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Executive summary

This isverion 1.0 of theOverview of river ESS demand and delivery in selected case stuttles

different scenarios of climate change and barrier managemehtsreport is a deliverable of the

la. 9w LINP2SOG® ¢KAA LINRP2SOG KFa NBOSAGSR Fdzy RAY:
and innovation programme under grant agreement No 68068

River barriers are important elemenbf the landscapdor two reasonsg they changethe water
balanceof the area and aa consequencethey causeshifts in land usesand alsceventually habitat
structure withinthe direct catchment of reservoir as well asn river valleys up and downstreaot

the barrier.Additionally,both water balance and land use drive other impacts, like water pollution or
erosion, or biodiversity declindhe construction or removal of barriers therefdrasconsequences
reachingfar beyondthe riverbanks Thereare also a number of stakeholdersa@ sectors affected by
the (de)construction process, and tHevel of impact mirrors the level of dependency on the
ecosystem services and disservicas delivered by the reservoirs and impounded rivers. The
complexity of thehumanwater-service interactia is amplified by climatechange. Thus, dam
construction/removal liesat the core of the land-water-energy nexus, being perceived as
problematicandon occasionevenunsolvable, issue

Forthesereasonsit is difficult to anticipatewhat the stock and allocation of natural capital in the
absence of the dawould be particularlyin the case of thosdamsthat haveoperated over decades,

for example the Nieszawa dam (Polansincethe m ¢ ¢ ,/ih@ Boutes dan (Franceyincethe m cpn,n Q &
or the Guadalhorce dam (Spaisincethe m b 7 ./ THes® dams havalready led tahe establisiment
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of new steady states defined by water demands, new habitats, crop production standards and
demand, energy delivery, et€herefoe, in the followingreport, we focused on the status of potential
(natural capital) and realized ecosystem services and their spatial allocation in relation to the barriers
and reservoirswith the aim of locating hot-spots, and, through the modelling of climate change
impact on the areaanticipae the threat to ecosystem services aittige potential role ofbarrier
management in reducing the threat. Referring to the outcome of task 2.6.1, weatitsopted to
identify the groups bstakeholders whose wealth may decrease due to climate change and natural
capital decline.

Thisreport is an outcome of bridging AMBER project vifitt methodology of H2020 NAIADt{p://
naiad2020.ey, namely the application of two global models Co$ting naturéttf://www
.policysupport.orgéostingnaturg and WaterWorldIttp://www.policysupport.orgivaterworld). The
models alloweda decreasdn data intensity implied by other models and topfser example)nVest
offeringanumber of imbeddedlatabasesnd scenarios.

The report isto be extendedat a later datewith modified RESI (River Ecosystem Service Index)
methodology applicable to small scale demonstration cases farekeen as a basis fdrigh IF
publication.
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1 INTRODUCTION

Globally we observe an increasing need for water resources, food and eneeyitably,delivery of

those resources is interconnectéttough analready created laneénergywater nexuOECD, 2037

For example, by 205@,70%increase irfood productionwill berequired in order to feed the world a
pupulation(FAO, 2011l Simultaneouslythe World Energy Council (WEC) projects &4id@rease in
energy supplYyWEC, 2007)Total global water withdrawals for irrigati@re projected to increase by

10% by 2050(Keekr et al. 2012 Simultaneouslyaquatic ecosystems (rivers, lakes, groundwater
coastal waters, seas) directly support the delivery of such goods and services as fish production, water
and recreation. Key supporting and regulatory ecosystem services are also connected to the
hydrologicalcycle in the river basin, for example&ater purification, water retention and climate
regulation. Those services cannot be directly appreciated by people and quantified, thus are less
evident.Maes et al. (2018Keeler et al. (2012andBrauman et al(2007)carriedout comprehensive
analy®s of ecosystem services provided by aquatid waterdependent ecosystemd heyinclude

habitat provision,sediment retention, flood and flow regulation, carbon storage, mineralization or
decomposition, nutrient reglation, climate regulationandspiritual, symboliceducationabnd other
humartnature interactions.

Provision of ecosystem services is dependent on the stattiseanvironment. Whilehe European
Environmental Outlook HEA 2011) already proved that duringreceding decades, substantial
progress has been achieved in the aefithe use of natural resourseegarding waste recycling and
decoupling economic gwath from resource use, ochlesshas been achieveidh meeting nature and
biodiversity targets. The conservation status of valuable habitats has been maintained unchanged,
however Member Countries failed with pressuresntrol, for example, eutrophication and
urbanization, and with preventing biodiversity dease in all three domains of ecosystems:
terrestrial, freshwater and marine.

Focusing on water systems, thi¢ater Blueprint(EEA, 2012pitiative pointed out that after ovethe

10 years of implementation dhe Water Framework Directive, the most seves pressures arstill
changes in hydromorphology (which affect 50% of water bodies) resulting in altered habitats, and
diffused pollution (affecting almost 40% of water bodies) that impaater trophy. TheEEA2009)

also mentions water stress as an additional and significant stressor. Accordingstimates, 26
European river basins are under permanent water stress, while another 43 experience it seasonally.
According tgorojections thesenumbers are going to increase agproximately 30% by 2030 anthe

impact will extend to Northerfeuropearrivers.

Awareness related to loss of quality rivers does not follow the reafithe situation TheEEAeport
(2015) indicates that over 70% of rivers offer unfavouratmaditions to animal and plant species,
however, less than 30% of the European population is concerned with shortage of drinking water or
species extinctiofEC, 201 TheEurobarometer on biodirsity and ecosystem servic@sC, 2015)
reveals also that on averagkess than 20% of the European population believes that biodiversity
decline already impacts thelives while less than 40% consider that loss of biodiversity will affect
them later.
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1.1 Ecosystem services and service bundles

The last decade has seen increasing attempts to assess the relationships among different ecosystem
servicesandled to the establisiment of the ecosystem service bundle concéBennet et al, 2009;
RaudsepgHearne ¢ al., 2010; Maes et al. 2012; Renard et al., 20AB) ecosystem service bundle
KFa 0SSy RSTAYSR dcasystem sénHéeSatirepaatedly apped Odether &cRss
GAYS 2 \Reraldlet@S2015rtain categories oécosystem service often ea@ry positively

(even synergistically) with one another, while othersvemy negatively (i.e., they tend to be in
competition). The phenomenon of ecosystem service bundles has several possible causes: it may be
because the calelivered services originate from a shared underlying condition, which is not
substantially altered by the enjoyment of the benefit. Antagonistic services, however, may require
different conditions, or their production may modify the environmental basistferdelivery of other
service{Howe et al., 2014)

Bundles capture how different ecosystem services interact. They are distinct from inventories of
ecosystem services that can be added up to obtain a total quantity of services, because adding the
servies within a bundle would both double count ecosystem services that interact and ignore varying
social values placed on different ecosystem servidessroot et al. 2002)

The recognized ecosystem service bundles are presenteabilel.
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Table 1 Ecosystem service bundles according to literature review (orgogeflicting; greerg synergic) Kong et al. 2018Baro6 et al. 2017; Howe et al.
2014;Martin-L6pez and IniestArandia 2012).
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1.2 Ecosystem services and climate change

Most ecosystems are vulnerable to climate change even undeatmvmediunmange scenarios of
global warmingSchole®t al. 2014) They ardikely to be affected by gradual changes in temperature

or precipitation and climateelated disturbancesf¢r example,flooding, drought and wildfire), in
association with other threate/hich accompany climate change (i.e. rising,d&d use change, air

and water pollution, intensifying natural resource use, loss of biodivesasityoverexploitation of
resources(Scholes, 201%)Pedrono et al(2015)list seven types of impact of climate change on
ecosystems: species extinction, novel ecosystems, doietaling, increase otyclonefrequency,
reduction of freshwater resources, failing crop yields and disruption of animal, plant and human
health. Those changes and disturbances will afféfoeé abundance, production, distribution, and
quality of ecosystems. Therefore, ecosystem sesviggch as climate stabilization through carbon
sequestration, the provision of forage for livestock and wildlife species, the delivery of thater
supports fishing, the provision of critical habitat for biodiversity, and many other types of ecosystem
sewice, are likely to changélLocatelli et al. 2008)For example, the ability of forests to sequester
carbon and thus limit climate change could be constricted because forest productivity decreases and
fire frequency and/or intensity increases with risingnaspheric temperaturegShaw et al. 2011)
Ecosystem vulnerability has consequences for the global clinfiatganges and disturbances release
carbon into the atmosphere, vegetatimiimate feedback will amplify global warmij@anadell et
al.,2004) Local and regional ecosystem services may also be affected by climate change, such as water
regulation or timber production, with direct implications for dependent sociefi&saw et al. 2011)

The summary review dhe impact of climate change on ecosystem services is provided by Sholes
(2016 in Figure 1.

Reviewed services Key drivers

Crops /2R Heat, rising food needs,
P \_/ competition for land and water
Livestock O Heat, rising prptein demand, dryland drought, mitigation action
Fisheries 4 m Warming, acidification,
rising needs

Timber and pulp 74.—07 Land competition with
agriculture & bioenergy

Bioenergy . O Rising negd for low-carbon energy
Fresh water . (—\ Rising needs, fallng quality, local drought
Climate stabilisation . O Warming, saturation, rising ne¢ds, competition for land
Storm protection 7‘.—<) Sea level rise, increased storm enefgy, coastal urbanisation
Pest and disease ——.—O— Loss jof ecosystem integrity, new pathogens, warming
Pollination . m Landscape changes, phenology shifts
Tourism . O Warining, perceived hazards

Service supply
capacity slightly
below needs

Service supply
capacity far
below needs

Net service supply
capacity unaffected
or equal to needs

Service supply
capacity slightly
above needs

Service supply
capacity far
above needs

Relationship between service capacity and service need in 2015 O and by 2050 —‘— as affected by climate change

Figure 1. A visuasummary of the relationship between supply and demand for the ecosystem services
surveyed in this review, both at the present time (open circles) and as affected by the climate (after
Sholes, 2016).
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Climate change translates into change for the \Wwayernments, companies, and citizens realtheir
needs Many projects and programs are contributing to effective mitigation and adaptation strategies
mostly through the conservation of biodiversity and ecosystem seryitfesld Bank, 2009)though
these rarely consider a comprehensive approdahilt upon three dimensions: ecosystaebased
mitigation, ecosystenbased adaptationand adaptation for ecosystems. To ensure that ecosystems
mitigate climate changeand help people adapt, management must reducearent threats to
ecosystem service$of examplewetlandor forest degradation) as a first stépocatelli, 2016)

Ths study has been carried out for three AMBER demo sites2 02 O0F 6S{1 5IY YR w
(Poland), the Guadalhorce (Spain) and the Neckar River sluice g@temany) The selection of sites

was based otthe availability of data related to ecosystem seevidelivery as well as GIS information

enabling remote analysis of the area. Considering the scale of operation oV¥athrworld and
Co$tirgNaturemodels (1krf), sites needed to reach a critical size.

Costing Naturehttp://www.policysupport.org/costingnatur®, is a web based tool for analysing the
ecosystem services provided by natural environmeiaisntifying the beneficiaries of these services

and assessinghe impacts of human interventions. This Policy Support System (PSS) is a testbed for
the development andimplementation of development and conservation strategies focused on
sustaining and improving ecosystem services and their environmental foundatidms.PES
incorporates detailed spatial datasets at 1%kend 1ha resolution for the entire worldand spatial
models for biophysical and socioeconomic processes along with scenarios for climate and land use.
The PSS calculates a baseline for current ecosysemice provision and allows a series of
interventions (policy options) or scenarios of change to be used to understand their impact on
ecosystem service delive(ilulligan et al., 2010)The workspace data are listed in Annex 1.

CostingNaturencorporates ecosystem service provision and benefits information into conservation
prioritisation and planning. It focuses on water, carbon and tourism related seraicé®n defining
the magnitule and geographic pattern of these as potential serviard as those realised (used) by
local and global beneficiarie€o$tingNaturestarts by mappindl3 ecosystem serviceand then
allows combining them with analysis of currgaressure, future threatsbiodiversityand delphic
conservation priority to produce an assessment @kiority areas for conservation and careful
(sustainable) managemern the basis of these factorghis is done first using baseline datasets
representative of the current situation. When possession aklevant data, users may apply land
use scenarios or valuatisand examine the impactin terms of change in ecosystem servicasd
implications fo beneficiariesUsers may also carry oetonomic valuatiorby using the economic
valuation customisation and completing the economic valuation matrix
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The model produces a series of summary metrics as mapgefBuylt, Co$tingNaturenormalises all
service values as a means of defining a common unit of priority (value) from 0 (low) to 1 (high).
Aggregate metrigssuch as theéBundled Ecosystem Servicesléx by default bring the individual
services together with equal weightingreaning all services are considered of equal priority. The
weights for individual services caalso be specified by the usewhen there isrelevant local
information available. For output in relative units-10n the study area)he potential and realised
values (tonnes) are normalised between the first and 99th perceritileelative units Co$tingNature
maps 13 potential and 13 realised servidgddulligan, M., 2018)timber (softwood, hardwood),
fuelwood (softwood, hardwood)grazing/fodder, non-wood forest products, water provisioning
(quantity, quality), fish catch, carbon, natural hazard mitigation (flood, drought, landslide, coastal
inundation), culturebased tourism, naturdased tourism services, environmental and aesthetic
guality servges, wildlife services (pollination, pest control) and wildlifesdisvices.

Calculation of relative disservice value is an important and interesting feati@e®tfingNatureThe
negative impacts on peoplacludepests, diseases and crop raidjag well as other forms of human
wildlife conflict, howeverthis ismostly focused on agricultur@hus wildlife disservices are assumed
to affect both croplands and pastures. They are calculated forutban areas only and are assumed
proportional to the inverse of the productivity abn-agricultural(i.e. noricropland and nospasture
land) on the basithat low productivity of natural land witend todrive wildlife into agricultural areas
as pests, bringing disease and raiding crops and livestock. For this service&dized there needs
to be nonagriculturalland to produce it and agricultural fad nearby to make use of it. Thuke
realizedserviceis zerafor pixels in which there is no neagricultural land to provide the servicend
scales from the potential service value to zero as the distance to the nearest agriculture increases
(Mulligan2018)

In thisstudy, the information about ecosystem services has been aggregated and mapgdedliasve
Pressure Index, Relative Total Potential Bundled Serdes; land Relative TotaldalisedBundled
Servicesridex Potential value is the value of services from all ecosystems whether these services are
used now or not (i.e. potential value includes value to future beneficiaries everywherththagrvice

could be supplied) hus,it reflects natural capital of the an. Realisable value is the value that could

be realised if all of the accessible servibaged on current infrastructure anpopulation) were
consumed at the maximum sustainable rate (a function of investment, praatidepolicy. Realised

value is thevalue currently realised (extracted) per year on the basis of the current distribution of
population, infrastructure, investment, policy and pract{d4ulligan 2018)Abrief description of each

index is provided in Annex 2.

CostingNaturealso producesa Relative Pressure Index. it given as the combination of relative
population, relative fire frequency, relative grazing intensity, relative agricultural intensigtjvel

dam density and relative infrastructural densifgelative population is calculated on the basis of
population density. Relative fire frequency is based on an analysis of the mean burn frequency from
20012010 from the MODIS burnt area produ@¥ulligan 2010) Grazing intensitysicalculated
according to head of cattle for managed grazing and wildlaadigg after Wint and Robinson (2007).
Agricultural intensity combines the fractions of cropland and pasture in each pixel. Pressure from
dams is calculated as the cumulative upstream number of dams using the Global Dams Database

10
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(Mulligan et al., 2009)infrastructural pressure is calculated from the location of dams, mines, oil and
gas, roads and urban infrastructure. Relative pressure is again scaled-ftom 0

Hydrological and climatic data have been generated witle Waterworld model (http:/
www.policysupport.orgivaterworld) licenced with norcommercial hyperuser acced&aterworldis

a web based policy support system (PSS) based on the FIESTA hydrologic@Vmitigiah and Burke

2005; Mulligan et al., 201®ruijnzeel et al., 20)Iand previous policy support systepier example,
DESURVEY PSS. The PSS is a testbed for the development and implementation of land and water
related policies. lincorporates detailed spatial datasets at 1kand 1ha resolution globallyand

spatial models for biophysical and socioeconomic processes along with scenarios for climate, land use
and economic chang&he workspace data used for scenario building isdigteAnnex 3A series of
interventions (policy options) are availablehich can be implemented and their consequences traced
through the socieeconomic and biophysical systems. The model integrates with a range of
geobrowsers for immersive visualisatiohoutcomes for example google earth or google maps

Thisstudy applied lkrhresolution to run the PSS for each outtbé three chosen AMBER sites,
generateaclimatic and hydrological baselirend onlyfor the climate change impact analysissthe
information filtered and scaled down to the area dfiagledemo site.

Waterworld has been developed with referente the IPCG-ourth AssessmeiReport(IPCC AR4 SYR
(2007)and IPCC SRE®00) Out of AR4we have chosetthe group of A2 scenarios assuming more
or less business as usual and the meswere climate changeThe A2 family of scenarios is
characterized by: a world of independently operating, -selfant nations, continuously increasing
population, regionally oriented economic development and low emissitire, in terms ofclimate
change considersa temperature rise of 3.4C, with a likely range of 2.0 to 5@, sea level rise likely
ranges from 23 to 51cm. The other scenario groupansidermore ecologyfriendly developmers,
significant technological changemd/or limited population growthThus the choice of A2 scenarios
allows visualigtion of the uppermost impact of climate on water resources and environment. The
projections lave been focused on barriémfluenced area (in terms of microclimatsyrfacewater
impoundment andyroundwater table). The climate change modelling has been done withv@i&s

E20 Russel the NASA Goddard Institufer Space Studiesvith aforecastngtime horizonof 2041
2060 As the PSS did not allow for deriving cumulative informatienmonthly water balance or
annual temperature and precipitation change, three months have been chosen for detailed
investigation: Mayg important for the spawnirg and nursingf many European fish speciehily¢
important from the point of view of agriculture, when intense precipitation or droucgmlead to
significant economic losses, and Septembémportant from the point of view of fish feeding and
fitness, but also because autumn is considered as the seasotheifitojected highest temperature
increase across Europe. For eachtwfse three maths, we have generated maps @lercentage
temperature and precipitation chang@mparingto the baseline. The areas withe highest increase

of temperature and drop in precipitation have been considered as threatened with negative water
balance.

11
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There are several broadly adopted methods of assessing natural capital and ecosystem sengees. Th
commonly appliedand well documentedare: InVest (https://naturalcapitalproject.stanford.edu/
inves) Integrated Valuationof EcosystenBervices andradeoffs) by the Natural Capital Projeft
opensource software models used to map and value the goods and services from ,MdiES
methodology(Maes et al., 2018usinga number of indiators and proxies t@stimate ecosystem
servicesat large scalesEcosystem Services Review (E@Rps://www.wri.org/blog/2012/02/re-
introducingcorporate-ecosystersservicesreview-version20) by The World Resources Institute and
World Business Council for Sustainable Development, TES®A/tessa.tools/); a basic toolkit to
identify which services may be significant at a site of interest, what data are needed to measure them,
what methods or source canbe used to obtain the data and how to communicate the resiREsSI
(https://www.reskproject.infden/ projektbeschreibungy the River Ecosystem Service Ingdex
RSOSt 2LISR dzy RSNJ 4GKS . a. C FdzyRAy3 LINPBIANIY aGwS3IA?Z2
t NPGSOUGAZ2Y 2F 2FGSNR Ay DSNXIye owS2tavé (G2 | a2
ecosystem services provided by rivers and their floodplaors reently advanced Knowledge
innovation project (KIP) on Accounting for natwapital and ecosystem services by DG Environment
and EEA(http://ec.eurga.eu/environmenthature/capital accountingpdf/KIRINCAScopingPaper

.pdf). There arealso somedther tools like ARIES or ERS, described in TableeZzommon feature of

all those methods is high data and labour intensitt feasible to the AMBER project. The goal was
therefore to adopt anapproach thatcould compensate for lack of data and manpower, and still
generate useful information, which allowise attraction of attention to catchment hagpots in terms

of natural @pital and ecosystem services, and to conclude on services and disservices of barriers and
reservoirs toa variety of usersA special challenge was linking that information with climate change
scenariosin order to draw conclusions on potential positive adverse effects of barriers under
changed water balance.

The choice ofhe Co$tindNaturepolicy support system as a core methodology was a result ofcross
cutting work and collaboration between two H2020 projects AMBER and NAIAD
(http://naiad2020.eu/ EUInsurance Value of Nature), amfagmatic compromise between the
expectationsof both data access andnalytical feasibility.Co$tindNature also enables the
continuation of work and increasing@gacy of assessments and forecasts whenever more detailed,
local information can be uploaded to the systeailowing precise zones of interes{&Ols)to be
delineated.

Thus theadvantage®f using the Co$ting Nature PSS include:
1 Spatiallyexplicit, publiedomain tool;
1 Rapid analysis of climatic/biophysidalftic conditions based on global datahat
compensatsfor scarcity of local information;
1 Ability to make projections about water availability (precipitation/temperature) under
numberof climate change scenarios;
Use of hydrosheds as a working uttiat complies withthe AMBER approach;
Fastidentification of catchment hapots of natural capital and ecosystem services, based on
13 servicepresented as bundles
1 Possibility to extendssessment witlkconomic valuation of servicesdpital whenever basic
economic information can be uploaded for individual ZOls.

= =

Thedisadvantagesf the method are:
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9 Large scale aiperationthat makes analysis dfie impact of small barrieringle sluice,
culverts, levees) impossible;

Coarse resolution of dathat leads to high generalization of outcomes;

Does not support mapping of individual services and ttratte-offs;

Does not focus on watdrased services;

Partially documentedhat may influence quality of data interpretation;

Divergent functionalities of Co$ting Nature and WaterWdHdt means that influence

of climate change on services cannot be modelled in parallel to hydrological
characteristics.

=A =4 =4 -8 -9

Intheir review of models and toofer ecosystem service assessmddagstad et a2013)

emphasisethat, contrary to many other tool€Co$tindNature canbe rapidlyapplied in terrestrial
environments globally and well séng as a lowcost, spatially explicit screening tool for identifying
potential ecosystem service hotspots. Such preliminary assessments could be used as a broader
FyYyFf@adAOFtE WFNIYSQ F2NJ Y2NB dFndelindabolsNI | y I £ @8 23S a&
Figure 2). The functionalities of different models are comparedable 2

AMBER

Nonmonetary
P valuation
Landscape-scale h
S EE— modeling &
Ecosystem mapping Eg?/:lm
services impact Site-scale
screening ARIES modeling SolVES
EcoAIM
—_—
. EcoServ
gfg"(‘asﬁa"al) Envision EcoMetrix Monetary
g Nefure EPM LUCI valuation
(spatial) ESValue
INFOREST
InVEST EcysAlsiem
LuCI o )
MIMES Valuation Toolkit
SolVES Benefit Transfer &
0 Use Estimation
N— %
Model Toolkit
Potential steps in ecosystem services assessment process

Figure 2. Applicability of different tools along the ecosystem services assessment process (after
Bagstad et al. 2013).
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Table 2. Comparativecharacteristics€omparative characteristics of selected ecosystem service models and tools (after Bagst20E3, modified)

Quantifiable,
approach to
uncertainty

Time
requirements

Capacity for
independent
application

Level of
development &
documentation

Nonmonetary
& cultural

Scalability Generalizability perspectives

Affordability,
insights, integration
with existing
environmental
assessment

Reference

Low, depending
on stakeholder
involvementin
the survey Multiple Novaluation Most useful as a low-
ESR Qualitative process yes Fully documented |scales High component cost screening tool  [http://www.wri.org
Spatially explicit
Moderate to high ecosystem service
depending on High, though trade off maps;
Quantitative, data availability Very broad and Watershed [limited by Biophysical currently relatively
uncertainty through |to support detailed or landscapdavailability of values, can be |[time consuming to http://www.naturalcapitalproj
INVEST varying inputs modeling yes documentation scale underlying data |monetized parameterize ect.org
Spatially explicit
Quantitative, High to develop ecosystem service
uncertainty through |new case studieThrough web tradeoff, flow, and
Bayesian networks [low for pre explorer or Watershed [Low until global |Biophysical uncertainty maps;
and Monte Carlo existing case stand-alone or landscapdmodels are values, can be [time consuming for
ARIES simulation studies software tool |Fully documented |scale completed monetized new applications http://www.ariesonline.org
Rapid analysis of
indexed,bundled
Well documented services based on
with videos, some global data, along wit|
unclarities are Outputs conservation priority
related with indexed, maps; important
incorporated bundled functionalities
models and Landscape ecosystem accessible only with [http://www1.policysupport.
Cos$ting Nature Quantitative Low yes datasets scale High service values [licence org
Quantitative, Site to
Benefit Transfer and Use|uncertainty through landscape Dollar values [Low cost approach to
Estimating Model Toolkit|varying inputs Low yes Fully documented |scale High only monetary valuation |http://www.defenders.org
Fully integrated with
High, requires in WFD, data intense an
site verification Fully documented [Riverand (Low, tool Some services|referring to German
and in German; some [floodplain |operates on very|can be policy documents and
RESI Quantitative measurements |yes ambiguities remain|scale precise local datgmonetized databases https://www.resi-project.info
In development, will
offer spatially explicit|
High to develop maps of ecosystem
Quantitative, new case studieq Site to Low until global gBiophysical service trade offs;
uncertainty through |low for existing landscape |national models |values, can be [tested in England, |https://ecosystemsknowledg
EcoServ-GIS varying inputs case studies yes Under developmeniiscale are completed monetized Scotland and Wales |.net/ecoserv-gis
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3 RESULTS

31 ¢KS 20200F6S1 5FrY t2ftlyR
¢tKS 20200 86S1 51 YtheiiderVisl®kn &7R85® ifi CénabFDINdd. The dam,
constructed in 1968, creates a large dam reservoir of 70?4kmmiace area. It was built dise first part

of a 10 large reservoir plan at that timéut hasremaired to datethe only onebuilt. The dam was
equipped withsixelectric turbines (Kaplan type) and a technical spepl fishpass.

¢ KS 2 02 OuthesNBeszavBalR¥servoiligure 3 was to reduce the risk dfuvial flooding to

GKS / AGe& 2while pravitieOetidrgy $hehe local users and triggering tourism and water
transport. Ithoweverhada crucial impacion migratory fish species, as tidam cut off the majority

of the river Vistulacatchment that was the main hiwrical spawning groundbr sea trout, Atlantic

salmon, vimba bream and sturgeon. However, sturgeon and Atlantic salmon became extinct in the
Vistula River catchment even beforlee2 02 OO 6S1 5FY 02y aiNHzOGA2Yy RdzS
loss of spawning grounds. Populations of sea trout and vimba bream declined dramatically after dam
construction. Species composition and abundance of local fish assemblages also significantly change
(https:// amber.internationalportfolio-item/the-wloclawekdam-poland)).

Figure 3Thez U2 O U ¢ 6chtedmh the river Visula, Poland.

The goals of the construction were rfoly achievedand there are ambiguities related to its overall
AYyTtdzSyO0S 2y GKS OFiGOKYSyidod ! f{iK2dAK Al aA3IyATFA
influence on agricultural production is difficult to prquee. it both supplied and drained agricultural

land over its historydepending on land location. It does contribute to energy production, however
simultaneously imposed tremendous risk to downstream settlements because of bottom erosion
caused by the dam, which endangered the construction of theidraFinally,constructiondestroyed

habitats of species protected under the Habitat and Bird Directives and those located downstream are
continuously threatened by dam operation, while it has never positive influence on tourism.
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To prevent the danfailure, the water authorities created a stabilizing stone ramm meters high

500m below the dam to prevent bottom erosion. This slowed downdtesion, butcreated a new

obstacle for fish migration, especially at low water flohM®w, there are plans to build a new dam

located about 20km downstream of the existing one to stop the bottom erosion and ensure safety of

the existing damA new dam and reservoir Wicreate an additional barrier for fish migraticiuyrther
StAYAYLFGA2Y 2F 0ANRAQ ySadAy3a FINBlFLa FyR Ylye gl

3.1.1 Natural Capital and Ecosystem services

¢tKS 20200F6S1T RSY2 aAGS Aa 20 G§SR Dbyggrichltarsl LX | Ay
land. Although Central Polanddgnselypopulated, the floodplain of theiver Vistula and its valley

remains relatively natural. They are covered either by exterajvieulture, mostly wet meadows and

forests or by areas under different conservation schemes from reserve to Natura ZB3@&xplains

why therelative pressureéndexremains low in proximity of the river and increases west and east. The

other gradient can be observed along the Ne8buth axisKigure 4. Lowpressureareas coincide

with areas of high importance for natural capitaid ecosystem service delivahat prove generally

sustainable management practiceBheareask N6 RAA0GNA 6 dzi SR | fyY2ad S@Syft
barrier impact zoneRigure SandFigure §.

The bigger hot spot patches appear in proximitytieé three big cities in the area: Nieszawa,
2 5200 S\ TheytBckstolrat@ral dapital correspond with ecosystem service donor areas
and reveahigh unusedpotential.

Relative pressure index

Figure 4. Currentpressure according to population, wildfire frequency, grazing intensity, agricultural
intensity, dam density, and infrastructure (dams, mines, oil and gas, urban) density.
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Relative total potential bundled services index

0 37575 15 km
T T

Figure5¢ ¢ KS Fff20F0A2y 2F LROGSYUGAlf &k@ananpdcizé¥ a S NIA
(natural capitahot spotg.

Relative total realized bundled services index

0 37575 15 km
reservoir/lakes L1111 1]

Figre6.¢ KS | £t f 201 GA2y 2F NBIftAT SR S02aeaidiSYy aSNBAOS
(ecosystem servickot spots.

17



D27.Overview of river ESS demand and delivery in selected case studies under different scenarios of climate change
and barrier management
June 2019 -
AMBER ProjectH2020- Grant Agreement &9682 AM BE R

Modelled delivery of ecosystem services reveadesvitch in relative contribution of services to the
ecosystem service bundles belpand along the reservoir as well atong the backwater area.
Howeverthe whole area of actual and historic floodplain is an important donor of ecosystem services.

The river Vistula maintaining its natural character (location of Natura 2000 habitats) below the
2 52 OUI ¢ S,jcontdbutékNfe $nNst to habitat formationral angling, ecological regulatipon
pollination, pest control, carbon sequestration, environmental quality and nabased tourism. The
potential services (natural capital) having the greatest contribution to the bundles are: water
provisioning services,am-wood forest products and inland fisheries both commercial and artisanal.

Considering the Nieszawa City reg{pnint 2 onFigure7 and Figure §, alsolocated downstreanof

0 KS 2 02 00 lagd@nsideled\aNiheddddtion of the new barrier and reservoir, there is a clear
indication ofhigh both potential and realized services. They are to be losh itase of the dam
construction. The service stock is higher than realized services. It psoopportunity for nonwood

forest products, water provisioning, and fisheries, while realized services include carbon
sequestration, wildlife services, timber and raood forest products. Interestinglpotential service

hot spots are located further ntr than realized ones.

SimilarlyAy GKS FFNBIF 2F GKS [/ BEribr Referénce sougc® bk fouSdind ¢ L2 A y
Figure §, the potential services that could be used include water provisioning, angling and fisheries

and grazing. The four actual most used services are fuelwoodwood forest products, carbon
sequestration and timber production.

The significant decline of lonatural capital and ecosystem services can be observed deftrede

2F GKS 202001 6S]7 wSaSNIB2ANXY LG NBadzZ Ga FNBY G(GKS
shape of the gutter lake with relatively fast flow (short water retentionapproximately5 days).

Whereas the left side area is flattened and rich in oxbow lakes, the right side bank is steeper with
limited influence of the reservoir ogroundwaterand habitats.

The natural capital significantly outweigtihe services realizedithin the direct impact zone of the
Reservoir (comparEigure 7and Error! Reference source navdnd., points 4 and 5 respectively). It
comprises norwood forest products, water provisioning, inland commercial fisheries and inland
artisanal fisheries value, hazard mitigation, hard and softfoed, hard and soft commercial timber,
wildlife services, grazing services and carbon sequestratiohe order of relative contribution to the
bundle.

Thee are relatively fewservices delivered by the reservdiself (point 5 onFigure 8§, andthose
include energy production and limited extemd transportation (both not considered by
CostingNaturg fuel wood and nosmwood forest products play an important role and carbon
sequestrationisthe third mostweightedservice.The majority of realizedervicesareassociated with
0KS ySAIKOo2dZNK22R 2F 202001 46S1 @

There are two important disservices, not considereddnstingNature however, these arecrucial
from the perspectiveof reservoir management: accumulation of organic matter including toxic
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substances, andreenhouse gas emission. It has been calculated that organic matter accounts for
11.5% of dry mass of sedimentbat causes greenhouse gas emissiorapproximately400 mg of
methane for everyim? (aproximately841ml n?day?) (Trojanowska et al., 2009)

19



D27.Overview of river ESS demand and delivery in selected case studies under different scenarios of climate change
and barrier management
June 2019

AMBER ProjeetH2020- Grant Agreement #9682 AMBER

® carbon value index = carbon value index

® nature-based tourism index ™ nature-based tourism index
® water provisioning services index

hazard mitigation ecosystem services

® water provisioning services index

hazard mitigation ecosystem services
m hard and soft commercial timber value
® hard and soft domestic timber value

® hard and soft commercial timber value
® hard and soft domestic timber value
 non-wood forest products value W non-wood forest products value
® hard and soft fuelwood value W hard and soft fuelwood value

W grazing services W grazing services

minland commercial fisheries value
inland artisanal fisheries value
m wildlife dis-service (crop raiding, HWC) value

= wildlife service (pollination, pest control) value
= environmental and aesthetic quality value

® carbon value index

® nature-based tourism index

® water provisioning services index
hazard mitigation ecosystem services

®inland commercial fisheries value
inland artisanal fisheries value

m wildlife dis-service (crop raiding, HWC) value

» wildlife service (pollination, pest control) value

® environmental and aesthetic quality value

® hard and soft commercial timber value
® hard and soft domestic timber value

W non-wood forest products value

® hard and soft fuelwood value

W grazing services

®inland commercial fisheries value

inland artisanal fisheries value
m wildlife dis-service (crop raiding, HWC) value
u wildlife service (pollination, pest control) value
m environmental and aesthetic quality value

® carbon value index
= nature-based tourism index
™ water provisioning services index
hazard mitigation ecosystem services
® hard and soft commercial timber value
= hard and soft domestic timber value
m non-wood forest products value
 hard and soft fuelwood value
W grazing services
®inland commercial fisheries value
inland artisanal fisheries value
m wildlife dis-service (crop raiding, HWC) value
= wildlife service (pollination, pest control) value
u environmental and aesthetic quality value

B carbon value index

® nature-based tourism index

m water provisioning services index
hazard mitigation ecosystem services

® hard and soft commercial timber value

® hard and soft domestic timber value

W non-wood forest products value

® hard and soft fuelwood value

W grazing services

®inland commercial fisheries value
inland artisanal fisheries value

m wildlife dis-service (crop raiding, HWC) value

w wildlife service (pollination, pest control) value

u environmental and aesthetic quality value

Figure7. Ecosystem service bundles of theD 2 O Uhotgs$o] areas. Relative contribution of 14 ecosystservices to the weight of the hot spot area
according to the potential ecosystem service bundle index.
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There isa generally higher uncertainty of predictions of the precipitation variability due to climate
change than temperature in Poland. Temperature is less affected by local phenomena and is more
homogeneous in space, unlike precipitation, which can be more affdnydocal conditions such as
topography. For instance, winter and spring precipitation changes by ESD projections are expected to
be about 16% and 14%, respectively, whereas the-tmwaected DD projections indicate higher
increases of about 116% and Pa8respectively. An exception is made for winter, which shaws
similar order of magnitude Projected precipitation for autumn also differs depending on the
downscaling method. The ESD projections show almost no change8%%6n the ensemble mean

by 20r1¢210Q0 assuming the intermediate emission scenario, whereas the-dwa®cted DD
projections suggest an increase of about 7% in monthly sums of precipitation, with a range between
23% and 117%Viezghani et al., 2019)

CostingNaturemodelling showedh decrease oMay precipitation by 204221000f around 510%in

0KS gK2ft S 2 02T00sungnen predifitafidn asyto increase by around 10% below the

2 52 OO0 ¢ S Finallyth&laudurBn\akecipitation is not showirgmajor difference for the upper

202001 6S] NBIA2Y YR at A3aK({ (ARGEAGNBI &S Ay LINBOA LK

A forecast made by boththe dynamical downscaling and EEDBmM based projectionsuggess
increasing temperature in the futuracrossPoland. The annual mean temperatuire Poland is
expected to rise by 1.0 and 2@ for the period 2024.50, and by up to 4.%C for the period 2074
2100, assuming the R@M and RCB.5(Mezghani et al., 2019)

According to Co$tingNature predictigneemperature will not show bigger deviations from the
baseline forthe period 20412100. Oraverageijt is to increase by about2°C Figurel0).
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bory

Figure 9. The change in mean monthly precipitation for May, July and September, respectively, in the
20200F6ST FNBI.OAY YYKY2YGK 220
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in September

A __Change in mean monthly temperature (deg. C * 10 %

Figure 10. The change in mean monthly temperature for May, July and September respectively in the
252001 6S]7 FNBIF oO0Ay RS3ID / Ffmn 5200
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Considering the location dfoth climate change and ecosystem service delivertgpots the overlap

Ad 20aSNWSR Yz2adfte Ay GKS FNBIF 2F (KS RANBOG OF
impact zongFigure 1). As no adverse effects of climate change are projectedher natural capital

nor realized services are exposed. In Manecipitation isprojectedto slightly decreasehowever,
temperature is to stay similar to the baseline. It nzalverselaffect water balancas a consequence

2F &dzZLISNAYLRASR SFFSOdGa 2F t26SN) LINSBOALMGE GAZ2Y
operation can play an important role in stabilizing water conditions above and below the barrier.

In summer conditions are notprojectedto vary significantlywhichis importantasit is a stable

dAddzZ GA2y 0St2¢ GKS 2 02 @ioh in@echss may e cBrivddnsateNa® 2 SO S|
the disturbances of the Vistula flows caused by the dam. Services like crop production, water
provision, habitat provision, timber and nemood forest production or carbon sequestration may be

even better supportedyy positive water balance (precipitati@evapotranspiration).

The impact of climate change on ecosystem services may be more negative in autumn. The
temperature is projected to increaseby approximately10% while precipitation will dropby
approximately 3%. Increased temperature will cause extension of the vegetation period while
precipitation may not be enough to support ecosysteigain,however, the climate impactzones

and ecosystem service tggots ovelap mostly around the reservoir backwater ardaismeans that

dam operation will planimportant role in sustaining the services.
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Relative total realized bundled services index

Figurell. Areas within the 0 2 O UDem&niost affected by effects of climate charforerease of temperature vs decrease of precipitatioklay, July ad
September respectively vs haptots ofecosystem serviceelivery.
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The riverGuadalhorcas 149 kilometres long and is the longest river in the southern basin. There are

five reservoirs in the Guadalhorce catchment, with little distance between them. They were built in
different years to supply water to the city of Malaga d@adhe cropsoD dz Rl f K2 NOSQa @+t S
water flow and provide electricity to the city via four hydropower stations. Count Guadalhorce
Reservoir is in theiver Turén and GualdaltebaReservoir is in theiver Guadalteba. Both rivers are

tributaries of theriver Guadalhorce There are three other reservoirs in thiever Guadalhorce
Guadalhorce Reservoir (connected to the Guadalteba Reservoir when there is a high level of water in

both reservoirs), Gaitanejo Reservoir and Tajo de la Encantada Reservoir.

The conseqgence of damming of the Guadalhorce River is an irregular flow regime, characterized by
severe droughts and flash floods that have caused extensive damage in recent years. River engineering
and flooddefenceshave been built at the city of Malaga to minimilooding risks, butdams and
reservoirs also reduce the characteristic Mediterranetimate droughts.

The main economic activities in the region are agriculture and tourism. Guadalradleg has 10,000
hectares of crops and the population of the region increasgsificantlyin summer. Therefore, water
supply, hydreelectrical power and recreational activities are necessary and provided by these
reservoirs. On the other hand, the cogativity alongthe river Guadalhorce and its tributaries has
been interrupted by the multiple reservoirs and associated power plantéhttps:/
amber.international/portfolo-item/river-guadalhorcespain/)

¢tKS OFGO0KYSyld O2yidlAya Ylye StSySyida 2F az20Alf

/' FYAYAG2 RSt wSeQr | ylIaGdzNIf FyR (2dz2NRARaiAO NERdzi S
Special Protectionr&a (SPA) for migratory birds with relevant dune vegetation which contains species

that are almost extinct from other littoral places of the region; and the Phoenician archaeological site
1y26Yy ad W SNNB RSt +Af I NIdag®ihthaéBiCicatdldgue. I a 'y Sf ¢

The Guadalhorce is the most important river in Malaga, both in terms of its length and the size of its
catchment arealt has a vast basin of 3,160 kmoovering almosteved S 2 A NJ LIK A O ¢ I NBF 2
territory. Two other important tributaries of the Guadalhorce are the rivers Guadalteba and Turén.

The former is joined by incipient streams that spurt from the easternmost foothills of the Serrania de

Ronda and, from this pof on, it flows through another part of the Intrabaetic Basin, surrounded by

small limestone mountains and nerrigated land, representing one of the most interesting
agricultural landscapes of the provincial geography.river Turén, on the other handeeds on some

2F GKS gl 0SNFFEfa FNRBY w2yRIQa { LI YyAAK FTAN T2NB3
and flows through very different environments before lending its waters to the Conde de Guadalhorce
reservoir. The mouths of the Tur@nd the Guadalteba on the Guadalhonere linked together in

the 20th centurythrough2y S 2F | yRIFf dzaAl Q&4 Y2ad AYLRNIIFIYyGd K
surroundings(Diputacion de Malagaa + f I 31 Qa wWAMSANA . D A&sAVY aRPS  at £ | 31 Y
Basin$ built to generde electricity, water crops or supply the cities, such as the reservoirs Conde de
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Guadalhorce, Gaitanejos, Guadalteba, Guadalhorce, Encantada Superior, Encantada Inferior and
Casasola. Furthethe watercourse crosses the lands of Archidona, where it cattve Garganta del
Guadalhorce gorge through limestone, clay and gypsum. It then runs from west to east through the
Depresion de Antequera. Downstream it supplies weirs, irrigation streams and irrigation canals
distributed mainly in the Hoya de Méalaga tgpport the agricultural and livestock industries. This area
produces potatoes, onions, asparagus, and different types of grains. It subsequentistnesSierra

de Huma and the vast alluvial plains of a group of villages belonging to the Valle del Guadalhorce
region, known for its fertile farmland, mainly used for irrigated crops and citrus trees.

The area where the reservoirs Conde de Guadalhoremd@teba and Guadalhorce meet ds
recognized leisurecation,with tourist centres andacilities forwater sports and climbing

The agricultural uses and tourism development dediddocation of the pressures within and around
the Guadalhorce Demotration site fFigure 12, mostly upstream of the Conde de Guadalhorce
Reservoir an@GuadaltebaThe riverGuadalhorce, EI Caminho del Rey, #ralandscape park of the

Paraje Natural Desfiladero de los Gaitanes also subject of pressures but of less intensity

The areawith the highest index of potential ecosystem service bundles is located between three
reservoirs: Guadalhorce, Guadalteba and Conde del Guadalffaguee ). It covers theareaof the El
Mirador de los Tres Embalses: located at the confluence between the reservoirs of the rivers Turon,
Guadalteba and Guadalhorce, and the Mirador des Embalseg.milee up the hydrological network

of El ChorroFurther,the area extends towardfie walkwayEl Caminito del Rey and the Los Gaitanes
gorge.The area of realized ecosystem servicaseeds the one indicated as a bpot of natural
capital. It developsmuch further east southeastand southtowardsthe Valle de Abdalajis, Bermejo

and ArdalesKigure ). The weight of seliees in the bundles also differs between potential and realized
ones.
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Figure 12. Current pressures in the Guadalhorce Demo @itarked with black lineaccording to
population, wildfire frequency, grazing intensity, agricultural intensity, dam density, and
infrastructure (dams, mines, oil and gas, urban) density.

- |Relative total potential bundled services index

@ High PES examples 0 1 2
Jige gy Qey g p

Figure 13. The allocation of potential ecosystem service bundles witienGuadalhorce e@mo area
marked with black lingnatural capital hatpots).
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Figure 14. The allocation of realized ecosystem seevbundles within the Guadalhorcesiho area
marked with black lingéecosystem service hgpots).

Among potential services notrédal SR 6 A (1 KA Y (spof thétdareSrvaiod i K 2 i
products, fuelwood and timber production (pointardd 4, Figure 15, water provision (points 1, 2, 3

and 4,Figure 19, hazard mitigation (point2 and4, Figure 13and carbon sequestration (pointsa®d

4 Error! Reference source not found.Also commeeial and artisanal fisheries appear as significant
components of natural capital but naignificantecosystem servicgpoints 2and 3, Figure 150 be
compared witterror! Reference source not foundWildlife disservices appear to be important
aspects in the area of the El Mirador de los Tres Embalses, among disservices forest fires, lack of water
and erosion have been pointed out as tm®st important problemgIMA, 2006).

Among realized services, infalur hotspots, naturebased tourism and environmental aesthetics play
akey role Error! Reference source not foundnd dominate the ecosystem service bundi€ke third
important service is grazing, but only on the left side impact zone of the Guadalhorce reservoir and
along theriver Guadalhorce (point ,2Error! Reference source not foundand hazard mitigation
upstreamof the Conde del Guadalhor¢point 4,Error! Reference source not found.
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Spain lis in an area of special climathange vulnerabilityln Spainannual averagéemperatures,
especially minimum temperature, have increased overltstcentury by around 1.% (Fernandez
Gonzélez, 2005The data showa continuous warming and a 20%crease in summaegrecipitation

with high uncertainty of winter precipitatio@PCC, 20077 general decreasing trend is detected in
the spring.Similardecreasing trends have been found in other areas of southern Europe, in rough
agreementwith the most general GCM estimations for the Mediterranean area.

The thermal evolution of the seasonal maximum temperatures shows an outstanding warming
spring, about 2C, but the amplitude of the changes is smaller in autumn and winter (abilit
Minimum temperature shows similgbut less pronouncefluctuations the total warmingamplitude

in the 20th centunyisaround FC. The mean temperatures in Andsia have changed in agreement
with those of the IberiarPeninsula, characterized by a warming in the 20th century in two periods
one in the firsthalf of the 20th century and the second one starting in the 19@@sstreDiez, 2007)

Downscaled results of Co$tingNature fan A2 scenarioforecast shows adecline of spring
precipitation on the edges of Guadalhorce demositeapproximately40%, with arounda 50%
decrease in the central area ftire 2041-2100 horizonigure T). Forsummer the forecastthanges
reachedl.7-2mm of rainfall monthly and appeared to be uniformly distributed across the area.
Autumn precipitation is to increase by up to 8% at the edges of the demositelaredecrease in its
centre.

The temperature is ijected to increase evenly throughout the whole area. The change is
estimatedo be around 23% ispringtime 40% in summer and2-25% in autumrcompased to the
baseline(Figure B).

Consideringhe overlap of location ohotspotsof natural capital and ecosystem services and the most
severe climate change impact, potential services are more exposed to changes in water balance than
realized servicesAdditionally,natural capital is more linked with availability of watésr example,

carbon sequestration, water provision or wood and aeood forest production. Dominating
ecosystem servicesnature-based tourism and aesthetic valuare mostly dependent on landscape
features and infrastructure, which are leaginerableto climate variability(Figure 19.
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&

Change in mean monthly precipitation (mm/month %) in

Figurel?. The change in mean monthly precipitation for May, July and September respectiv
the Guadalhorce demo (in mm/month % for May and September and mm/month for July d
lack of other information).

34



D27.Overview of river ESS demand and delivery in selected case studies under different scenarios of climate change
and barrier management
June 2019

AMBER ProjectH2020- Grant Agreement 89682 AMBER

A Change in mean monthly temperature (deg. C * 10%) in May
i z = £

Figurel8. The change in mean monthly precipitation for May, July and September respectively in the
Guadalhorce demo (in mm/month % for May and September and mm/month for July due to lack of
other information).
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i T - S
Figurel9. Areas within the Guaalhorce &mo most affected by effects of climate chandday, July ad September respectively vs tspiots ofecosystem
serviceglelivery.
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The Neckar River Basin (ar&d 000km) is located in the southwest part of Germany and is a tributary

of the Upper Rhine. The elevation in the Neckar catchment ranges from 1020 m a.s.l. in the Black
Forest to 78 m a.s.l. at Mannheim; the mean value is 435 m a.s.|. The precipitatiza region is
strongly maodified by the local orography. The Neckar is the principal tributary of the Upper Rhine,
rises in the eastern Black Forest and is 367km long. It is the river with the largest catchment in the
Federal State of Badewirttemberg,southwest GermanyThe Neckar RiveraMey is an example of

the utilization of one of the smaller rivers for a variety of purposes in providing the needs of the
resident population. In earlier times these needs were water transport, potable water suyolsg-h
electric energy, agricultural water supply, dilution and disposal of waste water, cooling of thermal
power plants, as well as providing zones of retreat for relaxation and leisure activities along the river
banksGiesecke, 2009 urrently the Neckar istill navigable from Plochingen at the inflow of the Fils
(km 202.5) to Mannheim (at the rivenouth) and beside the rivers Rhine and Main, it is one of the
three main waterways in BadeWwirttemberg. Several industrial centres are situatedhie Neckar

Basin around Stuttgart and Mannheif8udhauset al., 2008) The River is used by more than 8,000
barges a year, trangpting coal, gravel, scrap arstheduled transportfor example high quality
automotive products in more than 20,000 Contaiger

The federal government is responsible for the Neckar as a waterway. The adjoining areas such as the
bank area belong to the municipalities. Both have different and often conflicting tasks
(https://www. my-favourite-river.de). Forexample the use of brooks and rivers to generate electricity

from hydropower has been the subject of bitter dispute for years. Fishermen and nature
conservationists emphasise the considerable impairments associated with the use of hydropower in
natural water sysms. For those in favour of hydropower, the advantages of electricity generated
without CQ emissions far outweigh the ecological disadvantages against the background of incipient
climate change.

Those in favour of hydropoweaire also calling for the lamst possible expansion of hydrawer on

the watercourseasit is still the most important renewable energy sourcétia BaderWirttemberg
region. At the present time, sinceclimate change has increasingly gained media attention, the
guestion of the futue use of our waters for power generation has been raised in sloays In fact,

ideas have recently been developed to use unused transverse structures on the Neckar and its
tributaries for hydropower, and to dam up freflowing stretches of water and réiae new locations

for hydropower plants. Up to now, new constructions of transverse structures have generally been
rejected by the Water Management Administration with reference to the ecological damage and the
objectives of the WFDevenwhenthe political pressure on the administration increases. As great as
the need for action to mitigate climate change is, the potential of hydropower in Bédiéttemberg

must be viewed with considerable scepticism. There is no doubt that there are a large number of
artificial transverse structures on the state's water network that could theoretically be used to build
small hydropower plants. Due to their height of fall and water availability, these plants could probably
only make a minor contribution to avoiding £ a pilot project funded by the Federal Environment
Agency and supported by the water management administration of the state of BAtlgtiemberg,
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the office on the river in Plochingen is developing and testing an alternative funding model for a
network ofseveral operators of small hydropower plants together with Deutsche Umweltfitfe.

aim is to enable several operators to benefit from increased feadriffs under the EEG, even if the
measures are not carried out at all plants bzdncentrate on ecologically priority locations and
waterways(Wotke et al., 2008)

The Neckar catchment has a size of 14000kmd covers 39% of the total area of Baeden

2 NI G S, hbaBitsdby half of the state populatioihe numerous intense uses thie river and

its catchment led to current challenges including: high demographic and industrial density, water
demand and supply, water quality issues, and groundwater shostaglated to the geological
structure of the areai.e. karstified shell limestone. Additional pressure is caused by a need for flood
control which should benitigated throughsecuring water quality improvement and restructuring of
river banks (over 40% of thiéver length is considered as artificiglpiesecke, 2009)

CostingNaturemodelling confirmed high pressureriginating from urban development, thus
occurring mostly in the MannheirHeidelberg region,.udwigsburg, Bad Cannstatt and Stuttgart, but
also fromcitiesassociated with agricultural areasigure 20).

The natural capital hotspots are located mostiythe forestel mountains of the northern part of
Baden Wirttembergand the southmost part of the Hessen regi@md along théNeckar Rivefrom
Heidelberg to Mosbachrhe other hospot is a forested region east from the City of Esslingen am
Neckar Figure 19.

The realized services bundle index reaches the highest value in the Neckar floodplain between
MannheimandHeilbronn and along théver Kocher. It is also high in the southernmost edge of the
Demo site East of the Neckar and South from the Fitgite 20.

The natural capital is relateid hazard mitigation, water provision, fishieries potential and non wood
forest products (points -B, Figure 23. Hazard mitigation is the most important component of the
potential ecosystem service bundles iretRlannheimregion. Water provision took first place in all
the other hotspot locations.

Thekey contributors tchotspots of realized servicese commercial fisheriesppints 1 and 2 Figure
24), nature (oint 1, Figure 24 and culturebased tourism goints 3 and 5,Figure 24. Hazard
mitigation potential service is realized jiint 5 (Figure 24, while fuel wood and nowood forest
products are kg services of the bundle in heyiot 4(Figure 24.

Thedistribution of natural cpital and ecosystem service fsmots coincides partially with the areas of
high environmental pressure. That refers mtépot areas around points3 and 5 and 6 of the natural
capital distribution mapKigure 23and 1 and 6 orthe ecosystem service mapigure 24.

The services demanded by society but not delivered by the river (neither present as potential service)
are water related recreation and habitat creati(@iesecke, 2009)

38



D27. Overview of river ESS demand and delivery in selected case studies under different scenarios of climate change
and barrier management
June 2019

AMBER ProjectH2020- Grant Agreement 689682 AMBER

A i Relative pressure index

wildfire frequency, grazing intensity, agricultural intensity, dam density, and infrastructure (dams,
mines, oil and gas, urban) density.

[ neckar shape

Figure 21. The allocation of potential ecosysteservice bundles within Neckaenho area (natural
capital hotspots).

39



D27.Overview of river ESS demand and delivery in selected case studies under different scenarios of climate change
and barrier management
June 2019

AMBER ProjectH2020- Grant Agreement 89682 AMBER

[__J neckar shape

Figure 22. The allocation of realized ecosystem service bundles within Néekao area (ecosystem
service hotspots).
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Figure23. Ecosystem service bules of the Neckar demo site rgpiot areas. Relative contribution of 14 ecosystenviees tothe weight of the hospot area
according to the potential ecosystem service bundle index.
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