.6 -11 493
27 Atlontic, Northeast B 989 599 8454196 8654722 =35 24 200 526
31 Atlontic, Western Central 1 450 734 1297 541 1186897 -18.2 -8.5 -110 644
34 Atlontic, Eastern Central 3929 634 4222622 4415695 12.4 4.6 193 073
37 :‘::gf;:i“;:: 1 484 499 1243330 1111776 =251  -10.6 -131 554
41 Atlontic, Southwest 2021 094 1974086 2419984 197 22.6 445 B98
47 Atlontic, Southeast 1 479 746 1380 608 1574 838 6.4 14.1 194 230
51 Indion Oceon, Western 4313756 4579366 4699 560 8.9 2.6 120 194
57 Indion Ocean, Eastern 6 274 406 7617838 8052256 2B.3 57 434 418
61 Pacific, Northwest 20 256 795 21374002 21 967 669 B4 28 593 667
67 Paciic, Northeast 2 831 978 3205426 3148703 112 -1.8 -56 723
71 Pacific, Western Central 11298748 12398778 12822230 135 3.4 423 452
77 Pacilic, Eostern Central 1825 231 2024994 1907 785 45 -58 -117 209
81 Pacilic, Southwest 642 355 581 852 543030 -15.5 -6.7 -38 822
87 Pacific, Southeast 11 716 946 8518117 6890058 -41.2 -19.1 -1 628059

L0 I 161 608 236 617 311896  93.0 31.8 75 279

Antaretic areas

B0 793 507 80 963

Figure 33.3.4 Marine capture prodction in FAO major fishing areas (FAO, 2016)

AQUACULTURE PRODUCTION BY REGION AND SELECTED REGIONAL MAJOR PRODUCERS:
QUANTITY AND PERCENTAGE OF WORLD TOTAL PRODUCTION

REGIONS AND SELECTED COUMTRIES 2000 2005 2010
Bangladesh [thousand tonnes) 317 &57.1 882.1 1308.5 172561 19569
[percentage) 1.30 203 1.99 222 2.60 2465
India (thousand tonnes) 1658 19425 29467.4 37858 4209.5 4881.0
[percentage)] .80 599 6.70 6.42 4.33 6.62
Southern Asia, [thousand tonnes) 571 72.8 2197 397.5 483.8 547 .4
excluding India and
Banglades
[percentage) 0.23 0.22 0.50 0.67 0.73 0.74
Western Asia [thousand tonnes) 51.7 118.0 189.5 256.3 294.5 331.4
[percentage)] 0.21 0.36 0.43 0.43 0.44 0.45
Europe (thousand tonnes) 1580.9 2 050.7 21349 25442 28523 2 930.1
(percentage) 6.48 6.33 4.82 4.31 4.29 3.97
Eastern Europe [thousand tonnes) 183.5 195.9 2390 251.3 278.6 304.3
[percentage)] 0.75 0.60 0.54 0.43 0.42 0.41
MNorway [thousand tonnes) 277.6 491.3 &461.9 1019.8 13211 13325
[percentage] 1.14 1.52 1.49 1.73 1.9%9 1.81
Northern Europe, [thousand tonnes) 205.6 309.0 327.46 343.5 391.3 402.8
excluding Norway
[percentage] 0.84 0.95 0.74 0.62 0.59 0.55
Southern Europe [thousand tonnes) 480.6 £40.8 541.5 573.5 579.3 595.2
[percentage)] 1.97 1.98 1.22 0.97 0.87 0.81
Western Europe [thousand tonnes) 433.46 413.7 3450 336.0 282.0 295.3
[percentage] 1.78 1.28 0.82 0.57 0.42 0.40
Oceania [thousand tonnes) 94.2 121.5 151.5 189.6 186.0 189.2
(percentage) 0.39 0.37 0.34 0.32 0.28 0.26

&6 465.6

WORLD

(thousand tonnes)

Figure 33.3.5 Aquaculture production by region and selected regional major producers: quantity and percentage
of world total production (FAO, 2016)

In the Mediterranean and Black Sea marine captueidining as catches have dropped by @hied since 2007
(Figure 3.3.3.4), this reduction in food provision, and therefore in demand, is compensated by an increase in the
aquaculture production (Figure 3.3.3.5) for the entire Europe that in about tweedysy(19952014) is almost
doubled.

EO products used widely for the assessment of NutritieBiomass Provisioning Ecosystem service
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Among the main factors controlling the fish growth there are: temperature, currents, salinity, dissolved oxygen, pH,
nitrates, phosphates, and Chlorophyll. All of these variables can be collected from the Copernicus Marine
Environment Monitoring Service (CMEMRitp://marine.copernicus.eu/) as products (SST, Cur, Sal, dox, pH, nit,
pho, Chl) and are the result of satell@servations or reanalysis using numerical modeling and data assimilation.
Depending on the variable being considered the spatial resolution ranges from 1km to 7km, while the temporal
resolution is daily mean or monthly mean.

CMEMS modelederived producs are available up to 72 depth layers to account for the whole water depth in the
basin, while available temporal coverage can vary.

Other EO source for these kind of products are for example: the OceanColor archive
(https://oceancolor.gsfc.nasa.gov/) whee the daily Level 2 Sea surface temperature (SST) from MODIS at 1km
spatial resolution is available from 2002 to present; and the MERIS archive for the perioe2@@?2
(https://merisfrssmercids.eo.esa.int/merci/welcome.do) containing data that can bevdmaded to be processed

in order to produce Chlorophyll (Ch) and Colored Dissolved Organic Matter (CDOM) products according to
selected algorithms.

Other physical and biological variables influencing fish vitality and growth, whose estimation isrewlyd
retrievable from Remote Sensing data, can be derived from numerical modeling assimilating remote sensing anc
in-situ measured data. In addition to all these data and products the assessment of natural marine nutrition
provisioning potential require a fish growth model (based on in situ species growth coefficients) while the
aguaculture marine nutrition provisioning potential requires farm operational parameters and cages parameters
(e.g. minimum current speed and minimum bathymetry) as well agishegrowth model.

Qurrent status AND temporal evolution of SST and of NutritioBiomass Provisioning

Sea Surface Temperature (SST) has been widely recognized as an essentia({vatfiebsential Climatic Variable

- ECV and Essential OceaariableEOV) namely a measurement required for the study, the monitoring and the
management of climate change issues and the marine environnMateover the SSTipfluencingseawater
properties (i.e. growth enabling conditions) and the life cycle ofimeaorganism like fishes (fish vitality and growth
rate), has to be considered as the Essential Variable to assess nugriiomass provisioning services.

Current status and temporal evolution of service delivered and to be delivered in the futumadiesdi fish growth

rate ) can therefore be observed as reaction to variation in SST and as a projection of the trend resulting from the
analysis of the SST time series. Basically SST is to be considered as a proxy of thegrhititians provisioning
selvices.SST of the Mediterranean LME over the last three decades is analyzed in artieetee change in space

and time that can be reflected in provision service change. Series of daily SST estimated for the perR@ll 6982
from multi-sensor satellite data were collected from CMEMS and analyzed.

Focusing on the thermal habitat of fish gpes, a fish growth model is used to reveal different scenarios in the
potential growth of fish populations under past and current conditions as well as future climate projections. Time
series analysis results indicate that in the past three decades 8terggpart of the Mediterranean Sea experienced
greater SST increase than the western part, producing different scenarios of fish growth rates across the
Mediterranean regions.

SST trend analysiErfore. L'origine riferimento non € stata trovata.3.3.6 revealed an increasing SST trend in
he entire Mediterranean Sea basin for the period 12846 ranging among 0.02 and 0.08 degreesxyear
correspondng to an average value of 1.4 Celsius degrees.
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Figure 33.3.6 SST trend using Seasonal Trend Decomposition analysis for the perieg@dBgVianng Kendall
test resulted in pvalues<= 0.0001 for all the pixels
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Figure 33.3.7: Estimated annual fish growth for sea bream fish species: (a) scenario for the pericd 989B4(b)
scenario for the period 2012014; (c) scenario for the period 202841.
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Scenarios of food provisioning ESS status were generated for three periodsl9®B4past status), 2012014

(near past status) and 203841 (projection of future status). The scenarios based on SST status and future trends
show the estimated weight in grams of sea bream fish spedsore. L'origine riferimento non é stata
rovata.3.3.3.7).Figure 33.3.7shows that the service delivered (in terms of extent of areas with highest annual fish
growth) has increased and will continue to increase over the examined period, as result of the rise of corresponding
SST values. At the same time it has to be notibatl higher SST values:

- cause the spreading of areas with maximum yearly temperature exceeding fish vitality condition;

- affect fishes thermal habitat and thus fish vitality;

- favor the spreading of competing alien species (e.g. Lionfish);

- and trigger fistdiseases and lower dissolved oxygen in seawater, causing anoxia events and consequently
fish blights.

Recreation

A Flickr analysis shows that photos uploaded per year have generally increased until 2013, where figures then stal
to slightly declineKigue 3.3.3.8, no significant trend is suggested by Makendall test (S = 19, tau = 0.422, P =
0.107).
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Figure 33.3.8 Changes in photos uploaded to Flickr for the Pelagos. Years are filtered by the date the photo was
taken.
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3.3.4 Wadden Sea

The Wadden Sea is an international, highly productive estuarine area, and one of the largest coastal wetlands it
the world. Situated abreast mainland Europe in the seegistern portion of the North Sea, it borders Germany,

the northern portion of the Nethrlands, and western Denmark, thereby requiringlateral cooperation in the
management and protection of the system. This coastal area is a biodiversity hotspot due to its positioning as a
convergence point of multiple domains, including terrestriaskr water, brackish and marine habitats. This multi
faceted combination allows for the support of a wide breadth of biota. The Wadden Sea is characterized by
extensive tidal mud flats, saltmarshes, and deeper tidal creeks between the mainland and cis&nds 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.
As with manylagoonal and estuarine systems, the variety of habitats and high productivity lends itself to having a
large biodiversity of invertebrates, fish, birds and marine mammals.

The high value ascribed to the Wadden Sea comes from its important regulatoryeamignance functions for the
southreastern coastal portion of the North Sea, its diverse aesthetic values, and the protection it offers against
westerly storms to the German, northern Dutch, and western Danish coasts. The Wadden Sea is a nursery area fi
many fish species as well as a resting and fuelling station for a wide variety of wading birds. More than half of the
juvenile plaice, a flatfish, population of the North Sea grow up in the area. Moreover, more than 10 million birds
spend varying degrees tifme in the region, often on migratory routes between nesting grounds near the North
Pole to wintering sites as far south as Africa. This treasured combination of varied species and aesthetics draws
high volume of tourists in many forms, including buit fimited to island visitors, game fisherman, boating and
mudflat walking excursionists, and commercial operations. Commercial activities include industrial fishing for
commercial fish and shellfish; recently aquaculture for shellfish has been introdOoedof the objectives of the
application of protected area status to the Wadden Sea is to limit the degree of exploitation by the commercial
AKSffFTAAK AYyRdzZAGNE ¢6K2a4S KAIK RSINBS 2F LINBaadzaNB G
capacity to support the large volume of migratory birds. An excerpt of the storyline developed for the Wadden Sea
can be seen in Figure 3.3.4.1.
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Figure 3.3.4.1Diagram representing the storyline developed for the Wadden Sea, including the ideraificdti
essential variables at the storyline level (Source: Ecopotential Deliverable 2.2).
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The most important function of the tidal flat areas is primary and secondary production, contributing for an
important part to the habitat heterogeneity and the biodiversity of the protected area and the function as
undisturbed habitats in densely populatéVestern Europe. Related specific services are therefore functioning as
feeding grounds for birds and fish, resting places for birds and mammals; provisioning of food for man (e.g. (manual
cockle fisheries, collection of fishing bait) but also cultuealises as the aesthetics of the area and the important
function for tourism e.g. mudflat walking and bird and seal watching. A monitoring and evaluation scheme should
focus on these important functions and services but should also keep track of thethwajats. These threats (for

the identified ecosystem services) are a reduction of the intertidal area (e.g. effects of gas exploitation, sea level
rise and changing hydrodynamics), invading species (with effects on habitats and food web structuresgepresen
of shellfish fisheries and related potential ov@xploitation and sediment disturbance, disturbance by visitors
(recreants and foodollectors), and the visual ruining of the landscape from the aesthetic point of view (windmill
parks). To cover thesénformation on the seabed level (altitude/depth profile), physical characteristics of the
sediment (sedimentation/erosion) and water column (tidal information and hydrodynamics) and developments
therein is essential. Also the monitoring of maamobenthiccommunities (including commercial shellfish stocks),
phytoplankton monitoring, monitoring of the fish communities and monitoring of the birds and marine mammals
present in the area are essential. Moreover, insight in the developments of human use anpavfaince (e.g.
tourist numbers, numbers of pleasure boats, mudflat walkers) and shipping, aircrafts or military activity in the
vicinity, but also expansion of builip area, harbors and industries and the presence of windmills. Otieag.
MODIS), Iseraltimetry- and radar data (e.g. Sentinel 1), potentially available with sufficient temporal and spatial
resolution, can therefore be of use and form the basis of modelling of the developments particularly towards the
status of the intertidal areas.

Themajor ecosystem function of low dynamic shallow waters in the PA of the Wadden Sea is the one of providing
heterogeneous habitats and primary and secondary production. Related ecosystem services are providing a nurser
area for shrimps and fish, which dedrs a nutrition service (feeding ground) for birds and fish. Other services are
0KS LINPOGAAAZ2YAYI 2FaA8RKBRDOTAAK) dAMRQENMREN A WPRAzE i 84 Odz
providing opportunities for recreational boating andepsure fishing. Major threats to these are the risk of
overfishing, the impact of gasxploitation (and seabed lowering) potentially resulting in a reduced area of low
dynamic shallow waters, the potential impact of invading species on benthic commuuitidsthe potential
disturbance by many tourists. Essential monitoring data are altitude and water depth information, water current
flow, wave climate and tidal characteristics, primary productivity, mussel bank conditions, amongst others. Also
monitoring data for the macrobenthic communities including commercial shellfish presence, fish and epifauna
communities, and bird count data are necessary. Especially optical data (MODIS, S@rimkladar (Sentinel 1)
provide sufficient temporal and spatial reatibn to be of use for monitoring and modelling. In the assessment of
the current status and to have the ability to render future projections, a three dimensional, prbases model

for the Northwestern continental shelf is used. This model has a rdfgréd on the Dutch portion of the Wadden

Sea which allow for idepth investigations within this particular area. The larger overall domain allows for more
general perturbations to be adapted at the boundaries; the effects being normalized throughalniein rather

than instilling close point sources of disturbance to the domain of interest, the Wadden Sea, which could cause bia:
due to the location the disturbance is induced. In this manner, global circulation inputs can be appended to the
boundaries ad climatological data applied across the entire domain. Due to marine environments well mixed
nature and ability to transport nutrients, pollutants, and various dissolved and particulate matter great distances,
the larger domain is found to be supportieéa more comprehensive evaluation. Calibration and validation of the
model through hindcasting has proved its ability to mimic the primary production cycle which supports the wide
array of benthic organisms and grazers which in turn provide sustenandabdamigratory bird populations.
Additionally, the outputs of the model contribute not only to understanding the total production capacity of the
system, but also the speciation, which in turn, informs on the limitations of additional growth, be it kghtor
nutrients for example, which is further investigated by evaluating the impact of increased nutrients within existing
runoff and potential increases in total land runoff as seen in Figure 3.3.4.2.
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Figure 3.3.4.2Simulation results showing the pact of variations in riverine discharges at a site within the Wadden
Sea and the Resulting variation in algal species type as defined by the BLOOM component within-8iz\Natir
Quality Module.
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Figure 3.3.4.3Aggregation of an ensemble of model runs in order to determine the probability of exceedance of a

7 microgram per litre threshold (L) and &D3visualization of the water quality outputs from the D& model
which allows for evaluation of suspended sednts in the water column and the dispersion within the Wadden
Sea (R).

The model is spatially explicit which allows for critical evaluations of the total algal and phytoplankton
concentrations within the Wadden Sea. Such executions can provide infornuatithe total primary productivity
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