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1 Preface

The importance of biodiversity, natural capital and healthy ecosystems and the services they
provide has increasingly beacknowledged in diverse policy initiatives (e.g., EU Biodiversity
Strategies 2020 and 2030, Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES), Natural Capital and Ecosystem Services Accounting (e.g. SEEA EA),
Intergovernmental Panebn Climate Change (IPCC) and Convention on Biological Diversity
(CBD)).

¢KS 9! 1 2NAT 2y wSaSkNOK | yR LbfAsé®add sistaipale! Ol A 2
RSOL&aA2ya 062dzi b! ddzNI € OF LIAGEEE o0{9[Lb! O ]
that can be harnessed by different stakeholder groups to support transfommahange in

the EU, to halt biodiversity decline, to support ecosystem restoration and to secure the
sustainable supply and use of essential Ecosystem Services (ES) in the EU by 2030.

SELINA builds upon the Mapping and Assessment of Ecosystems and their Services (MAES)
initiative that has provided the conceptual, methodological, data and knowledge base for
comprehensive assessments on different spatial scales, including tvadelassesment

(Maes et al. 2020) and assessments in EU member states. Knowledge and data for different
ecosystem types are increasingly available.

¢tKS 20SNIftt 202SOGAQS 2F 22N] t+FO1F3IS 62t0 n
is to refine the ES knowledge base that is available from prior EU Actions by diagnosing,
developing and testing the capabilities of ES assessment approaches, models and indicators

that increase the likelihood of uptake in decisioraking.

¢tKS 5StAPSNIofS 5ndH  a5-adzENI2BI A OF RIFO O A (iYA2SRAS
results of a diagnostic exercise of ES model applications in SELINA Demonstration Projects
and Test Sites. This includes an application and refinement of diagnostiklisks for ES

model applications with the goal of assessing their fitness for uptake in decsmport, a
presentation of best practice cases of ES model applicatiordistinct typesof ecosystem

services, and a presentation of draft Terms of Refeesfor ES model applications optimised

for decisionsupport.




2 Summary

The growing number of ecosystem services model applications is justiffécl?bR St & Q | 6 A f
to provide information on the interrelations between human activity, ecosystem functioning

and societalvellbeing. This information can potentially aid stakeholders in improved public

and private decisioomaking on the management and restoration of ecosystems. However,
literature reviews show thatocumented uptake of ecosystem services model applications in
decisionmaking processes igmited. To improve the likelihood of uptake of ES model
applications in decisiemaking, SELINA Work Package 4 has adopted a diagnostic approach

G2 laasSaaiay3da 9{ Y2RSt | L¥ippbrOThis SELINA Deliv@rdble( I 0 A f
4.2 technicalreport presents the results of work done to diagnose a range of ES model
applications for their suitability for uptake in decisisapport.

The work presented in this report builds on Deliverable 4.1, in which a set of diagnostic
checklists was presented across a range of topics judged to increase the likelihood of uptake.
These checklists were developed by a combination of literature reviéwguidance
documents on ES assessments and expert judgement of SELINA consortium members. They
cover the following topics:

Inclusion of ecosystem condition variables in ecosystem services models
Ability to assess ecosystem services capacity, potential, supply and demand
Spatial and temporal scaling and resolution capabilities

Inclusion of uncertainty analysis and information costs

Social benefit compatibility

Health benefit compatibility

Economic valuation compatibility

Following the development of these diagnostic checklists, ecosystem services groups were
formed, consisting of SELINA consortium members involved in ecosystem services modelling
applications in Demonstration Projects and Test Sites. Each group was facuaegpecific

group of ecosystem services. The aim of these groups was to test the diagnostic approach on
realworld modelling applications, to define best practice examples within their group that
show high likelihood of uptake using the diagnostic appand to develop draft Terms of
Reference for uptakenabled ecosystem services modelling. This report presents the results
of this work, including begpractice examples and draft Terms of Reference for improved
decisionsupport capabilities, producedyleach of the following groups:

Hydrological and water quality related ecosystem services
Climate and air quality related ecosystem services

Amenity and recreation related ecosystem services
Agriculture and forestry related ecosystem services

Fisheries, aquaculture and marine harvest ecosystem services

The report further describes the learning points taken from thiegnostic process, the
planned steps forward towards developing common Terms of Reference in collaboration with
SELINA stakeholders, and the contributions of the findings from the work to knowledge
building across SELINA.



3 List of abbreviations

CBD
CICES
CoP
COo
DP
DALY
EC

ES

EU
IPBES

LULC
MAES
NRL
SEEA EA
TS

ToR

Convention on Biological Diversity

Common International Classification of Ecosystem Services
Communities of Practice

Carbon dioxide

Demonstration Project

Disability Adjusted Life Years

Ecosystem Condition

Ecosystem Services
European Union
Intergovernmental
Ecosystem Services
Landuse / Lanecover

Mapping and Assessment of Ecosystem Services

Nature Restoration Law

System of Environmental Economic AccountiBgosystem Accountin
Test Site

Terms of Reference

ScieneRolicy Platform on Biodiversity ar




4 Introduction

4.1 Ecosystem services models and uptake

Models for assessment and mapping of ecosystem services (ES) are increasingly used (Chan
& Satterfield, 2020) and integrated into institutional frameworks as useful information
sources for decisiomaking (United Nations, 2021). ES modtscally estimatea quantified

flow of ecosystem services from a study area, either in biophysical units alone, in monetary
terms, in other measures of societal benefit, or in a combination of these. They can come in

a variety of forms, depending on the purpose and scopthe model design. For example,

some are based in ecological modelling, such as phenomenological models -dvasedt
models, some are based on hydrological modelling of flood risk, and others are based on
modelling socieeconomic interactions, such asavel cost analysis. THEIAES Methods
Explorergives an overview of the breadth of models used for ES mapping and assessment.

The main argument for the usefulness of ES models is that increased knowledge of the role
that nature plays in our economic system and in broader societal wellbeing helps to steer
decisions in airection that maximises economic and social welféaa&ing into account the
valuesthat ES provide societylhis trend has led to increasing numbers of ES modelling
applications being performed in a variety of decisiaaking contexts (Brander, de Groot et

al. 2024). However, recent literature reviews have shown that the vast majority of ES
assessments do nafearlycommunicatehow theyare relevant for policyliterature reviews

in the IPBES Values Assessment found tbhas than % of ES studies have reported
documented uptake of their findings in decistaraking Barton et al.2023, Termansen et al.
2023. If ES modelling applications are to play a useful part in deesipport, the enabling
factorsfor this need to be clearly defined and feed into guidance on best practices for ES
assessment for increased likelihood of uptake in decigiaking.

The SELINA project builds on previous frameworks for mapping and assessment of ecosystem
services (MAES), ecosystem accounting and the IPBES plural valuation to advance the use of
ecosystem services models to infoinstrument design and decisiesupport in policy and

LX I yyAy3dd {9[ Lb! Aa 2NBI yAIESRgind stakebolders; B & G NI v
Understanding ecosystems and their services anthférming decisions on the ground in
demonstration projects. This report provides examples of how clarification as&Ssment
purposed a NI YR /0 Aa YSSRSR FT2NJ WwoSad LINFY OGAOSQ
is written from the perspective of SELINA researchers as ES assessment practitioners or
suppliers of knowledge.

SELINA DA4.1 presented the results of a literature review of 111 guidance documents on ES
assessment, which together with expert assessment from the SELINA consortium led to the
RSOSt2LIYSYyd 2F RNITFO OKSOlftAada FTaNdemRAl Iy23
decisionsupport. This literature and expert judgemenhased approach clarified the
importance of the role of conditioenabling ES models for improving decissupport

capabilities. In addition, a manuscript for a scientific publication cutyamder development

in this Work Package indicates how improving model performance across these diagnostic
topics can reduce uncertainty of the model outputs and their relevance for deessipport.


https://database.esmeralda-project.eu/home
https://database.esmeralda-project.eu/home

This report presents the results of a diagnostic exercise, in which SELINA Demonstration
Projects(DP and Test Site€T' S)applieddiagnosticquestions across 7 study design togics

a range of ES model applicationghe aim waso revise, consolidate questions intiraft

template Terms of Reference (ToRat canbe usedt® 2 Y'Y A & & A 2 Y bebtgfdRticl®RS a A 3y
ES modelling for improved decisisapport. These ToR define how to apply ES models most
effectively for decisiorsupport by supplying guidance in the form of checklists on the choice

of methods, input data, and links of the output to decisimiaking infemation needs. This
diagnostic approach takes as a starting point the draft checklists for ES model diagnosis as
developed in D4.1. These were then tested on specific ES model applications within five ES
groups. Each of these groups focused on a speygjiie bf ecosystem services.

By diagnosing real world ES model applications using the diagnostic approach, each of the ES
groups produced revised and improved diagnostiecklists andvas then able to present
bestpractice examples of ES modelling applications for decsipport. The final output of

this exercise was the creation of draft Terms of Reference for ES assessment design, based on
the refinement and revision of the chedts by applying them to real world ES model
applications.

A more detailed description of the methods usegiissented in the following chapter.

4.2 Objectives

The work presented in this report has the overarching objective of creating a knowledge base
for guidance on enabling ES models for decisigpport, by starting from the latest statef-
the-art on the links between ES model design and likelihood of uptakkecisiormaking,
diagnosing ES models in collaboration withadDBT Srepresentatives and drafting a template

for best practice applications of ES models for decisigpport. The results of this diagnostic
exercise will allow for creating guidance that gives government and businesses the
capabilities to commission appropte ES model applications to meet the reliability
requirements of different generic decisiesettings within the policy cycle.

This objective can be broken down into the following operationalisedadjéctives:

- Torefine the diagnostic approach for ES model decisigoport capabilities by testing
and revising diagnostic checklists in model applications across five ES groups.

- To provide one or more best practice examples of ES model applications for each ES
group.

- To develop draft Terms of Reference for improved decisigoport of ES models,
based on the revision of the diagnostic approach and the findings from best practice
ES model applications in the ES groups.

10




4.3 Place in SELINA

¢tKAa 5StAPSNI o6t S A aSthnd B(UrtidrsRidifigecasyistent nd ihgir { 9 [ L
services) that further develops our knowledge on how to choose and apply ES models for best
decisionsupport capabilities. Building on the knowledge building workiask 4.1 draft

¢SNX¥a 2F wSFSNBYOS 46SNBE RSGOSE2LISR Ay | 0O2ff
Demonstration Projects. These draft ToR will be further developed into general guidance on
enabling ES models for decisisapport inTask 4.3oby synhesising the work presented in

this deliverable with stakeholder decisisupport needs identified in the Communities of

Practice (CoP) iWP2,leading to cecreated ToR for different stages in policy and project
management cycles. The contributions of stakeholder decisupport needs from the CoP

also serve as documented uptake for the best practice ES model applications. These ToR will
feed ino the Framework for Integrated Ecosystem Assessment under developmdiaisin

6.4 as methods for designing antegrated ecosystem assessment. The ToR will also be
included in the SELINA Database, developedask 6.6.More information on how this
deliverable contributes to knowledge building in SELINA can be found in Chajpter @ext

steps of WP4 and the SELINA project will validate study design recommendations discussed

in this report with stakeholdersn Communities of Practicemphasizing strand A.

4.4 Relevance for decision-support

The results of the diagnostic exercise presented in this report serve to provide the basis for
guidance on how to apply ES modelling for decisiopport. By testing the diagnostic method

in practice in applications that have active decismaker particigtion, the results show how

decisions in nature restoration and ecosystem management can effectively include
knowledge on ecosystem services. By linking ES model applications to different stages in
policy and decisiomaking, knowledge generated by modedjiecosystem services can be
effectively applied to inform agenda setting, policy formulation, policy adoption, policy
implementation and policy evaluation. Providing information on ecosystem services across

this policy cycle can help steer society to t@iag the goals set out by the Kunmivpntreal

Df 260l f . A2RAGSNRAGE CNIYSg2N] FYyR (GKS AYLX SY
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5 Methods
5.1 Method for Diagnosing ecosystem services model applications

5.1.1 Diagnostic checklists

The starting point for defining begiractice ES model applications was a series of checklists
presented in SELINA D4.1. These checklists were developed using a literature review of 111
guidance documents on ES assessment and expert assessment by SHidbiliuoo
members. Their aim was to define the requirements for ES model applications for enabling
effective decisiorsupport according to the current stataf-the-art. The checklists were
grouped in seven diagnostic topics, each of which represented adhtbat was judged to
increase the legitimacy, salienaaedibility,and timeliness of an ES model applicat{&ig.

1). Table 1 gives a description athe seven diagnostic topicand their links to decision
support.Fig.2 gives an overview dheir interrelations. This figure highlights the inclusion of
ecosystem condition metrics in ES models as a key enabling factor in optimising model
applications for decisiosupport, as well as the overall goal of reducing uncertainty about
outcomes of E&ssessment.

“—| Draft Terms of reference
2=| (ToR)
2. Define the 3. Establish the 4. Choose and S:Communicate
> iy o I | results to inform
et decisions
H y - i I
study level ES specific study level
LEGITIMACY SALIENCE SALIENCE CREDIBILITY LEGITIMACY
PROCESS (RELEVANCE) (RELEVANCE) = (ROBUSTNESS) ' TIMELINESS
DOCUMENTATION (RELEVANCE)

(RESOURCING)

CROSS-WALK TO IPBES UPTAKE CRITERIA

Figurel: Diagnostic topic checklists were classified according to the plural valuation steps
recommended by the IPBES Values Assessment (Termansen et al. 2023).

Tablel: An overview of the diagnostic topics and thieypothesisedinks to increased
likelihood of ES assessment uptake in decismaking.

Diagnostic topic name Links todecisionsupport

Inclusion of ecosystem Using indicators that describe the condition of the ecosystem in mod
condition variables in explanatory variables for generating ES can support setting policy t
ecosystem services  on restoring or maintaining EC by assessing effects on ES, as we
models evaluation of nature restoratioprojects to include effects on ES.

12




Ability to assess
ecosystem services
capacity, potential,
supply and demand

Ecosystem services capacity and potential are defined by ecosystem
and condition. Supply and demand include semtonomic factors
considering humaimature interactions that generate societal bene
Using knowledge on all these factors sepalat decisiormakers ca
identify bottlenecks and gaps and create targeted measures for e
them more effectively.

Spatial and temporal
scaling and resolution
capabilities

The potential supply of ES from an area is influenced by its surrour
Additionally, the location and timing of ES supply and ES demand car
Knowledge on the spatial and temporal dynamics not only reduc
model outcomeuncertainty butcan help decisiomakers set effectiy
targets by considering effects over space and time.

Inclusion of uncertaintyUncertainty in the model assumptions and accuracy of data input:

analysis and
information costs

outputs informs the risks of implementing or evaluating policy
combination with knowledge on the cost of generating ES informat
can be used to assess whether the benefits of eneffective decisio
making outweigh the costs of improving ES methods.

Social benefit
compatibility

Social benefits of ES include access to the basic materials of a g
required to sustain livelihoods, sufficient food, shelter and access to ¢
as well as health, good social relations and freedom of choice and ac
an ES model can inforrmahe wider social benefits of ES to society
how they are distributed over different groups, the societal effects 6
related policy and any social justioelated effects can be better integrat
into decisionmaking processes.

Health benefit
compatibility

Interactions with nature provide people with a variety of health benefi
an ES model makes explicit the links between access to natur
improved physical and mental health, it allows decisioaking to bette
assess the effects of improving the dition of and access to ecosyste
on human health.

Economic valuation
compatibility

ES can be valued in economic terms using a variety of methods, to
either the market value of a good or service provided by an ecosyste
an estimation of the value of the increase in welfare that an ES provi
an ES model includes estimatefsthe economic value of the ES, it allc
decisionmakers to justify the cost of ecosystem restoration by provi
guantitative estimates of the gained benefits, to analyse economic e
of policy alternatives, and to include economic distributioatiects intc
decisionmaking.

13
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ecosystem  — v _ potential, supply- J o _ valuation of
= demand assessment outcomes
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 — | increases information
v — | about outcomes of ES /

assessment

Figure2: A schematic overview of the seven diagnostic topics for which checklists were
developed in D4.1. This figure also shows the interrelations among the topics, with arrows
pointing from topics to those topics they enable or strengthen when applied correctly

5.1.2 Best practices for ES model applications and draft Terms of Reference

Following the development of the diagnostic checklists in D4.1, groups were formed
according to types of ES. Each of these groups consisted of representatives of DPs and SELINA
consortium members working in Test Sites that had access to model applicéhioEsS

relevant to that ES group. The table below gives an overview of the ES groups, the SELINA
partner leading each and the DPs and Test Sites involved in each of them.

Table2: Overview of ES groups, the SELINA consortium member leading the groups, the DPs
involved in the groups for testing models and defining best practices, and the geographic

NI} y3dS O2@0SNBR o6& (GKS 3INRdzZIJAQ 5t & I ypresetitSada { A
bestpractice cases in this report).

ES group Lead DPs represented  Geographic range in testing ES
SELINA models (DPs and Test Sites)
partner

T I I 1
Hydrological NIGGEAS DPO03, DP04, DP1 Austria, Belgium, Bulgaria, Cyprus
and water Czech Republic, Israel, Italy
quality
related ES

14




Climate and WU DPO03, DPO04, Belgium, Bulgaria, Italy, Poland,

air quality DP08, DP13, DP1 Austria, Greece, Denmark, Portug
related ES (including Azores).

[ I I I 1
Amenity and NINA DPO03, DP04, Belgium, Croatia, Denmark, Italy,
recreation DPO7, DP10 Latvia, Malta, Norway, Poland,
related ES Slovenia

[ I | I 1
Agriculture NINA DP02, DPO04, Cyprus, Denmark, Estonia,
and forestry DP12, DP13 Germany, Lithuani&oland,
related ES Portugal, SpainSweden

[ T T T 1
Fisheries, BEF DPO7 Latvia
aquaculture
and marine
harvest ES

The process of testing models and defining best practices in these groups was designed to be
iterative and inclusive, to allow for a broad variety of knowledge holders to give input into
the diagnostic process. Each ES groupaelfnised their method forefining the diagnostic
checklists and defining begractice example model applications.

Each group had the goal to present at minimum one best practice model application. What is
considered best practice can be study and context specific, which meant that for some ES
groups it was more useful to present multiple best practice examples, e&ahh
represents a specific decisk@upport context.

Fig 3 provides a general workflow overview of the diagnostic task that each ES group
followed. The diagnostic checklists developed in D4.1 were first applied to ES model
applications in the DPs an@Ss During this process, the checklists were revised and
consolidated based on applicabilityserfriendliness,and relevance to the tested model
applications from the perspective of their study. A common template for consolidation of the
checklists into draft TOR was used by all ES groumseix2).

15



Consolidation of check-list : removing redundancies across valuation steps . SELINA -

D4.1 Checkdlists are study or assessment level » D4 .2 Revised check-lists
recommendations... & draft ToR

Outcomes
v — <
Re o & j — Generic ES Study
onsolid v — | assessment level

ASOTOMAL CENT SAMD YORCS 30 W MSTIS

~ —| Draft Terms of reference
v —| (ToR) specific to ES
¥ —] modelling & mapping

<
|

FHgure3: Each ES group usagemplateto consolidate checHists into a draft ToR focusing
on ESnodelling& mapping relevant from the perspective of their study.

An overarching objective of developing Terms of Reference templates for ecosystem
service assessment is to increase likelihood of uptake by stakeholders.

The definition of best practice for an ES model application includes selecting the right
methods depending othe scaleand resolution of the available data, as well as the purpose

of the stakeholder commissioning the ES assessment. Previously the ESMERALDA project
provided guidance on selecting methods based on Tief3) df increasing data demands
(GretRegamey et al. @5). ES method tiers were determined principally by the site

specificity of data required for mappingig. 4).

Thee 1 Ecovystem (€} Governance Stem (GS)
g forest (7P e & protected areas
— »
Mteractions (1)  ————%  Outcomes (0}
p— y =
Ecosysiem Service (€5) < Usens () e
«.g flood regulation ©.g number of residents
2. Define the purpose
(o) b
i Tier2  fconystem (€} = Governance syitem (G3) .
«.a forest type, structure £ ®.0 1ones ot sk
Interactions (1)  ————" Outcomes (0)
CoomriamSarvice (65) ¥ < en v) NS
b @ g Nood regulation > .8 socal groups
i {
Tier 3 Cconpstem (€) Gowvernance System (GS)
© & forest condition * 0.8 protective infratructure
o~
Interactions (1) % Outcomes (0)
Ecosystem Service (€S) v Loy Usens (U)
g flood regulation «.g history of une 5.¢ i !
s Direct cousal link 77 Feedback to inform decisions

Figured: ES method tiers have previously been determined principally by the scale and
resolution (site specificity) of data required for ES mapping (lBlgSource: adapted from
GrétRegamey et al. 2015.
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https://docs.google.com/document/d/18-GHU_Nb2JqG1t_MVDOaSBlyfY9AU5Oz/edit?usp=sharing&ouid=108734562794071674407&rtpof=true&sd=true

ES groups were requested to revise and consolidate the diagnostic checklist questions from

D4.1 to arrive at a shorter anichproved listof questions The purpose of the questions is to

guide the commissioning and/or design of ES model applicatinat we define as a

GSYLIX FGS F2N) aG6SN¥ya 2F NBFSNByOSE o6¢2wi0d q
developing templateF 2INE M a 2F NBFSNBYy OS¢ FT2NJ RAFFSNBY

Building on ESMERALDAs method tiers approach, SELINA34CBN\ork aims talevelop
ToRtemplates that take into consideration the knowledge demands of different purposes of
ES assessment. Stakeholder expectations for reliability (credibility) of assessments are
expected to vary across a policy project cy€lig 5), depending on whether the assessment

is to inform, to designinterventions/instruments orto decideon actions/implementation.

This methodalso aligns with the methods applied iInSELINA W8 in which public
Demonstration Projects also assess their decision context within the frame of the policy cycle.

g and o6
o rpact evakuation crienon

Hgure5: Policy cycle and different purposes and requirements to inform, to design or to
decide in the scoping of the ES assessment. Source: adapted from Pascual et al. (2023).
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Figure6: the information requirements of ES assessments and their resource needs/costs
are broadly assumed to increase with scale, resolution and purposes from (I) to inform, (l1)
to design, to decide (I)Ibetweeninterventions/actions.

CKS lFaaSaavYSyuld LoNg Gitketefsd askified to beSchrititional on the
purpose of the stakeholder who is commissioning the ES assessment.

SELINAs ES groups contain a diversiipRgand TSs. Each study specifies the governance
level, stakeholder use case and purpose of their assessment when applying the template for
consolidating checklists. Case study recommendations for draft TOR are expected to cluster
in their recommendations based @tudy purpose and governance level/stakeholder type

(Fig. 7).
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Figure7: ExampleEcosystem servicgroupsincludeda mix of demonstration projects
(DP) and test site§TS)which were expected to cluster in their recommendations based on
study purpose and governance level/stakeholder type.
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The number of different studies tested and their clustering also varied across ES groups. One
of the aims of D4.2 is therefore to create an overview of this diversity of ToR
recommendations from volunteering DPs/TS. The aim of D4.3 will be to look femsys
patterns within and across ES method groups to develop standardised templates for ToR that
can be adapted by stakeholders to specific cases. This work aims to strike a balance between
ES and purposes specifecommendationsr{ot too many, but notoo few ToR templates
either)

Steps for testing Obest practiced diagnostic

91K OK 9{ 3NRdzZLI AYy {9[Lb! ¢Fal nodH o6l & LINROJDAR
LINF OGAOSQ ljdzSadAazya F2NJ 9{ Y2RSt | LIS AOIGAz2Y
Sites. Each ES group adapted some version of the following steps to meet the interests and
needs of the partners in their group.

¢ KS ¢ 0GSailA y-BsEquedtibns frdnD4. DagSnES applications in demonstration
projects and test sites was carried by DP and TS leads in each ES group. In the template each
case was asked to use their specific ES models in evaluating esshishquestionbased on

expert judgement They were also requested to state the emser of the ES assessment
findings, to make the context even more specific. Each DP/TS lead could propose revisions
and consolidations of the questions to make the language less scientific / more appropriate
for the format of a Terms of Reference template that might be used by a stakeholder
commissioning an assessmerNevertheless, the detailed steps below only result in a
consolidated proposal from the perspective of the ES practitioner in SELHAS why the

2dz0i Lddzi 2 F 5 n ®H ToRalIn thelhéxt stage dfAMP4 tReRangiudq@dilibé férther
validated with stakeholders in DP and TS sites

Steps:

1. Develop a graphical illustration of DP/TS ecosystem service model applications using
an ES logic chain or cascade. The madltledtration facilitates visualisation of the
application context in which the questions are tested and refined

2. Validate and consolidate the selection of checklist questions in each diagnostic topic
FNRY 5nodm { dzLJLJX SYSy i NE Chédsaérts BiplyiST KRRGEdzEPA ¥ 3

a. Identify irrelevant method questions in tbleecklists false positives 0
b. Identify missing key method questions from checklists

c. Feedback from DPs/TS on wording of checklists from yes/no responses to
open / method descriptive questions

d. Feedback from DPs/TS on logical order of questions

The following two steps are planned for the deliverable D4.3 as continuation of this
process towards developing Terms of Reference for ES model applications:
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3. Standardise the description of the DP and TS method selection descriptions using the
SELINA Database descriptors (22 descriptors). Systematic DP&TS feedback on method
descriptors.

4.  Check consistency of draft ToRs with IPBES VA plural valuation steps (reported in
Termansen et al. 2023).

5. Integrate the ToRs templates into the SELINA Integrated Assessment Tool

¢ KS & Xhaing «@r@gedin ecosystem accounting to visualise information flow between
accounts andis similar to the ESascade.To facilitate visualisation of similarities and
RAFFSNBYyOSa 0SipoSSy ao0Sad LINIF OGAOS¢ addzRRASa:x
of the main data on ecosystem extent, condition (ecosystem typassets), ecosystem

services and benefits (beneiaries) relevant for the assessment purpoSe(8).

ECOSYSTEM TYPES - ASSETS SERVICES BENEFITS - BENEFICIARIES
EXTENT CONDITION FUNCTION HEALTH SOCIAL ECONOMIC

Activity(pedestrign, |
Vegetation greenness cycle) { o
Recreation (path buffer Normalized Difference Univariate Visits (#/year) . valu: . V?:JI:;EK?:::I;S H
! ransfer 1 i
areas Vegetation Index - NDVI) Loess regressions A ;
{11 area [ Tree canopy cover (% of path ] Activity time
classes, i
hectares) buffer) on-site i i aveided .
) (hours/year) | il | Cost-of- | Aycided illness |
Forest clear cut (distance to path) before-after ! (inlci:IZ?\Sce) i illness i (NOK/year) ,:
) control-impact(Bacy) | | | | onAmEenEl o heoooooooo
Legend
[ actual variable J
[ potential varizble
potential model
i A I T actual model
RECREATION FORESTRY PATH FACILITIES ENABLING FACTORS
AREA PERMITS NETWORK (e.g. sanitation, (POLICY ENTRY POINTS
DESIGNATIONS (Open Street Map) handicap, signage) N THE MODELS}

Figure8: ES logic chain / cascade diagram example of recreation services model
application.

Cases in SELINA vary widely in the maturity of ES model applications. Some partners have
published a numbeof applications in previous projects that are being shared with SELINA
thsAd 2yS 2F GKS ONRGSNARLF 2F a¢Sad {AGSaeg Ay
cases still in the process of defining stakeholders needs, dedsjgoort relevant ES

indicators and selecting ES models. Volunteering cases were encouradestitatéd their ES

f23A0 OKIAY RA&GAY3IdAaAaKAY3d o0SG6SSy al OGdz f ¢
models are under development. This aimed to cover the variation across cases using the same
diagrams.
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To increase policy relevance of logic chains additional information on enabling factors and
SO2Yy2YAO AYLWAUNR gEERBRE AT aORS aASNIBAOS Oly |
a basis for thinking about possible interventions/policy to enhaneesise delivery and

benefits.

DPs/TSs were encouraged to develop the visualisation further tltameeptual ESascade

diagram to represent actual or planned ES model applications, identifying keyaofuit

variables, and the ES model type used for operations ornvénebles. Volunteerin@P and

¢{ OFrasSa dzaSR I GdSYLXIGS G2 GSad FryR O2yazf
a templatein appendix). The ES groups and volunteering cases were recommended to
evaluate the template on an individual case basis, followed by a collation and synthesis of the

ES group lead. ES group leads documented the specific approaches used by their group, as
some adjustments were needed due to differences in the ES type and the partner composition

of the ES groups.

SELINA partners volunteering cases were encouraged to illustrate potential applications that
O2dzZ R YI 1S (ptRicd) GRAS dadn 63 & @ G. Said LINF Ol AC
specific, understood as being specific to the region or country. To link the definition of best
practice to stakeholder needs, each DP/TS was requested to specify the decipmort

purpose and the se case/stakeholder they considered when testing the diagnostic topic
checklist on their study contextTable 3 shows an excerpt of the template for this
specification exercise.

Table3: Excerpt from template on specifying the use case for the ToR

For the purpose of evaluating thiecision | <insert user type description>
support use casef your recommendations
please specify the type of decisiomaker governance level; public/private etc.
/stakeholder hypothetically commissioning
your study and their knowledge need /
purpose that you will have in mind when
answering the questions below:

<main assessment purpose / knowledge need3
to inform <specify>
to design <specify>

to decide <specify>

Some groups assessed the checklist questio®sO2 NRAY 3 (G2 | WiHTableF FAO f
4). After providing responses to each chdiskquestion in the template, the case provided

a colour coded evaluation of their perception of the usefulness of this question for a decision

maker hypothetically commissioning their ES model application.
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https://docs.google.com/document/d/18-GHU_Nb2JqG1t_MVDOaSBlyfY9AU5Oz/edit?usp=sharing&ouid=108734562794071674407&rtpof=true&sd=true

Table4: Checklist question feedback template

Checklist question /ToR item
DP& TS response

S17. Diagnostic topic (from D4.1 supplement)

Potential ToR question always useful <insert response>

Potential ToR question useful in some cas( <insert response>

Potential ToR question never useful <insert response>

Questions that consistently are evaluated as not useful(orange) could be dropped from the
fA&AG 2F aoSaid LINI OGAOSeE FSIFGdzNBaAT 1jdzSaGA2y2
considered for reformulation to try to increase their relevance.

This approachvas intended to help further consolidate the chdit questions into items
that could be used in a Terms of reference template
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5.2 Overview of tested model applications

Table5: Each ES group considered a number of ES model applications for testing the diagnostic approach and defining besopEstices
modelapplications. This table gives an overview of the models considered for testing by the groups, including a brief desodifpiés to
additional information sources. For more detailed information on the models, see Annex 1.

Model name DP/TS location Model description Links
Hydrological and water quality related ES
EPA Stormwater Management DPO3 SWMM is a runoff simulation model used for sing Information page
Model (SWMM) Italy event or longterm simulations of water runoff

Trento quantity and quality irprimarily urban areas, whicl

can explicitly model eight different generic green
infrastructure practices

ArcSWAT TS ArcSWAT is a river basin/watershed scale model Information page
Ogosta river basin, developed to predict the impact of land
Bulgaria management practices on water, sediment, or

agricultural yields in large complex watersheds w
varying soils, land, and management conditions
over a long period.
BlueGreen Model TS The BlueGreen Model simulates loAgrm, daily Scientific publication

Cyprus soil water balances of crop fields, using the FAOE
dual crop coefficient approach. It computes greer
water (rain) use, blue water (irrigation) demand a
yield reductions of rainfed crops. The model has
beenapplied on a national level in Cyprus, using
crop plot data from the applications for the
Common Agricultural Policy Single Area Paymen
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https://www.epa.gov/water-research/storm-water-management-model-swmm
https://swat.tamu.edu/software/arcswat/
https://doi.org/10.1007/s11269-013-0299-y

scheme, and high resolution gridded soil and

climate data.
HEGHMS TS HEGHMS is a Hydrologic Modelling System Information page
Israel developed by the U.S. Army Corps of Engineers i
Planted forest B is designed to simulate the complete hydrologic

processes of dendritic watershed systems followi
rainfall events.

Climate and air quality related ES

Lavbundsomrader 3.1.1 (indicators TS Tool for assessing @@missions from wetlands Scientific publication
Denmark based on groundwater level and soil C content.
Gudena river catchment
Urban MultiScale Environmental ~ DP03 City-based climate service tool that combines Manual
Predictor Italy models and tools essential for climate simulations Scientific publication
Trento (Not applied, only UMEP has broad utility for applications related to
considered) outdoor thermal comfort, wind, urban energy
consumption and climate change mitigation.
ENVimet DPO3 ENViImet is a threedimensional microclimate Manual
Italy model designed to simulate treurfaceplant-air Scientific publication
Trento (Not applied, only interactions in urban environments, used to asse:
considered) microclimate regulation and air pollution reductior
IPCC Guidelines for National DP14 A model that assesses change in carbon stock in  Information page
Greenhouse Gas Inventoriegier 1  International different pools (biomass, dead organic matter, so
stock balance method CocaCola due to land use change versus a baseline, using
sequestration as an indicator.
INVEST Carbon Storage and TS A model that estimates the current amount of Manual
Sequestration Portugal (Azores) & carbon stored in a landscape and values the amc

Greece (Peloponnesus) of sequestered carbon over time. It aggregates tr
biophysical amount of carbon stored in four carbc
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https://www.hec.usace.army.mil/software/hec-hms/
https://dce2.au.dk/pub/SR384.pdf
https://umep-docs.readthedocs.io/en/latest/index.html
https://www.sciencedirect.com/science/article/pii/S1364815217304140?via%3Dihub#sec3
https://envi-met.info/doku.php?id=examples:start
https://www.sciencedirect.com/science/article/pii/S036013232100634X?via%3Dihub
https://www.ipcc-nggip.iges.or.jp/
http://releases.naturalcapitalproject.org/invest-userguide/latest/en/carbonstorage.html

pools (aboveground living biomass, belowground
living biomass, soil, and dead organic matter) bas
on land use/land cover (LULC) maps provided by
users.

SarCarbon TS A multistep approach based on fusion of remote  Information page
Portugal (Azores) & sensing data to generate carbon stock change
Greece (Peloponnesus) maps.

UrbClim Not applied, only UrbClim is designed to simulate and study urban Scientific publication

considered

heat stress for agglomeratiescale model domains
at a high spatial resolution (up to 1m), using the
following indicators: UHKeat Wave Days, heat
related mortality, lost working days.

Amenity and recreation related ES

Conditionservice univariate
regression

Oslo periurban
recreation TS

Loess regression with confidence interval of
relationship between forest vegetation cover
conditionrecreation visits

Scientific publication

Beforeafter-controlimpact (BACI)

Oslo periurban
recreation TS

Impact evaluation of forestry cleaut on Information page

recreation activity

Conditionservice Multivariate
regression

Oslo periurban
recreation TS; Malta
nature-based tourism DP

GLM/GMM of qualitativesubjective condition
variables of designated recreation areas on
recreation activity

Report

GIS mapping; survey in preschools, Poznan schools gardens * Statistical modelling of condition variables as

statistical analysis

predictors of duration, frequency of outdoor
activities in contact with nature during stay in
preschools.
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https://sarsentry.com/carbon/
https://doi.org/10.1016/j.uclim.2015.01.001
https://doi.org/10.1088/1748-9326/abb396
https://en.wikipedia.org/wiki/Impact_evaluation
https://www.miljodirektoratet.no/globalassets/publikasjoner/M98/M98.pdf

Participatory GIS Malta naturebased Online and facao-face PGIS survey of users to Information page
tourism DPLatvia Baltic  identify favourite activities, their geographical
coast DP distribution, as well as perceived wékting benefits
and other aspects important for visits

Hotspot analysis Malta naturebased Spatial modeling of social media and citizen scient Scientific publication
tourism DP observation densities and labelling
Recreation supphdemand model Bosland DP Bespoke welbased recreation supplgemand

model integrating condition variables

GIS based mapping Gudenaa River TS GIS based mapping of preferred land cover types

Landscape character assessment Latvia Baltic coast DP comprehensive indicatebased landscape quality  Report
assessment allows pinpointing areas with distinct
natural, cultural, ancesthetic significance

Travel cost Malta naturebased Economic valuation of recreation site demand Information page
tourism DP

Restoration cost Malta naturebased Restoration costs distributed by site visitation
tourism DP frequency (cosbased)

Value transfer Osloperi-urban recreation Value of perurban recreation visit transferred to  Scientific publication
TS from other sites using different types of methods

Costof-iliness Oslo perurban recreation Information page
TS

Agriculture and forestry related ES

ESTIMAP pollination model TS
Germany The model application focuses on assessing the  Scientificoublication

LRGSYGALE FT2NJ GKS NB3Idd
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https://en.wikipedia.org/wiki/Participatory_GIS
https://www.sciencedirect.com/science/article/pii/S2212041620300334
https://digital.nls.uk/pubs/e-monographs/2020/216649977.23.pdf
https://www.coastalwiki.org/wiki/Travel_cost_method
https://doi.org/10.1007/s10640-021-00574-w
https://oshwiki.osha.europa.eu/en/themes/economic-dimension-occupational-safety-and-health-management
https://link.springer.com/article/10.1007/s10980-024-01851-x#Sec23
https://link.springer.com/article/10.1007/s10980-024-01851-x#Sec23

Lower Saxony

LREEAYIGA2Y QY 06& Y2RST
suitability for wild bees (Hinsch et al. 2024). The
modelling approach combines ESTIMAP modules
(Vallecillo et al. 2018) with ecosystem condition
indicators to increase the sensitivity of model
outcomes agaist changing habitat conditions for
pollinators.

Soil erosion control by forest

TS
Northern Portugal

Forest. Based on MorgaviorganFinney soil erosion Scientific publication
model, which has been widely used in Portugal. Tt

novelty of this application was to spatially

incorporate actual observed fire severity calculatec

by the satellite SentineA and adapt the parameters

from Parente et al. (2022).

Fodder provision coastal meadows TS
Estonia Ecosystem types extent and qualities mapping. Hi¢ Scientific publication
resolution plant community types delineation and
characterization byfield observations of plant Scientific publication
speciesomposition combined with UAV
multispectral data and Sentinel 2.
Provision of habitats for native TS
biodiversity (birds), coastal Estonia Coastal meadows. Mapping of breeding habitats o Scientific publication
meadows waders. High resolution plant community types
delineation anccharacterization byfield Scientific publication
observations of plant species composition combine
with UAV multispectral data and Sentinel 2.
Global climate regulation. Carbon TS
Estonia Coastal meadows. Remote sensing enabled proxi¢ Scientific publication

uptake.

of top-soil carbon dynamics.
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https://www.nature.com/articles/s41598-022-07066-x
https://www.sciencedirect.com/science/article/pii/S1470160X19309744?casa_token=Cgdazsq4Jd0AAAAA:dzj-WYWs6mx2Yj3_WrGxWHfk3i4NHL3iSLbvmUhaL52CyqAFcWLQKi4I2ysHfzkGDrywrEKU9A
https://bg.copernicus.org/articles/21/1411/2024/bg-21-1411-2024.html
https://www.sciencedirect.com/science/article/pii/S1470160X19309744?casa_token=Cgdazsq4Jd0AAAAA:dzj-WYWs6mx2Yj3_WrGxWHfk3i4NHL3iSLbvmUhaL52CyqAFcWLQKi4I2ysHfzkGDrywrEKU9A
https://bg.copernicus.org/articles/21/1411/2024/bg-21-1411-2024.html
https://www.sciencedirect.com/science/article/pii/S1470160X22008019

Monetary value of cropland food TS
provision Denmark Cropland. Based on statistical da@ontribution of  Report
Gudena basin 302 crops, 12 years. Soil characteristics (texture a
OMC). Correction for human inputs, fertiliser type, Report
irrigation, field size, husbandry density00 m grid.

Soil erosion regulation, food DP
production, flood regulation. Lithuania In progress. Soil, topographic, climatic, geographic Scientific publication
and human use variables based on-GdSed
national level statistics, remote sensing and field Scientific publication
observations to develop ecosystem condition
indicators. Integrate EC variables into ES models (
soilerosion regulation, food production and flood
regulation). GIS statistics and RS enabled conditio
proxies validated with field observations/sampling.

Timber and other biomass product TS

from urbanperi-urban forests Sweden Assessment undefevelopment.
Stockholm
Drinking water provision. DP 01
INVEST/SWAT model Spain Surface water for drinkindodel developmentin

process. Identifying the interrelationships between
ecosystem condition and ES provision using a tiert
and tailored approachased on specific context anc
data availability (considering national vs autonoma
O2YYdzy AGAS&EaQ RIFEGFaSdhao«

Regulation of chemical compositio DP 01
of atmosphere and oceans. INVES Spain Total carbon content and net carbon balance. Mod

model development in process.

Hydrological cycle and water fow DP 01
regulation (Including flood control ~ Spain Identifying the interrelationships between ecosyste
condition and ES provision using a tiered &aitbred
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https://static-curis.ku.dk/portal/files/328902547/IFRO_Udredning_2022_27.pdf
https://static-curis.ku.dk/portal/files/340701859/Synergikort.pdf
https://www.sciencedirect.com/science/article/pii/S0048969720308664?casa_token=7PpEj_cYU1QAAAAA:TAAQTFqMa0FX0K7F-WjTUjlgrAIe5MDjjwLqeCBiSH3GHbABbQGKnYXb72yIChVnzQBIF0dtPQ
https://www.sciencedirect.com/science/article/pii/S0048969721076646?casa_token=1WRNiy_0mDIAAAAA:qkY7UB0usuGzNcugc1U2Y8Db8IJ0cd7GdulcXj8wN4_LAELJO3kBQ79p4QmAFmg6as52D5M_3A

and coastal protection). SWAT
mode

approach based on specific context and data
availability (considering national vs autonomous
O2YYdzyAliASaQ RIGFaShiao:«

Soil erosion control. INVEST mode DP 01
Spain

Identifying the interrelationships between ecosyste
condition and E$rovision using a tiered and tailore
approach based on specific context and data
availability (considering national vs autonomous
O2YYdzyAGAS&aQ RIFEGFaSdao«

Food production urban agriculture TS
Poland
Gorzéw Wielkopolski

Model development iprogress.Urban Agriculture
type - allotment gardens.

Fisheries, aquaculture and marine harvest ES

Fish provisioning ES integrationin DP @
Maritime Spatial Planning

Total and per species fish landing are presented a

two scales for different spatial units: 1) open sea Publicatio
datac (tons/kme/year); 2) coastal sea dataper

relevant administrative unit, up to 20 m depth. The Scientific publicatio
fish landing maps represent annual and longer tim

periods, spanning at least 10 years, as the spatial
abundance between years might change due to

climatic parametes. Fishermen's logbooks are the

data source used to produce spatial maps on fish

landing. The data were processed with R Statistice

Software to estimate the total value of fish landing:

in a grid cell per species. Economic valuation coul

be implemented ging market prices (in process)

The spatial model was used for the Latvian MSP
development in 2015 (see the link to the publicatio

and for interim evaluation in 2023 (Deliverable 8.1
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https://www.balticscope.eu/content/uploads/2015/07/LV-recipe_EN_web.pdf
https://doi.org/10.1080/21513732.2017.1398185

6 Diagnosis of ecosystem service model applications

6.1 Hydrology & water quality related ecosystem services

6.1.1 Summary of ES group approach

The group started by making an overview of the selected models or approaches from DPs and
TSs. It was made by filling a template that contains the main characteristics of the models
GKFG 6SNB SELISOGSR (2 065 AyOf dzZRERY WS AitKdS &K
template contains five main parts: 1) General information (name; DP/TS; partner); 2) Model
information (model name; model type; tier); 3) Case study (case study type; spatial scale;
temporal scale); 4. Ecosystem services (water supply; wptgification; water flow
regulation; flood control; ES supply; ES demand); 5. Methods (social; biophysical; economic).
At the next stage the diagnostic questions from D4.1 were assessed for reduction and
consolidation according to the specifics of the hydrology and water related ES. The diagnostic
guestions were arranged into an assessment ma#inex 3) that contained two parts: 1)
assessment of the diagnostic questions; 2) possibility for consolidation. In the first part the
membersof the group were asked to evaluate the relevance of each question in a-kbveé
assessment scale:

1-low relevance;

2 - moderate relevance;

3 - high relevance.
The second part contained two columns. In the first one, the possibility for consolidation was
evaluated by using a binary scoring 0 for no option to be consolidated with other question/s
and 1 for question that could be merged with other question/s. Téeoad column was for
the particular suggestions for consolidation where the members of the group were asked to
insert the number of the diagnostic topic and the number of the question from the column
that they considered for consolidation.
The assessment had been done by seven partners (NIGGG, UniTrento, PLUS, DS, CZEG, CYI,
and UoH)(Annex 3. The assessment tables were integrated and analysed by calculating
average scores and standard deviation of the scores per each diagnostic question. The results
were analysed according to the distribution ird@agnostic topics and assessment steps. The
results per diagnostic topid={g.9) show slightly higher scores for S6 but relatively similar
scores for all the other topics. There was almost no difference in the scores between the main
and additional question.
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Results per diagnostic topic and main/add questions
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S1. Ecosystem condition variables
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S5. Economic valuation compatibility
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0. S7. Uncertainty assessment
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Figure9: Results per diagnostic topic and main/additional questions (from D4.1).
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The results per assessmestep fig. 10) again show quite similar scores between the
different steps and the type of question. Therefore, there is reason to apply different
approaches based on the diagnostic topics or assessment steps.

Results per assessment steps
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FigurelO: Results per assessment step.

Thedistribution of the scoresHig.11) showsthat 21 questions have the highest group of
scores (between 2.5 and 3) which can be selected as highly relevant to the hydrology and
water related ES group.
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Figurell: Number ofquestionsper score distribution.
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The results about the possibility for consolidation show 92 out of 123 questions suggested for
consolidation. The correspondence between the suggestions for consolidation was quite bad
which raised several problems to be solved before starting the coradmid procedure.
Firstly, there were suggestions for consolidation from different topics and assessment steps.
Secondly, there were suggestions for consolidation with two or more different questions.
Therefore, the diagnostic questions were grouped acecwydo the assessment score and the
suggestions for consolidation into several groups which were exadised to reduce the
repeating suggestion and to arrange the most appropriate combinations. After several
iterations 13 diagnostic questions were selectedthe final list without consolidation. The

rest of the highly rated questions (8) were combined with one or two other questions
suggested for consolidation. Furthermore, the selected 21 questions werewaiked with

the proposed checklist questionT/oR item. The resulting checklist for sslaluation of the
models in the hydrology and water related ES group contains 34 questions.

Spatialj k
scale
A | DP14: Nature restoration
oo™ ' ' with Coca-Cola
o
,“1\\5
TS: Cyprus, case
. 0(@\ of livestock feed
é_\

T5: Mapping ES in

- ! planted forests
¥ TS: Ogosta  TS: Salzach river ;

river basin -~ floodplain |

]| TS Qlednd reservolr
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Figurel2: Working group T4.2.1 DP/TS distribution on spatial scale and methods
application stage.
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6.1.2 Sel ected fABest practiceo model applicat

Best practice case 1: Mapping and assessment of flood requlation ES in Ogosta
River Basin (Partner: NIGGG-BAS, Test site 22)

Caption: Ogosta River
Photo: Velimira Stoyanova

The Ogosta river basin Test Site is a part of the field research site developed inBISGG
during the last 15 years. It combines several previous and ongoing activities and projects
(Nikolov et al., 2022; Petkova et al., 2022; Marcheva et al., 2023).

The Test Site covers the upper part of the Ogosta river basin, upstream of the Ogosta
NBEaSNIB2ANP ¢KS 0l &A 3amihe eleN&ibn isOayngIhai 203 th 200M T d
m. The Neozoic and Mesozoic underlying rocks of the Ogosta River floodplain in the study
areas are covered by alluvial deposits with a-fayger structure: a lower layer built of gravels

and boulders with sandand an upper layer of sanejfayey deposits. The climate is
temperate-continental characterized by relatively warm summend cold winters. The

annual precipitation varies from 600 and 800 mm. For this study, we utilized the ArcSWAT,
which is a river basin/watershed scale model developed to predict the impact of land
management practices on water, sediment, or agricultyralds in large complex watersheds

with varying soils, land, and management conditions over a long period. It requires specific
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information about the topography, land management practices, vegetation, soil properties,
and weather in the watershed. The physical processes associated with water movement,
sediment movement, crop growth, nutrient cycling, etc. are directly modelled¥Busing

input data. The input information for each subbasin is organized into the following categories:
climate, hydrologic response units (HRUs), ponds/wetlands, groundwater, and the main
channel draining the subbasin. The assessment of flood regulstigply is based on a0 to 5
relative scale where: 0 is no capacity; 1 indicates low relevant capacity, 2 relevant capacity, 3
is medium capacity, 4 for high relevant capacity, and 5 for very high relevant capacity. Based
on these assessments, estimaticawes representing the capacity of ecosystem services are
calculated. For this purpose, we use the ArcSWAT result table, regarding the HRU
(Hydrological response units). For each HRU there is information for a number of different
indicators including thepecified ones. The calculation of the assessment scores is made by a
tool, which extracts data for the specified indicators from ArcSWAT results for a user
preferred date.
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Figurel3: Ogosta river basin Test Site ES assessment chain (model application).
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Best practice case 2: Assessment of stormwater requlation to support the drafting of
an Urban Greening Management Plan in the city of Trento, Italy (Partner: University
of Trento/Municipality of Trento, Demonstration Project 03)

[ FLIWGA2YY ¢NByG2Qa daNbBFy | NBI
Photo: Municipality of Trento

The Trento Demonstration Project (DP03) builds on previous initiatives to map and assess
ecosystem services in urban areas. (Cortinovis & Geneletti, 2020). The DP is currently
complementing these assessments with additional information to aid in draétm@rban
Greening Management Plan (UGMP) and regulations for public and private green spaces. The
proposal for this plan is motivated by the need to provide a strategic tool for improving the
existing coverage of urban green spaces. Furthermore, the plhruse data on current
vegetation cover, biodiversity, and other environmental information to facilitate shatl
longterm management and strategic prioritisation of interventions, including nahased
solutions (NbS) implementation and sustainablledscaping strategies.

Among the ES modelling efforts that will inform the drafting of the plan, priority is given to
assessing stormwater regulation in the valley floor, the most urbanised area of the city
characterised by a high concentration of impervious surfaces, includajgr commercial

and industrial areas, as well as residential zones and transport infrastructures. Due to these
features, the area is prone to recurring urban flooding events which the UGMP could address
through NbS. To support the identification of prigrareas and the assessment of possible
interventions, the EPA Storm Water Management Model (SWMM) simulation capabilities
have been employed in a test area in the northern part of the city. The simulations are
currently being expanded to the whole vallggyor. This modelling effort can address several
diagnostic topics for ecosystem service model design, aligning with the objectives outlined in
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the Terms of Reference. Due to this reason, DP03 has volunteered to serve as a "best practice”
example for the ecosystem service of stormwater regulation.
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stormwater regulation (model application).

The ES assessment chainFig 14 provides an overviewof variablesand models being
considered for the demonstration project in Trento. The Demonstration Project reflects best
practice in urban stormwater regulation ES assessment for the following reasons:

ES models for different application purposes:

O«

Identification/prediction of areas at risk of urban floodingThe model combines
information on land cover (permeable vs. impermeable) and sewage network location
and size to identify critical areas at risk of flooding under different rain events. By
considering expected climate scenarios, the simulation can alsbgbrbe risk under
future rain events.

0 Combination of green and grey solutions for infrastructure enhancemeriy
coupling hydrological and hydraulic performances of different scenarios that consider
both naturebased solutions and infrastructure interventions, the municipality can
identify the most (cos)effective strategies or combinations of them for reducing
urban flood risk.

O Impact evaluation of NBS scenards ¢ 2 Ay F2NYXY ¢NByd2Qa Ydzy

effectiveness of two different types of NbS (green roofs and permeable parking) and

alternative spatial distributions for stormwater management and flood risk mitigation.

This predictive capability allows decisiorakers to plan and design strategies to

minimise flood damage.
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0 Costeffectiveness assessment of alternative optiongven if this has not yet been
considered in the testing application of the model, results can be assessed in economic
terms considering both the cost of natut®sed solution interventions and the
avoided costs of flood damages and/or the replacementtcax infrastructure
retrofitting.

5AF3y2aGA0 (2LAOa NBFfESOUAY3T aoSaid LINI OGAOSte
) Satial-temporal resolution

Model inputs in terms of drainage network's sabtchments, conduits, and outfalls were
extracted using a 2 m resolution lidaased digital terrain model and the municipal map of
land use land cover complemented by additional information at the same utsol
Modelled rain events were have a duration of 15 mins and return period between 20 and 100
years.

(i)  Uncertainty documentation

This study did not explicitly document uncertainty, but potential sources of uncertainties
were identified. The main source of uncertainty lies in the exact location, size, and
characteristics of the pipelines, which are largely unknown. Other sourcesaafrtainty
include data limitations (e.g., the actual permeable coverage of residential areas) and model
simplification.

(i)  Ecosystem condition enabling ES assessment

The key parameter the model considers in terms of EC is the share of permeable vs.
impermeable areas in each sghtchment. The location and size of the drainage
infrastructure are also crucial inputs for the model.

(iv)  Capacity-potential-supply-demand in ES assessment

The analysis focused on stormwater regulation supply, examining the impacts of specific
types of naturebased solutions like green roofs and permeable parking areas on runoff
mitigation. The study progressed from baseline to full implementation scenavitbsnature-

based solutions coverage increasing by 10%. Combined scenarios were also considered, with
three criteria used for comparison: runoff quantity, peak volume reduction, and conduit
fullness. The baseline scenario representing the current condiowavided key information

to identify areas at higher risk of infrastructure collapse. This parameter was considered to
illustrate those areas with higher ES demand and use to guide the location of #tsee
solutions in the scenarios.

(v)  Economic valuation compatibility

Even if the study did not address the economic value of flood risk mitigation, the potential
economic benefits of implementing NbS for risk reduction are related to their capacity to
reduce the frequency and severity of flooding events, hence, to mitigatperty damage

and lower infrastructure maintenance or replacement costs.
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(vi) Social benefits compatibility and dimensions of justice

While social benefits and justice dimensions were not explicitly addressed in the study, the
flooding analysis using SWMM generated maps of the areas of the city where flooding events
are more likely to happen under the simulated rain conditions. Thesesroapld be used to
highlight potential disparities in exposure and susceptibility across different communities and
to prioritize the implementation of naturased solutions where they can have the most
significant social impact.

(vii)  Health benefit compatibility

The connection between health and urban flooding in the analysed context is not significant,
being the outcomes of flood events limited to damages to properties and temporary
disruptions to infrastructures. Therefore, the health perspective was not indudethe
study.
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Best practice case 3: Assessment of water fol
reservoir watershed under agricultural management scenarios (Partner: Global
change research institute of the Czech academy of sciences)

[ FLIWGA2YY ht SOyt NBaSNI2 AN
Photo: Petr Krpec
¢tKAa GSad aariasS AyoOftdzRSa | gl GSNAKSR O2y(iNAO

Republic (area of 33 Kin This reservoir plays a role in flood prevention, industrial water

supply, and recreational activities like swimming and fishing. A hydrological modeling study
F20dzaSR 2y GKS ht SOyt 41 GSNI NSASNWD2ANI g (SNE
hydrological processes and some other in several subbasins and hydrological response units.

The model was set up using locally available data encompassing soil properties and
agricultural practices. Calibration involved comparing model predictions with observed

stream flow and nitrate nitrogen loads, with some assessment also performed on phosphorus

and sediment loads. Various agricultural management scenarios, such-@ tiilage,

contour tillage, and the inclusion of winter cover crops, were developed tonagt their

impact on the reservoir's nitrogen, phosphorus, and sediment loads.
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regulation (model application).
Checklist applied to this testtei

(i) Spatiattemporal resolution. The spatial discretization for hydrological response units
(HRUs) was carried out using the most detailed data available. These units, or patches, are
expected to exhibit homogeneous responses. Land cover information was derived from the
interpretation of current orthophotos. Soil data were generated using a machine learning
approach, utilizing locally available legacy data. A-héglelution LIDAR digital terrain model

was employed to capture the terrain details. To accekatreflect agricultural management
practices in the area, the HRUs were further subdivided into specific fields, allowing for
detailed management settings. The temporal resolution for process simulation is set to daily
intervals. This approach simplifisgynificant subdaily hydrological processes but facilitates
long-term continuous simulation over multiple years.

(ii) Uncertainty documentation.To reduce uncertainty, the most precise input data available
were collected. During the calibration and validation process, model simulation outputs were
compared with measured data, and model parameters were adjusted to minimize
discrepancies. But exactugntification of uncertainty intervals is not provided.

(iif) Ecosystem condition enabling ES assessméltie model simulates a complex structure

of ecohydrological processes, including sediment loading and nutrient cycling. It is designed
to capture agricultural management in detail, covering aspects such as crop rotation,
fertilization, and tillage practicedVhile the model can also detail soil conditions, this study
relies on legacy data due to a lack of current data.

(iv) Capacity-potential-supply-demand in ES assessmenfithe capacityo-demand chain can

be effectively assessed using this approach. Specific patches where regulation services are
provided can be identified at the HRU level. The impact of management scenarios can be
estimated by modifying particular fieldslowever, the model lacks a sufficient module for
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water quality processes in reservoirs, which is necessary for quantifying benefits related to
water treatment and recreation.

(v) Economic valuation compatibility If the model can eventually capture effects on water
guality, such as nutrient concentrations, algal blooms, and sediment aggradation, it will be
possible to assess differences in water treatment costs and the economic benefits of services
related to recration (e.g., food, traffic). This assessment requires collaboration with
beneficiaries who can provide insights into the economic benefits for them.

(vi) Social benefits compatibility and dimensions of justice anfVii) health benefit
compatibility. The test site has not addressed social nor health benefits.
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Best practice case 4: Mapping and assessment of water requlation service in multi-
purpose planted forests (Partner: The University of Haifa, Test-Site)

Caption: Hakdoshim Forest, Jerusalem mountains
Photo: Alon Lotan

Most planted forests in Israel are controlled and managed by the private foundation of JNF. in
recent decades, due to natural processes and forest fires, rspecies and eveaged stands

are becoming mixedpecies and muhkaged ones, making their managent more
challenging and controversial. According to the JNF Forest Management Policy, the multi
purpose forest areas are supposed to cover most of the ardarest lands in Israel and its
main purpose is to provide a variety of ecosystem servicegngebn natural processes and
minimal management activities. However, the preferred services are not explicitly defined,
nor are the appropriate management practices for their conservation and maintenance.

The main goals of that project were: 1) Develop a model to map major vegetation types in
JNF managed forests using open satellite data; and 2) Develop a model to map runoff and
assess the contribution of JINF managed forests to water regulation servicprdjaet was
carried out in four forests that have an approved master plan, in the Jerusalem Mountains
and the northern area of Biriya.

Mapping of vegetation types was carried out by using the Random Forest machine learning
algorithm based on Sentin@l channels, training the model with field knowledge and high
resolution orthophoto of the forest areas. The resulting spatial classificatioregetation

was accurate in more than 95% of the validation sites. A final LULC map was created by adding
spatial information from additional sources, including the management units of the master
plans of the studied forests.

Runoff rates and volumes (indications for water regulation service) were assessed using the
HEGHMS hydrologic modelling system which integrates precipitation and various runoff
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processes in watersheds. A main character of this model is the Curve Number (CN),
reflecting the direct runoff proportion from a given rainfall event. When validated, using
LISNXYIFYySyld KERNRBRYSUNRO aidldArAzyQa RIFEGlsz (KS
showed runoff volumes and hydrographs that matched the actual values, despite the large
size and LULC variability of the watersheds.

The developed model was also used to assess the effect of forest fires on runoff by
comparing between model outputs before and after the forest fire that took place in the
Judean Mountains in August 2021. In this analysis changes in vegetation coveffidele to
spatial distribution and severity were taken into account by recalculating the post fire CN.
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Figurel6: mapping and assessment of water regulation service in planted forest, Israel
(model application).

Y 2

5AF3Ay2a0GA0 G2LIA0CA NBFE SOGAYy3 aoSaid LINF OGAOSE

(i) Spatiattemporal resolution

For modelling water runoff regulation, the most spatially accurate and up to date data
were used as the model input: natural and sematural vegetation types were modelled
using machine learning algorithm based on remote sensing (10m resolution), trdieing
model with field information and highesolution orthophoto (0.5m)Different types of
agricultural land (field crops, deciduous and evergreen grooves);Upéireas and soll
map were taken from the national information centre. A DEM layer of high resolution
(1m) was used to generate the sblsins for each examined basilO-minutesintervals

of rain event measurements were also used in the model.

(if) Uncertainty documentation
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The model was developed and validated using data from-teng hydrometric stations
at several watersheds. Uncertainty was not explicitly calculated in this case, but the
differences between model and measured hydrographs were presented

(iif) Ecosystem condition enabling ES assessment

A main character of this model is the Curve Number (CN), reflecting the direct runoff
proportion from a given rainfall event, depending on land cover and soil type. The specific
CN for each LULC type (11 types in our case) combined with soil type édaasifi
Hydrologic Soil Group) was generated by adjusting the respective numbers taken from the
literature with local characteristics

These CN numbers, as well as the developed and adjusted full model can then be used by
forest planners and managers to improve their management practice taking into account
the effect on the water regulation service. The effect of forest fires can becatdaated

(iv) Capacity-potential-supply-demand in ES assessnten

The analysis is focused on water flow as an indicator for the supply of water runoff
regulation service, assessing the contribution of different LULC and vegetation types to
this service. There is no clear approach for assessing other dimensions, hcaypgplging

this model for future scenarios or in other forest areas in the region can indicate the

potential supply of the service

(v) Economicvaluation compatibility.

Using this model, the reduction of soil erosion and flood risks can be also assessed. These
two benefits can be economically valued using common methods such as avoided damage
cost and management cost, but more information has to be collected in ordeply &.

(vi) Social benefits compatibility and dimensions of justice ar(@ii) health benefit
compatibility.
The test site has not addressed social nor health benefits
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6.1.3 Draft Terms of Reference proposal from ES group

Table6: Working groupon hydrology and water quality related ES developed drafins of
Reference for ecosystem service assessment.

ToRquestions useful in any context

Diagnostic topic Question:

Spatial and Does the spatial scale of the ES assessment alignv Yes/No
temporal scaling, the objectives of the management or policy decisior
resolution and aimsto inform?

uncertainty of ES

assessments

Uncertainty Does the study validate the ES model? (e.g. model Yes/No
intercomparison, external observations, sensitivity
analysis)

Uncertainty Does the study use data of appropriate accuracy  Yes/No

(temporal, spatial resolution)?

ToR questions useful in some contexts (or require reformulation)

Develop standardised condition assessment methot

Ecosystem conditior 5 accessible, interoperable databases to overcon Y€S/NO
fragmented data inventory reality faced by
policymakers?
Ecosystem conditior Does theapplicationestablish clear indicators for Yes/No

ecosystem condition and services at natiomegional,
or local levels for monitoring and evaluation in polic
development?

Ecosystem conditior Does the applicationa@lelop usesfriendly tools, such Yes/No
as plugins and software, enabling policymakers and
practitioners to analyse, visualise, and interpret dat¢
on ecosystem condition and services?
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Ecosystem conditior Does theapplicationpresent weldefined methods for Yes/No

assessing impacts of ecosystem condition on servic

Ecosystem conditiot Develop usefriendly tools, such as plugins and Yes/No
software, enablingpolicymakers and practitioners to
analyse, visualise, and interpret data on ecosystem
condition and services?
Spatial and Does the assessment take into account the Yes/No
temporal scaling,  spatiotemporal dynamics and potential future chang
resolution of ES?
Spatial and Are the methods used to assess ecosystem service Yes/No
temporal scaling,  appropriate for the complexity of the ecosystem
resolution services evaluated?
Spatial and Are maps of the study argacent and do they reliably Yes/No
temporal scaling, = document recent land use and land cover changes .
resolution relevant spatial scale?
Spatial and Are the spatial scale and extent of the ecosystem  Yes/No
temporal scaling,  services assessment explicitly stated?
resolution
Spatial and Are spatially explicit indicators used to assess Yes/No
temporal scaling, = ecosystem services?
resolution
Spatial and Are spatially explicit indicators used to assess Yes/No
temporal scaling, = ecosystem condition?
resolution
Spatial and Is the spatial resolution of the applied ecosystem  Yes/No
temporal scaling,  condition indicators appropriate for the scale of the
resolution assessment?
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Spatial and Does the study develop recommendations for Yes/No
temporal scaling,  appraisal of alternative policy options?

resolution

Spatial and Are common frameworks (e.g. CICES, Essential Yes/No
temporal scaling, variables, MAES) considered in order to homogenis
resolution comparisons?

Spatial and Are metadata for spatial scales and resolutions Yes/No
temporal scaling, included and following the INSPIRE directive?

resolution

Spatial and Are the limitations on the spatial scales and Yes/No
temporal scaling,  resolutions clearly identified and justified?

resolution

Spatial and Is the spatial resolution of the applied indicators Yes/No
temporal scaling, transparently stated?

resolution

Dimensions of
capacitypotential,
supplydemand

Does the study clarify indicators for each ES and ez Yes/No
dimension?

Dimensions of

Does the study present clear approaches for asses¢ Yes/No

capacitypotential, each dimension?

supplydemand

Dimensions of Does the study define the concept(s) following an  Yes/No
capacitypotential, established standard terminology?

supplydemand

Economic valuation Does the studyse a biophysical quantification of Yes/No

ecosystem services as the basis for the economic
valuation?
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Economic valuation Do the scales (temporal, spatial, beneficiaries) of th Yes/No
biophysical quantification of ecosystem services ma
the economiovaluation?

Economic valuation Does the study develop recommendations on policy Yes/No
responses in light of itsndings?

Uncertainty Does the study elucidate uncertainties associated w Yes/No
each of the assessed dimension(s) (ardicator(s))?

Uncertainty Does the study explicitly state the simplifying (mode Yes/No
assumptions and underlying uncertainties?

Uncertainty Does the study assess and address uncertainties  Yes/No
associated with the valuation, providing a clear
indication of theconfidence level in the results?

Uncertainty Does the study monitorisks? Yes/No
Uncertainty Does the study communicate uncertainty in the Yes/No
assessment results by expressing variation in the
results?
Uncertainty Does the study explicitly state the simplifying (mode Yes/No

assumptions and underlying uncertainties?
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6.2 Climate & air quality related ecosystem services

6.2.1 Summary of ES group approach

The climate and air quality related ES group worked exclusively with the questions from D4.1
NEFSNNAY3I (2 (GKS aSO2aeaidSY O2yRAGAZ2Yyas D !
Sites contributed to this working group. While one Test Site volusteto test the checHist
guestions on its actual ES model applications, all members tested the checklist at the
theoretical level. The case studies modelling climate and air quality related services are highly
diverse in terms of scale and purposes a¢ithES models. They are also diverse in terms of
maturity of ES model applications. This presented a challenge in consolidating thdisheck

guestions but also in finding a volunteer to test the checklist on a concrete case.
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Figure 17: Preliminary representation of the spatial scale and position within the policy
cycle of the members (demonstration projects (DP) and Test Sites (TS)) of the climate and
air quality related ES working group.

The working group started by making an inventory of the objectives, and methodological
approaches among the group members. It resulted in an inventory of all models that were
expected to be used or that were implemented. The inventory was complementedawith
detailed overview of the methodological bottlenecks encountered by the group members. A
peer learning consultation allowed us to solve or contribute to solving some of these
challenges.

In a second stage, the working group followed the logical process used to create the D4.1

checklists to establish the criteria which the robust ecosystem services assessment should

meet, tailored to the climate and air quality related ecosystem servidas.step resulted in

a new checklist that covers all parts of assessments (from data to validation), i.e. broader than

the ecosystem condition D4.1 checklists. Then, the working group members assessed the D4.1
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checklist, on a theoretical level and adjusted it when necessary. The new checklists, generated
by the working group, were compared and merged with the adjusted D4.2 checklists on
ecosystem conditions.

Finally, after a bilateral discussion, the checklist from D4.2. was tested with a best case
practice for S&o Miguel island, Azores (Portugal), considering the relevant role of this Test Site
in the ongoing development of Task 5.2. in enhancing the spatdkemporal resolution of
ecosystem accounts, with focus on carbon sequestration accounting. It is worth noting that
most of the DPs and TSs in the working group have been in the process of selecting a model
or of starting to developit. For that reasontesting the checklists on them did not seem
appropriate.

The creation of the draft TOR was done in two main steps: first the members of the working

group brainstormed, based on their experience and respective needs in their DPs and TSs, on
what criteria should be met by robust assessment tools meet. This steyted in 16
OKSO1ftAald ljdzSadAazya GKFG ¢6SNB OfFaaA¥TASR dzy
LINPOS&a¢TS a5 Gl éTY ahdzilddziaé T YR a1 fARF
of the working group assessed the checklists provided in Dallerd.1, with a focus on
ecosystem conditions.

Individually, five members of the working group assessed the ecosystem conditions
checklists. This step was done at the theoretical level, i.e. without applying them to their own
models. Five DPs and TSs scored the relevance of each question, usisgpdeOvith 0 = not

relevant to 5 = highly relevant. Each score was explained and, when necessary, suggestions
were made to merge or to reformulate some of the questions. From the five individual scores,

the mean score was computed for each of the 15 chsthliestions, as well as the number

of scores thatqualled0 or 1 (not relevant or very little relevance, respectively) across the

five individual scores. Were selected as (very) relevant, Questions that scored 3.8 or more,
and had no score = 1 or below, were selected as very relevant. One exception was question
#12 on the development of a standardised framework for integrated assessment of
ecosystem condition and services. This question scored high (4.0) but was judged as being
relevant only in some casgeas some studies may apply or rely on existing frameworks, and
therefore may not need to develop any. One question from the original checklists was, judged

as irrelevant andvas removed (Question#ft 52 Sa& GKS Y2RSft | R@20I 4GS
to sufficient funding to support the implementation of new condition assessment

F LILINR F OKS&akaidl yRIFNRax AyOfdzRAY3 GNIAYAY3I | VR

The two sets of checkilists, i.e. the ones resulting from an internal brainstorm and the ones

adjusted from D4.1, were merged into a final set of checklists that is tailored to the ES group
of climate regulation and air quality.
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6.22 Sel ected fABest practiceo model applicat

Best practice case 1: Mapping and monitoring carbon sequestration in Sao Miguel,
Azores (Portugal)
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Field-based validation :

Figurel8: S8o Miguel Test Site ES assessment chain (mamblication). Seasonal temporal
resolution might be necessary to capture differences between summer and winter. The
overall spatial resolution is 10 meters, although both spatial and temporal resolution may
vary across datasets. Gmenefits include e.g., mintenance and restoration of biodiversity,
are not included in this graph.

The ES assessment chairfrig. B provides an overview of key variables actually used in the
sets of models developed in the Azores TS. The models are still under development being
constantly validated and iteratively improved by integration of local knowledge and validation
with field d&aa.

ES models for different application purposes (FI§, below)

0 Current and past trends of standing biomass and carbon sequestration (Assessment
of vegetation conditionservice): to inform the forestry services and other
stakeholders of the conditions and trends of the standing biomass and their impacts
of the capacity of trees to sequestrate carbon, as well as on the loss of biomass and
therefore of carbon sequestration capacitinformation on carbon sequestration
could be linked to carbon market values.

0 Designing policy optionsspatial information on the types of habitats, species
mixtures and their ability to sequestrate carbon, may give relevant information to
target most appropriate decisions on where to direct e.g., restoration measures like,
or afforestation, planting of nate species and mitigation of invasive alien species.
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O«

Biomass (loss) and carbon monitorindhe new carbon market may lead to an
increased biomass cover on the island, with new forested areas (as part of a farmland)
and restoration of degraded forests.

0 Impact evaluation of afforestation,restoration, and forest cleafcuts. to inform
forestry services about the impacts of forest dynamics on carbon sequestration.

For all these stages, all models are related to statistical (spatial) analysis of changes over time

and space of standing biomass and carbon sequestration, either from qrastirrent
perspective,under different policy scenariodt shouldbe noted that the carbon market is
fA1Ste G2 €SIR (G2 AYyONBlFraiAy3da LRfAoe AyiSNBal
outputs.

Purposes of ES
assessment
Azores test
site example

To inform:
Standing of biomass and
loss biomass; value on C
market

To inform:
Forestry management
impact evaluation

=

To desig

Forestry andfor C| 3. Establish the scope
market area

designation

; Agreed 5. Communicate results
andior docide
ol implemantation 2 o
to inform decisions.
To inform: -
Biomass (loss) and carbon monitoring
Waaaticn purpeses and caamplos
T inform To dacide To design
N = Participative
¥ b Damage compensation
Impact evaluation . eriterion

Figurel9: ESassessment purposes of the Azores Test Site. Source: adapted from Pascual
et al. (2023). Note: plural valuation as shown in the figure includes ES assessment.
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Photo of a eastfacing panoramic lookout at Sdo Miguel Test Site.
Attribution: Google Street View.

The Test Site Test site Sdo Miguel (Azores) has been selected to implement the subtask 4.2.
on climate regulation and air quality ecosystem services. Sdo Miguel, Azores, has historically
endured forest degradation and deforestation activities that havedoted forest extent and
condition. In turn, these activities have affected carbon sequestration by forests. The Test Site
aims at providing a spatially explicit assessment of biomass, carbon stocks and flows.

The Test Site focuses on the capacity and potential to capture and store carbon in the forests,
using near real time monitoring of forest changes and carbon sequestration accounts. The
Test Site aims at providing an assessment that does not rely on wdddigitasets but that

are locally tailored instead, both to the species present on the island, the management of the
forests and their location. It aims at providing quick validation of nearties monitoring

of forest extent, biomass and carbon stocis)ich is very challenging for remote sensing
techniques with constant cloud cover, and with the mountainous profile and predominance
of evergreen vegetation that reduces radar accuracy.

The assessment combines multi source dateluding satellite and field data to map forest
and other vegetated habitats on the island, based on the forest structure, species
composition, forest management and degradation level. The Test Site also aims at identifying
and accounting for processesdeforestation and forest degradation (natural vs. manmade)
for a specific period (2022023). Each step is validated using an extensive field data
inventory.

The D4.1 checklists were applied and tested in this Test Site.

(i) Spatialtemporal resolution. Multisource data at high spatial resolutiddOm)
allows detailed considerations of several environmental aspects of the forest
conditions. The scale of the assessment matches the scale of degiaking, in
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terms of covered area, while the spatial resolution allows for consideration of spatial
variation across the island. The data is seasonal to capture seasonal changes in forest
biomass and corresponding fluctuations in carbon sequestration are monitored for
the study period. The multisource data allows constant validation and ensures data
availability that despite constants cloud cover. The data is not all sparce,and its
processing requires technical skills, limiting the potential to update the aralyse

(i) Uncertainty documentation. Habitat maps, which are intermediary outputs, are
tested against existing maphigh resolution imagery and fielshsed surveyd-orest
inventory data are both used to feed in the models (identification of forest types) and
to validate the model and other input data, such as land use and land cover maps.

(iif) Ecosystem condition enabling ES assessmehie models rely on scientifically
agreed upon equations or relationships between variables that are commonly used to
assess carbon sequestration. Spatially explicit information that includes land use, land
cover maps and forest inventories data (e.g. foregucture, forest degradation
surveys) are combined to allow for nearal time quantification of biomass loss,
which is then linked to carbon sequestration. While several ES and biodiversity are
likelyto be synergistic to carbon sequestration provided by standing biomass, they are
not accounted for in this assessmehlevertheless, by feeding carbon sequestration
information into the new carbon market, which will prioritise initiatives that, along
with sequestration credits, generate environmentaHoenefits and protection of the
natural capital, this assessment witintribute to positive impacts on biodiversity and
other key ES

(iv) Capacity-potential-supply-demand in ES assessmeirnpact of deforestation and

forest degradation on thestanding biomass angotential carbon stocks and

sequestration is assessed. Actual supply, demandusedwvere not assessed at this
time.

(v) Economic valuation compatibility. The study area and the models have high
potential to link to the economic valuation of carbon. The need for economic
valuations has arisen at several spatial scales, and for several stakeholders, especially
since the very recent implementation of the carbanarket in the country. The
economic valuation through carbon credit trading requires accurately and continually
estimating carbon stocks that this model provides.

(vi) Social benefits compatibility and dimensions of justice arfdii) health benefit
compatibility. The test site has not addressed social nor health benefitsoughout

the application of the model, local knowledge and perspectives are integrated in the
assessments (although not specifically on social not health benefits). Moreover, with
the new carbem market, which promotes projects generating carbon credits with
potential socioeconomic benefits, such as new business models, more employment,
technological innovation and raising income for forest owners, the assessment of
carbon sequestration may benked to new or increased sources of incomes and new
power relations between stakeholders. Additionally, the model outputs could also be
linked to other ecosystem services and economic sectors, such as recreation and
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tourism (cebenefits), as a result of higher standing biomass and larger forest cover
which could be further linked to social and economic benefits

Some challenges related to the creation and evaluation of the models using the checklists, as
well as possible challenges linked to policy uptake were mainly conceptual (e.g., i.e. linked to
the use and definition of the terminology) and methodologicad(dinked to the difficulty to
monitor disturbed ecological dynamics, and to develop new allometric equations). Due to the
involvement of stakeholders in the development of the model, their availability was critical
but sometimes limited, especially to go the field. This could constitute a continuous issue,

as the model encompasses frequent field work as a validation procedure

These challenges were minor as the stakeholders have been involved in the project and are
very knowledgeable about the ecological dynamics and issues. In addition, the overall
objectives of the modelling are fully aligned with European directives, to enmalicy uptake.

This alignment has ensured that the project keeps evolving and should help during the
implementation phase of policy based on the model, especially to increase the likelihood of
acceptance and involvement of business partners. In thateesphe role and the continuous
involvement of the forest service in building and running the model, as well as implementing
policy based on its output, is critical, to prevent possible conflicts. Yet, challenges could still
rise from policy decisions ked to the outcomes of the model. For instance, the decision of
expanding the network of protected areas to restore and protect the forest cover could lead
to issues with different stakeholders groups as a result of competition for space
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6.2.3 Draft Terms of Reference proposal from ES group

Table7: Draft terms of Reference as agreed by the working group members to evaluate
climate regulation and air quality models. The questions under the green row are applicable
under any ES modelling context. Those under the blue row are relevant only in specific
contexts. Those under the yellow row were deemed ledevant butmight be improved

upon in further development in Task 4.3. Those under the grey banner require further review
in collaboration with stakeholders in Task 4.3.

ToR questions useful in any context

Diagnostic topic

Does the model application:

Ecosystem condition

Presentwell-defined and standardised methods fc Yes/No
assessing impacts of ecosystem condition on
services?

Ecosystem condition

Highlight priority ecosystem condition aspects, Yes/No
services, and their benefits, helping policymakers

focus on impactfulspects of their decisions?

Ecosystem condition

Promote restoration targets based on ecosystemYes/No
condition needs and emphasise the importance ¢
improving degraded ecosystems?

Ecosystem condition Use clear and robust indicators for ecosystem  Yes/No
condition and services (and dimension, i.e. capax
CapacityPotential, supply, demand) at national, regional, or local le\
SupplyDemand for monitoring and evaluation in policy
development?
Spatial and temporal Use spatial data to visually present ecosystem  Yes/No

scale andesolution

condition and services data for policymakers?

Spatial and temporal
scale and resolution

Allow the assessment of the changes in time anc Yes/No
space (e.g. future data assessment, historical tirr
series)?

Spatial and temporal
scale and resolution

Allow the use of datasets at various scales? Yes/No
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Spatial and temporal
scale and resolution

Allow to upscale the results? Yes/No

Uncertainty

Provide documentation with cleatefinitions and  Yes/No
explanations of terms related to ecosystem

condition and services, ensuring consistency anc

better understanding?

Uncertainty

Provide guidance and tools that enable the Yes/No
preparation and manipulation of data?

Uncertainty

Provide guidelines for assessing the added bene Yes/No
of ecosysternasednature-basedsolutions
compared to other types of interventions?

Uncertainty

Rely on accessible, interoperable databasesto  Yes/No
overcome fragmented data inventory reality face:
by policymakers?

Uncertainty

Function in a technically and economically acces Yes/No
way to users?

Uncertainty

Clearly specify the adequate uses for it (what the Yes/No
model should (or not) be used for)?

Uncertainty

Consider or at leaghentionother ecosystem Yes/No
services and their tradeffs?

Uncertainty

Provide outputs that are easily usable and Yes/No
comprehensible by stakeholders or include a goc
translation of the results to the stakeholde(@

needs)?

Uncertainty

Give information about the uncertainty/confidenc Yes/No
at/for every step of the modelling process (from
data to output)?

Uncertainty

Consider reference data for assessment? Yes/No

Social benefits and
dimensions of justice

Allow some cecreation from the beginning? Yes/No

ToR questions useful in some contexts
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Ecosystem condition Involve the development of standardised Yes/No
framework for integrated assessment of ecosyste
condition and services to aid policymakers in
understanding and utilising information?

Uncertainty Rely on usefriendly tools, such as plugins and  Yes/No
software, enablingolicymakers and practitioners
analyse, visualise, and interpret data on ecosyste
condition and services?

Social benefits and Encourage participation and collaboration amon¢ Yes/No
dimensions of justice stakeholders in the design and implementation o
strategies like conservation, ecotourism, and
monitoring of ecosystems?

ToR questions with less usefulness

Ecosystem condition Emphasise the integration of biodiversity Yes/No
conservation within the evaluation of ecosystem
conditions andservices?

Social benefits and Emphasise the integration of wdlkeing assessmer Yes/No
dimensions of justice within the evaluation of ecosystem conditions ani

services?
Health benefits

ToR questions requiring further review

Ecosystem condition Comply with the knowledge and skills of Yes/No
policymakers and supporting scientists/techniciai
on agreed condition assessment approaches?

Ecosystem condition Present practical casgudies and examples Yes/No
illustrating successful integration of ecosystem
condition and services into decisionaking
processes?
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6.3 Amenity & recreation related ecosystem services

6.3.1 Summary of ES group approach

The amenities & recreation group worked exclusively with the questions from D4.1 referring
G2 0KS aYSGK2Raé¢ adGSL) 2F LI dzNI £ @Gl fdz GA2Yy ®
in the ES group volunteered to test the chédisk questions on theiactual or proposed ES
model applications. The case studies modelling amenities & recreation seavecésghly

diverse in terms of scale and purposes of ES models. They are also diverse in terms of maturity
of ES model applications. This presentelallenge in consolidating the chetikt questions
-lookingacross the diversity afases, mosof the questions remained relevant to at least one

of the model applications.

DP:Malta . DP:Malta !

- ! | > 2. Define the purpose
TS:Triglav NP | DP: Baltic coast
«— |- >
DP:Bosland | | _DP:Bosland i
T iscuenmarve 5 sl e sope
- R —>
TS: Qslo

< E M{JIIY 3 — 4. Choose and apply
fffffffffffffffffffffffffffffff E,,,,,,,,,,”,,,,,,,,,,,,,,,:,,,,,,,,,,,,,,,,,,,,,”,””” methods
TS: Poznan ! |

playgrounds
+—»

A

> 5. Communicate results
to inform decisions

Valustion to Valuation to Vauation to
nform design decide

Figure20: Preliminary representation of the spatial scale and position within the policy

cycle of the membergdemonstration projects (DP) and Test Sites (TS)) of the amenity &

recreation related ES working group.

6 studies provided illustrations of their ES model logic chains as a basis for illustrating main
variables and ES model outcomes of policy relevance. These studies provided narratives
SESYLX AFTeAy3d K2g (GKS RAIFIIy2zadArd Laxdxim06E G
design. These are preliminary examples of how diagnostic topics stultture termsof

reference to be developed in D4.3. All 8 cases in the group tested the checklist using the
GGNI FFAO fAIKGE &adeaidsSy Ay GKS GSYLXFGS G2 1
relevant alternative questions formulations were proposed. This titomss material for

further consideration in developing consolidated ToRs for D4.3.
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6.3.2 Sel ected ABest practiced model applicat

Best practice case 1: Mapping and valuing outdoor recreation for multiple policy
purposes in Oslo, Norway (Partner: NINA, Test Site)

Caption: Oslo petirban forest.
Photo: David N.Barton

The Oslo Test Site combines the results from several previous and ongoing studies in other
LINP2SO0Ga 0+xSYaGdSNI SG fd HAHAT HAHMT HAHOU® |
terms of addressing several of the diagnostic topics for ES modegndést may increase

likelihood ofuptake andspecified in the draft Terms of Reference. In particulargkemple

highlightsa 6 Sa i LINF OG0AOS&a¢ F2NJ O0A0 RATFTTFANSesd adl i
that support management df a f pgriu@ban forest(ii) the statistical modelling afondition

variables as predictors of recreation activity, and (iii) the potential for improving the policy
relevance of the case by also modelling benefits, inclutieajth outcomes andeconomic

value Fig 21).

w»
Q
ax

¢CKA& SEIFYLXS |faz2 NBLER2NIA 2y (GKS ¢Sada {Ad
on the testing of the ToR template for this case.
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{Faclilil.;i-ﬁg] actual variable ]
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. J - g
" Suitability for specialised | L potential varisble | |
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T I b T I g actual model
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AREA PERMITS NETWORK (e.g. sanitation, (STRAVA mobile [POLICY ENTRY POINTS
DESIGNATIONS (Open Street Map) handicap, signage) app) 1M THE MODELS)

Figure21: Oslo Test Site ES assessment chain (model application).
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The ES assessment chaiffrig 21 provides an overview of key variables actually used

in published models, as well as potential variables/models that could increase the
policy relevance and likelihood of uptake in planning and management. The Test Site
currently reflects best practice irecreation assessment in Norway for the following
reasons:

ES models for different application purposes (F&2, below)

Impact evaluation of forest cleacuts: to inform Oslo Urban Environment
Agency forestry management about the recreational impacts of aats near
paths.Model beforeafter-controkimpact (BACI) statistical analysis

Assessment of vegetation conditieose: information can supportlecisions
about tree canopy and vegetation maintenance along recreation pathglodel
Loess regressions of vegetation indicatoractivity level correlations with
confidence bands; correlations between time-site and qualitative condition
variables used in decisions about designating recreation areddedet GLM
multivariate regression

Recreation use accountingo inform the general public on the recreation
activity use of the perurban forest in totabnd byrecreation area designation type.
Model GIS analysis was used to aggregate STRAVA Open Street Map path use to
accounting tables for the municipality as a whole and designated recreation areas.

Recreation area use monitoringo inform Oslo Urban Environment Agency
on the increased benefits of a pressure on peban forests during pandemic lock
down.Model GIS analysis of STRAVA Open Street Map path use, was corrected for
population bias and time series of path activity mapped before and afterdoakn
regulations.
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Figure22: ES assessment purposes of the Oslo Test Site. Source: adapted from Pascual et
al. (2023). Note: plural valuation as shown in the figure includes ES assessment.

Overview of diagnostic topics in thease

CKS F2ft2gAy3 aSOGA2Y adzYYFNRA&aSa (GKS NBI azy:
the Oslo, Norway context, considering a hypothetical commissioner of the ES assessments as

the Oslo Urban Environment Agency. This summary is based ordagglisis of our case

with the help of theTOR template with the 7 diagnostic topics applied to ES models in Oslo:

(i) spatiattemporal resolution. Use STRAVA mobility data with resolution at Open
Street Map path segments; landcover at 10m resolution usipgn-source Global
Forest Watch data. The STRAVA data is not open source, limiting the potential to
update the analyses.

(i) uncertainty documentation. Confidence intervals on estimates are reported and
communicated graphically. Sampling biases in STRAVA data are assessed and
corrected. Alternative recreation activity data / model types were not tested
comparison with PPGIS data would improve robastof the analysis; sensitivity
analysis of model assumptions was not conducted also limiting the robustness of the

findings.

(iif) Ecosystem condition enabling ES assessmei@IS mapped condition variables
were used in ES models included NDVI, tree canopy cover and path proximity to forest
clearcuts.  Qualitative variables of condition derived from the Norwegian
methodology for recreation area mapping and valuation (Miljgdinektet M98
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https://docs.google.com/document/d/1IKTmmVFU1r0Fbkvhlvw96vSphim_stgO/edit

2013) included experience quality, symbolic value, knowledge value, functional
accessibility, facilities, and suitability for specialised uskkdel GLM multivariate

regression. The condition data used in tmedellingY' { S&4 GKA& I+ &o6Sai
case.

(iv) capacity-potential-supply-demand in ES assessmentmpact of forest cleacuts

on recreation demand is assessed. Recreation congestion or carrying capacity was not
assessed. This may limit the prediction of future recreation activity and net present
value calculations of forest asset value for recresti

(v) economic valuation compatibility. ¢ KS aiddzRe | NBF KIF a 7FdzNI
potential by including modelling of economic value of recreation activity vidibslél
value transfer); value of time esite (Model opportunity cost of time)

(vi) social benefits compatibility and dimensions of justicéNot assessed. STRAVA
recreation data do not assess so&iconomic or other social strata. Other methods
such as survey based PPGIS would be needed to improve best practice on this topic.

(vii) health benefitcompatibility. Thestudyl NB |  KIF & FdzNII KSNJ Wo Sai
by connecting recreation activity levels to health outcomes, using evaluation of
avoided illness incidencesMdel HEAT epidemiological functio&ahlmeier et

al.2017 and their economic valuédodel costof-iliness (COI)).
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Best practice case 2: Assessment of preschool garden conditions and their impact
on ES in Pozna®& Poland (Partner: AMU, Test

I FLIWGA2YY t NBaOKz22f 31 NRSya Ay tETyI-ZZ t 2t YR
Photo: lwona Zwierzchowska

¢CKS Yyl GdzNFf LXF@3aINRdzyRA AYy LINBaAOKz22fa Ay t21
studies in the Connecting Nature project (Dumitru et al. 2021; Zwierzchowska, Lupa 2021). It

A& Ly SEFYLXS 2F | a0Sad LINI OQéral 6 $heé diadrostiS & { dzF
topics for ES model design that may increase likelihoadsbtdke andspecified in the draft

Terms of Reference. The example illustrates:

M the assessment of ecosystem conditions enabling outdoor play and education in
contact with nature in preschools gardens

(i) the pilot assessment of societal benefits, including health outcomes and economic
impact of natural playground intervention

(i) the recognition of demands and needs in preschool garden transformation

(iv)  the potential for statistical modelling of condition variables as predictors of
duration, frequency of outdoor activities in contact with nature during stay in
preschools
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Figure23: Poznan Test Site ES model chain.
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The ES assessment chainFig 23 provides an overview of key variables actually used in
published studies, as well as potential variables/models that could increase the policy
relevance and likelihood of uptake in GI/NBS planningraadagement. The Test Site reflects
best practice in assessment of preschool garden conditions for leisure & education activities
in contact with nature in Poland for the following reasons:

(i)

(ii)

(iii)

(iv)

the assessment of ecosystem conditions enabling outdoor leisure and education
in contact with nature in preschools. Condition variables used included size of
preschool outdoor area, tree canopy cover, share of various green space types,
presence of naturaklements enabling contact with nature and presence of
artificial facilities enriching the play area. These variables enabling activities
promoting health, recuperation or enjoyment through active or immersive
interactions and enabling children educatiomda development. The model
informs policymakers about the potential for contact with nature in preschools
and highlightsthe priority of preschools for transformation into natural
playgrounds/playspaceModel: GIS mapping, survey in preschools

the pilot assessment of societal benefits, including health outcomes and economic
impact of natural playground intervention to inform City and Preschool
Authorities. The study test three health and wellbeing indicators based on 3
experimental groups (prebools with natural playgrounds) and 3 control groups
(preschools without natural playgrounds). The indicators include: Mental health
and wellbeing (Instrument: General Health Questionnaire (@B Goldberg et

al. 1997)); Improvement diehaviouraddevelgpment and symptoms of attention
deficit/hyperactivity disorder (ADHD) (Instrument: Strengths and Difficulties
Questionnaires (SDQ, Goodman, 1997)); Perceived restorativeness of public green
space (Perceived Restorativeness Scale (the short; PRPasii et al., 2014)).

The data were analysed with the IBM SPSS 25.0 statistical package. The analyses
included the calculation of descriptive statistics, comparisons of means through
Student's t test, and Pearson's correlatiofe model can inform preschool
YIylF3ISNE K2g 0GKSANI LINSBaAOK22f 2dziR22NJ
health and can show the impact of transformation in this resp&tbdel: survey

in experimental and control groups (preschools) and statistical analysis of data

recognition of demands and needs in preschool garden transformation for
providing leisure & education in contact with nature in preschodlse model
informs policymakers about preschools' willingness to transform their outdoor
spaces and what is needed to support this transformation. It is crucial information
to plan the longterm strategic support for preschools for iggale natural
playgrownds/playspaces creatiomlodel: survey in preschools and data analysis

the potential for statistical modelling of condition variables as predictors of
duration, frequency of outdoor activities in contact with nature during stay in
preschools. Not donget but have a potential for support decisiemaking in
transformation of preschool outdoor spaces into natural playgrounds/playspaces
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which is particularly valuable in dense urban tissue with limited opportunity for
contact with nature for childrenlt could inform policymakers on increasing ES
Ft206 OOKATtRNBYyQa 2dziR22NJ | Qesigrg,and S & 0
creating more attractive natural outdoor spaceBotential model: statistical
analysis (to be developed)

68




Best practice case 3: Characterising nature-based tourism/recreation in Malta

[ FLIGA2YY alftidlrQa OfAFTTaA AY
Photo: Martha V. Ardmbula Coyote

The Malta demonstration project combines the results from a previous study (Balzan et al.,
2018; Balzan & Debono, 2018; Costadone & Balzan, 2023). By leveraging different
crowdsource datasets, we assess, and map sites associated with high hatsed

receation and tourism visitation, and landscapes of unique samalogical value. It
addresses several of the diagnostic topics for ES model design that may increase likelihood of
uptake andis specified in the draft Terms of Reference. The example Righli & & o6 Sa
LIN OGAOSa¢ F2NJOAUOL adGlkaGAadAoOlt | (Wth&esduation LILI A S
of condition variables in assessing recreation use (the sites), and (iii) the potential for
assessment of societal and economic benefig @4).
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Figure24: Malta demonstration project ES assessment chain.
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The ES assessment chairfFig 24 provides an overview dhe variables and models being
considered for the demonstration project in Malta. The demonstration project reflects best
practice in recreation assessment in the context of Malta for the following reasons:

ES models for different application purposes:

Assessment of ecosystem conditiohlULC, Vegetation Indices, Tree canopy cover,
Land Surface Temperature, air quality models, species distribution models. Model: GIS
analysis according to the variable.

Assessment of ES flowthe ES assessment measures site visitation as a proxy for ES
flows and tourism benefits. Model: GLM/GLMM multivariate regression. GIS analysis
(hotspots were used to map Twitter posts of the recreation areas visited). Natural
Language Processing was catraat to know the activity done on the site.

End User engagementve are working with business stakeholders, e.g. the Malta
Business Bureau, to map visitation and assess values using PPGIS.

Overview of diagnostic topics in the case:
This section briefly explains the relevancehs Maltese casetudy to key diagnostic topics:

(i) spatiattemporal resolution. Use crowdsourced data from Twitter, Flickr, and
iNaturalist; LULC at 10 m resolution using Seninighages. Twitter API is no longer
free for research projects.

(i) uncertainty documentation. Enhancing data robustness by comparing
crowdsourced data with PPGIS data.

(iif) Ecosystem condition enabling ES assessmeBiSmapped condition variables

were used in ES models including LULC, Vegetation Indices, Tree canopy cover, Land
Surface Temperature, air quality models, and species distribution models. Model:
GLM/GLMM multivariate regression.

(iv) economic valuation compatibility. The inclusion of economic value modelling of
the recreation activities adds up to the best practice potential of the demonstration
project in Malta. Model: value transfer

(v) social benefits compatibility and dimensions of justic€ommunity preferences
were assessed through PPGIS which gives it further best practice ability to the project.
Model: PPGIS

(vi) health benefit compatibility: Not assessed. Other methods would be needed to
develop the best practice on this topic.
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Best practice case 4: Bosland

)
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In May 2023 Bosland received the status of National Park. Bosland is one of the biggest forest
areas in the North of Belgium (Flanders). It is approximately 29000 ha big of which 9000 ha
forests and open nature areas (heathland, inland dunes, wejldhtias a large recreational
network with hiking, bicycle, mountain bike amdrseriding networks. In its ambitions it
wants to create an ecological valuable ecosystem with strong biodiversity, that is climate
robust and with enough space to bring people close to nature and make entrepreneurship
possible. This process happens ircceation wth partners and stakeholders.
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Figure25: Test case Bosland Recreation model chain.
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The ES assessment chairfrig 25 provides an overview of the variables being considered in
the recreation assessment for Flanders and in particular the demonstration project Bosland.
The demonstration project reflects best practice in recreatsessment fothe following
reasons:

ES models for different application purposes:

Assessment of impacts on ecosystem conditiache model uses some condition
variables. results can be used to see whitre biggest pressures on the ecosystems
are and combined with condition parameters, biodiversity monitoring see what the
impact of recreation is and can be used in decisions about designating recreation
areas.

Recreation use accountingo inform the general public on the recreation activity use
of different areas in Bosland and benefits derived from it (expenditures and job
creation in the recreational sector)

End User engagementthe model is createdased onpreferences of endisers
(choice experiment) and can be used in combination with condition maps to discuss
where and how to designate recreation areas.

Overview of diagnostic topics in the case:
This section briefly explains the relevance of the Bosland demonstration project to key
diagnostic topics:

(i) spatiattemporal resolution. Use of OpenStreet Map and hiking and bicycle
networks. Land use and other parameters on resolution of 10 m. Parameters can be
updated over time to see evolution.

(i) uncertainty documentation. The model was validated with counting numbers in
different nature areas. But no sensitivity analysis was performed on the assumptions
made.

(iif) Ecosystem condition enabling ES assessmef@IS mapped condition variables
used in ES models included ecosystem type, naturalness (% forest and nature areas)
presence of water, % tree surface, heritage valBat also,some humans induced
factors were implemented in the model such as functional accessibility, facilities, noise
levels, visual hindrance

(iv) capacitypotential-supply-demand in ES assessmenSupply (attractiveness for
recreation) and demand (no of visits to greklue areas per inhabitant per year) were
assessed and combined. Recreation congestion or carrying capacity was not
assessed. This may limit the prediction of future recreatiotivily and net present
value calculations of forest asset value for recreation.

(v) economic valuation compatibility. ¢ KS & ddzRé | NBI KI & FdzNI

potential by including modelling of economic value of recreation activity vidibslél
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value transfer: perceived value or expenditures) and translating this to jobs in hotels,
restaurantsand cafes

(vi) social benefits compatibility and dimensions of justiceNot assessed. We did
adapt the number of yearly visits to the number of grédne spaces available (higher
when a lot of greefblue spaces available) and the number of children/elderly within
the population (recreate less).

(vii) health benefitcompatibility. Thesli dzZR& F NBI Kl & FdzNI KSNJ Wo €

by connecting recreation activity levels to health outcomes, using evaluation of
avoided illness incidences and their economic value {o68IALY)).
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Best practice case 5: Mapping flood areas, potential carbon capture areas, potential
and extant biodiversity, and potential outdoor recreation options for climate related
flood control along the Gudenaa River (Partner: University of Copenhagen, Test

Site)

Caption: Gudenaa River with winter flooding.
Photo: Silkeborg Municipality

The ES assessment chainFig 26 illustrates the variables employed in the conceptual
models. The Gudenaa River Test Site reflects the use of best practice when assessing
recreational services in Denmark.

Links between land cover types and the intensity of recreational use and faciitcekel
Land cover predict recreational use

Links between river and lake navigability and recreational use: information support decision
regarding the potential water related recreational uséodel Width and depth of riverand
depth of lakes predict recreational use.

¢KS DdzRSY Il wWA@SNI 6Sad OFasS NBLINBSaSyda aoSa
reatlife analysis commissioned by the Gudenaa River Committee, which consists of all
municipalities in the catchment area. The aim of the analysis was to suplecisions

regarding flood control and climate mitigation strategies with the aim of creating
multifunctional solutions with the inclusion of biodiversity and recreation. The basis for this
evaluation is our own ex post evaluation of the project.
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Figure26: Testcase Gudenaa River ES model logic chain.
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Ecosystem conditions predict ES5IS based mapping revealed land cover types which are
closely related to recreational use. The evidence for this link is provided by five decades of
national and local inventories on recreational users preferences. The land cover condition
variables (permaent grasslands, heath land, forests and nature areas) were inputs in ES
models. Inventories include preferred aesthetic qualities, weaasdbest experiences,
accessibility, and facilitievlodel The land cover typesikwn as the most preferred predict
recreational use.

The Gudenaa River Test Site encompasses the results from a comprehensive study on the
possibilities for solving climate change related extensive floods in combination with
strengthening carbon capturéjodiversity,and outdoor recreation (Andersen et al., 2023). It

stands as an example of best practice as it links the presence of rivers and lakes, forest, grass
and heath land cover with registered recreational use and facilities, and links that to possible
health benefits. These links may increasetie$t A K22 R 2 F dzLJil { S & ¢ KS
LINI Ol A O Siskihg lahddape dualities with intensity of outdoor recreation and the
potentials for strengthening recreation and health benefitgthe potential for enhancing the

policy relevance of the case by pointing at relevant-win situations where recreation can

be strengthened by climate mitigation efforts.
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Best practice case 6: Assessing coastal cultural ecosystem services for the Long
Term Thematic Plan on Coastal Public Infrastructure Development (Coastal Plan) in
Latvia (Partner: BEF, DP 07)

Caption: The coast of the Baltic Sea in Latvia.
Photo credit: Agnese Reke

The Latvian case study focuses on integrated assessment of coastal cultural ecosystem
services (CES) at the national scale in Latvia. It is a part in a wider¢sRetyponstration
Project 07 on uptake of ecosystem service information in the interim evaluand update

of the Latvian Maritime Spatial Plan and the Ldregm Thematic Plan on Coastal Public
Infrastructure Development (Coastal Plan). The case combines two studies conducted by the
Baltic Environmental Forum: (i) an ongoing assessment of lapelsgaalities and their
contribution to CES supply by adopting the landscape character assessment method ,
originally developed in Scotland and England (Swanwick 2002, Tudor 2014) and later on
tested and validated in Latvia (Veidemane et al. 2024); (i@sassent of the of CES by
participatory GIS (PGIS) method with focus on the actual use (demand) and potential, as well
as perceived welbbeing benefits linked to cultural ESprevious study conducted in 2021
within the framework Interreg projedlAREA
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¢tKS RSY2yauNIGA2y &aA0S NBFESOGa woSald LINI OGA
of sustainable coastal development in Latvia for the following reasons:

() ES models/methods for guiding national, regional and local authorities in sustainable
tourism development planning(seeFig.27)

Assessment of landscape qualitiesA comprehensive indicatdrased landscape
quality assessment allows pinpointing areas with distinct natural, cultural, and
aesthetic significance. This aids decisiakers in devising plaespecific strategies
for sustainable recreation and tourism ddepment that safeguards ecosystems,
preserves place identity, and upholds the intangible values cherished by local
communitiesModel: Landscape character assessment (Swanwick, 2002).

Assessment of use of the coastal areas for recreation and other G&38ine and
faceto-face PGIS survey of the coastal CES users to identify favourite activities, their
geographical distribution, as well as perceived weling benefits and other aspects
important for coastal visitors. The use of this method enables natigon of
stakeholder values into the coastal development plannigdel: Participatory GIS
survey

(i) Ecosystem condition enabling ES assessm@&aith models/methods include ecosystem
condition aspects in defining the suitability or potential of the coastal areas for recreation and
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other CES related activities. The landscape quality assessment includes quantitative and
gualitative variables reflecting aesthetic qualities (e.g. landscape openness, scenic views,
visual pollution), landscape diversity (e.g. land use/land cover diveesity naturalness (e.g.
presence of natural microrelief, naturalness of water streams, share ofsatural habitats).
Indicator values for assessment of landscape qualities are derived from the analysis of
landscape metrics, shoreline features, as weslfiald observations. PGIS survey detects the
environmental variables (e.g. presence of species, water transparency, beach substrate and
vegetation) that people find important for practicing certain CES related activities.

(i) Capacitypotential-supply-demand relation in ES assessmentandscape quality
assessment is targeted to ecosystem capagdatential for CES supply: abiotic and biotic
features of landscape in combination with human inputs/ anthropogenic structures like
settlements, cultural heritage, tourism infrastructure, acsiedity determines the potential

and capacity for enjoyment of CES. Sugf@ynand relationship is represented by the actual

use of the service the favourite coastal sites for practicing &£Eelated activities and actual
observed number of visitors at certain locations/ coastal stretches. PGIS survey on use of CES
demonstrates the suppidemand relation, also highlighting the importance of accessibility
(infrastructure, proximity to settlemets) which highly impacts the actual use of the services.

(iv) Public engagement and close cooperation with decision makdistoughout all stages
of the case study, there is active public engagement and collaboration with deaisikers
to ensure that the outcomes align with their requirements.

Overview of diagnostic topics in the case:

CKS F2tf26Ay3 aSOGA2Y adzYYFNRA&aSa GKS OlFasS GK
LIN} OGAO0SQ FTNRY (GKS KeLROGKSOGAOFE LISNBRLISOUAODS
assessments as the Latvian Ministry of Environmental Protection and Regional

Dewlopment. This summary is based on a-d&fjnosis of our case with the help of the

TOR template with the 7 diagnostic topics applied to ES models in the Latvian coast:

0] spatiattemporal resolution.

The case study is implemented at the national scale. Landscape assessment is
conducted on the level of landscape areaselatively homogenous spatial units
identified to match the scale and need of the required decision support. For the
identification oflandscape areas, maps of various scales were used to ensure accuracy
of results.

(i) uncertainty documentation.

Uncertainty in PGIS: the conducted survey is not a nationally representative survey. It
was conducted as a targeted survey (target grqupcreational coastal users); given

the absence of official data regarding unique coastal visitors in Latvia, theredqu
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minimum number of respondents was calculated based on the total population (min.
required ~600 respondents (Cl 95%, MoE 4%), reach&®8). Due to method
specifics, uncertainty is not documented in landscape assessment.

(i) ecosystem condition enabling ES assessment.

Condition was assessed by landscape characterisation method that evaluates
landscape qualities such as landscape naturalness that is tightly linked to ecosystem
condition. Condition related variables are also included in the PGIS survey to identify
envirormental features that are important for visitors of the coast.

(iv)  capacitypotential-supply-demand in ES assessment.

Capacity and potential are addressed by landscape characterisation method. -Supply
demand relationship is represented by the actual use of the service by mapping the
favourite coastal sites for practicing CES related activities (PGIS data) and actual
obsened number of visitors at certain locations/ coastal stretches-gi@ visitor
counts).

(v) economic valuation compatibility.

Currently not assessed. Other methods would be required to improve best practice

on thistopic.

(vi)  social benefits compatibility and dimensions of justice.

Partially assessed by PGIS survey targeted to recreational coastal users. The survey
identified perceived welbeing benefits that are linked to CES related coastal
activities, as well as environmental features users of the coast see as important (e.qg.
prea Sy OS 2F ALISOASAEAIT 41 GSNI N yaLl NByoesx f|
LINF OG0 AOSQ LI G S ydépihlsécial bénefithaylay$isizis iwglHas justice
aspects in access and use of CES.

(vii)  health benefit compatibility.

Partially assessed via targeted participatory GIS survey by linking recreational activities
to perceived welbeing benefits (including improving and maintaining physical and
YSyilFf KSFIfOKO® ¢KS addzRé KI & FdzNEBt&E SNI Wo ¢
recreation activities to more concrete health benefits.
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6.3.3 Draft Terms of Reference proposal from ES group

In thissection we provide a tabular summary of thevised checlist questions on methods

that have been reviewed by the amenities and recreation services group. The table contains
an assessment of questions that are useful as is, and questions that could be useful if they
were reformulated. Suggestiorfser reformulation of questions are provided. This is a
starting point for work in D4.3.

In summarising recommendations from the group on amenities & recreation we included
a2YS ljdSaiAz2ya a adzaS¥dAd Ay lye O2yiSEGéES |
G NB SO2y2YAO k a20AFf k KSI f &uppodibyodrEasdl & NI
dddzReKé gl & SOOI fdz § SR [|-Zcae gtddies. AMdsYe§uirds YuBher NI f S
diagnostics in those cases (s&enex 3.

Table8: Draft terms of Reference as agreed by the working group members to evaluate
amenity and recreation models. The questions under the green row are applicable under any
ES modelling context. Those under the blue row are relevant only in specific conteods. T
under the yellow row were deemed less relevant, but might be improved upon in further
development in Task 4.3. Those under the grey banner require further review in collaboration
with stakeholders in Task 4.8he column on the right includes additmincomments from
group members for potential further development.

ToR guestions useful in any context

Diagnostic topic Draft TOR questions Question reformulations

What methods for assessing
Ecosystem condition impacts of ecosystem condition ¢
services doegour assessment us

Spatial and temporal What is the spatial scale of the
scaling, resolution and decisionrsupport needed from the
uncertainty ES assessment?

Spatial and temporal
scaling, resolution and
uncertainty

What are the spatial units used
the assessment?

What indicators for ecosystem
service (ES) supptiemand does
the study use?

Capacitypotential,
supplydemand

Are social benefits arelevant  consider formulation of follow
outcome for decision support in up to address exceptional ca:
your study? Why/ not? where not relevant

Social benefits and
dimensions of justice
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Are health benefits a relevant  consider formulation of follow
outcome for decisiorsupport in  up to address exceptional ca:
your study? Why/ not? where not relevant

Health benefit
compatibility

Are economic benefits a relevantconsider formulation of follow
Economic valuation  outcome for decisiorsupport in  up to address exceptional ca:
your study? Why/ not? where not relevant

ToR questions useful in some contexts (or require reformulation)

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

Are metadata for spatial scales aAre input and output variable:
resolutions included and followingpubliclyFindable, Accessible,
the INSPIRE directive? Interoperable, Reusable (FAI

Spatial and temporal What common frameworks (e.g.

scaling, resolution and CICES, Essential variables, MAEIls astandardised definition of
uncertainty of ES are used to defined and ES used?

assessments communicate ES?

Is the method choice justified
Were the methods used to asses . J
: for a specific purpose and
ecosystem services selected to
. user? Were the methods for
match the complexity of the
. assessment selected to matc
decisionsupport needed (e.g. to

inform, to decide, to design?) ;Z%Sgﬁg of the decision

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

Spatial and temporal

scaling, resolution and Which spatially explicit indicators
uncertainty of ES used to assess ecosystem servic
assessments

Does the spatially explicit dat
represent the intended
service?

Spatial and temporal What third spatial dimension (e.g
scaling, resolution and elevation above sea level, relief,
uncertainty of ES slope) are considered in the ES
assessments assessment?

Does the ecosystem service
depend on elevation, relief or
slope?

Spatial and temporal Does the spatial resolution of  Does the resolution of
scaling, resolution and ecosystem conditiomndicators  condition variables match the
uncertainty of ES match the scale of the ES resolution needed to assess
assessments assessment? benefits to ES beneficiaries?

Spatial and temporal How has a sensitivity analysis to
scaling, resolution and understand their implications on
uncertainty of ES ecosystem services been
assessments considered?

Has sensitivity analysis of
model or data uncertainties
been conducted?
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Is the highest spatial resolutic
available used in the ES mod
Perhaps include question:
"Does the study perform
sensitivity analysiswhy or
why not" first?

How has a sensitivity analysis of
mapping at different spatial scale
and their implications on
ecosystem services been
considered?

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

How are the spatial
m_terdependenmes betwe_en ... Are tradeoffs between ES
different ecosystem services with
assessed?
the study area assessed and
reported?

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

Spatial and temporal How does the assessment take i

scaling, resolution and account the spatiotemporal What period of change does
uncertainty of ES dynamics and potential future  the assessmentonsider?
assessments changes of ES?

Spatial and temporal How does the study consider
scaling, resolution and multiple models or model
uncertainty of ES ensembles, and the possibility of
assessments range of ES outcomes?

Are alternative ES models us
to test robustness of recreatic
estimates?

Spatial and temporal How does the study consider futt
scaling, resolution and scenarios in study context, and tt
uncertainty of ES possibility of a range of ES
assessments outcomes? ?

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

Does the study model risks for
beneficiaries (ES benefits x
probabilities)?

Does the study quantify
uncertainty in ES outcomes?

How does your study emphasise
the integration of biodiversit . L
. gre . Y Are biodiversityindicators use:
Ecosystem condition conservation within the evaluatiol.
" in ES models?
of ecosystem conditions and
services?

How does the study emphasise t

integration of wellbeing Are weltbeing metrics linked
Ecosystem condition assessment within the evaluationto condition or service

of ecosystem conditions and variables in the model?

services?
Capacitypotential, What indicators for ES capacity Is carrying capacity for the ES
supplydemand potential does the study use?  assessed?
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Dimensions of capacityHow does the study consider the
potential, supply relationship between ES capaeity
demand potential and supphdemand?

What sustainability thresholds for

ES supphuse are relevant to the Is carrying capacity for the E¢
study (e.g. minimum safe assessed?

standards, precautionary polic¥)

Dimensions of capaciy
potential, supply
demand

Dimensions of capaciy
potential, supply
demand

How is uncertainty in ES supply
demand addressed

At what scales (temporal, spatial,
Economic valuation  beneficiaries) is there a need for Split into temporal, spatial
economic valuation ?

Does the study describe and
distinguish between the total flow
of the ecosystem service and
Economic valuation  changes in the flow (as result of ¢
change in management, extent,
condition etc)? <valuation is only
theoretically correct for changes>

How does the study assess and
Economic valuation  address uncertainties associated
with the valuation?

How does the study assess leng
. : term d_ynam|cs In ecosystem . Combine with question under
Economic valuation  capacity, supply and demand in .
. ...condition
order to measure the sustainabili
of ES use and values?

How does the study measure the
contribution of ES to economic
development indicators (e.g.
employment, growth)?

Economic valuation

How does the study identify or
assess disparities in who is affec
positively or negatively by changt
in ES supply or access to ES
benefits?

Social benefits and
dimensions of justice

Social benefits and How does the study consider
dimensions of justice existing social disadvantages (e.(
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sociceconomic, gender,
race/ethnicity/ disabilities etc) tha
are related to ES inequalities?

Social benefits and
dimensions of justice

How does the study evaluate the
potential impacts of different polic
actions on the distribution of ES
benefits among various societal
groups?

Social benefits and
dimensions of justice

What indicators have been

developed which are specifically Have these social benefit
social benefirelevant? Have indicators been developed or
these social benefit indicators bedetermined by the

developed or determined by the engagement of stakeholders”
engagement of stakeholders?

Social benefits and
dimensions of justice

How does the study consider the
intergenerational aspects of ES ¢
their implications for future well
being (e.g.impacts of policies or
activities)?

Health benefit
compatibility

Are health benefits a relevant
outcome for decisiorsupport in
your study? Why/ not?

Health benefit
compatibility

What distinct pathways between
ecosystem structure / function /
ecosystem services have been
explored or identified for those
health aspects?

Health benefit
compatibility

How does the study identify 2 2 NRAY3 FYyR O

disparities in access to / benefits . = . a . .
: 0 TAU K
from healthbenefit ES and attem|O .S y'S u 9{e .
: drivers as a separate questio
to understand the drivers and .
for policy purposes

consequences of sudalisparities?

Health benefit
compatibility

Generic not health; this wouli
be covered through the
pathways question. Does the
ES model/mapping make it
possible to assess distributive
impacts on health ?

How does the study assess the
current and / or potential future
distributive impacts of policies or
activities on ecosystem
management?

Health benefit
compatibility

How does the study account for Generic- not health related; A
existing formal and informal guestion no related to ES
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governance mechanisms relevanmodelling belongs in scoping
to ES in the study area? step

How are the study scenarios /

Health benefit models / inputs / outputs validateGeneric to economic, social,
compatibility against local knowledge or economic
perspectives?

What indicators are specifically
Health benefit relevant to health benefits ? (wer
compatibility they determined by engagement
with stakeholders?)

What indicators are specifically Were indicators of health

Health benefit relevant to health benefits ? (werbenefits determined by
compatibility they determined by engagement engagement with
with stakeholders?) stakeholders?

ToR guestions with less usefulness

. . e Redundant questior ES is a
What biophysical quantification Obiophysical quantification. If E

Economic valuation  ecosystem services are relevant . . .
. ) iscorrelated with condition so
economic valuation of ES?

is economic value.

How does the study include an
assessment of the stocks and flo
of health relevant ES?

Health benefit
compatibility

ES is not a stock; redundant
covered by the question abo\

ToR guestionsequiring further review (incl. new questions)

Spatial and temporal

scaling, resolution and Are maps of the study area used
uncertainty of ES visualise the assessment results’
assessments

Spatial and temporal
scaling, resolution and
uncertainty of ES
assessments

Are the data and knowledge nee«
already known & discussed with
the potential user of the results?

Are stakeholders consulted to
decide which specific condition
indicators (e.g. species, variety,
naturalness, managemeiitvel,
y2AasS tS@St X0 |
account in the model?

Ecosystem condition
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Dlmen.3|ons of C‘fjllo"’lCHyAre stakeholders involved in the
potential, supply model building?

demand

Are different types of
Economic valuation  beneficiariegdusers considered to
develop the demand site model?

What is the distribution of private

Economic valuation .
conomic vaiuatio and publiclyowned lanc®
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6.4 Agriculture & forestry provisioning ecosystem services

6.4.1 Summary of ES group approach

The SELINA group studies dealing with ES in agriculture and forest systems assess a wide
range of ecosystem services from these systems, including various regulating services. This
means that the validation of the diagnostic topics chéskgathers the experiences from
heterogeneous and diverse group of ES assessments. Theldtstlave been evaluated by
eight DP/TS which include the assessment of the following ES, although not exclusively: food
and timber provision, pollination, soil erosion control, global climatgigation, habitat
provision for native flora and fauna and services related to soil water holding capHudy.
assessments also vary in terms of their geographical scope, from the national to the local
level, and in terms of the policy/decisignaking purpose of the assessmehigd.28). In some
cases, the assessment has a local focus to develop methodologies, but with the aim of
upscaling at the national level. This means that the validation of the diagnostic topics check
list gathers the experiences from a heterogeneous and diversapgof ES assessments,
which can enable the consolidation of a minimum set of questions of general validity.

ES in agriculture and forestry
A DP: Spain

AN . >
X < e . o
R e DP; Lithuania & DP Estonia !
(,(-3 « T ! >
1
N DP: Cyprus i . |
o < — | TS: Gudenaa River ! :
2 < T | > 2. Define the purpose
A 1 1
: : l
1
4\06,\3\ DP: N Portugal : !
— \
Q° o T ATt [ 3. Establish the scope
TS: Hannover pollination | TS H llinati
g : I - Fannover po ination
-c')‘(’g\ « - ! . >
o [ 1
> DP: Bosland | !
< — ! 1 4. Choose and apply
'""'_______________"'+ """""""""" JI' __________________ methods
1
ooefd i :
b : ! v
) 5. Communicate results
to inform decisions
Valuation to Vakustion Valuation to
inform mto decide

Figure28: Spatial scales and the polieglevant purpose of eight Demonstration projects /
Test sites ecosystem services assessments in agriculture and forest systems. The arrows
indicate the range of the policy cycle steps the assessments aim to inform.

We provide background to the chedikts validation by this group of ES assessments to enable
a better understanding of the responses:

(1 In several instancg the scope of the ES assessment does not include all
the components of the ES cascade/logic chain. The validation of the
diagnostic topic questions refers then to questions within the scope.
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(i) Several assessments deal exclusively with methodological developments on
specific components of the ES assessment (i.e. exploratory or research and
development driven assessments), so not all valuation components have been a
priori thought through. The li©of diagnostic topics can raise awareness about why
the methodological developments are needed.

(i)  There is a predominance in this set of studies on a focus on the biophysical
components of ES assessment. Hence, for the validation, direct experience refers
to this group of diagnostic topics.

(iv)  In two examples, i.e. crop yields in Denmark and the risks of fires in managed
forest in Northern Portugal, there is an explicit economic valuation element,
relevant for decisions in the private sector/businesses. However, other
assessments (soil water holding capacity in cropland in Cyprus, fodder production
in seminatural grasslands insknia, and pollination services potential in
Germany) have relevance for private sector decisions.

The evaluation reveals that there is still the need to harmonize the use of concepts in ES
FaaSaaySyidao ¢CKAad NBFSNER F2N) AyadlyosS Gz
a0F1SK2ft RSN INRdzLIAQ 2 NJ Wa iad R ORf R S NJ OF RENarIQF
combinations, but also questions about how to deal with differences among ES assessment
frameworks. There is a neddr harmonization and agreement about definitions and models
emerging from existing frameworks (e.g. SEEA EA, CICES, MAES, etc.).

Evaluation within and acrosschecklists A general comment that emerges from the
evaluation is that the same or similar questions appear both within a el&cfaddressing

different steps of the assessment) and in different chisis, hence at a second stage of
consolidation, a recommendatiois to ensure that each list maintains the most important
guestions, and that those duplicated (sometimes these are slightly differently worded, but

have similar content) in other lists are removebhere seemsspeially to be overlap
0SUsSSYy GKS fAata 2F jdzSadAz2ya NBIFNRAYyI W9
[ LI OAdGes {dzLJL) & I yR chedkbs> odzi I faz2 GAGKAY |
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6.42 Sel ected fiBest practiceo model applicat

Best practice case 1: Modelling pollination potential in Lower Saxony (Germany) for
a sustainable regional landscape management (LUH, Test Site 11)

SELINA Test Site no. 11 is focused on assessing the potential for the regulating ecosystem
ASNIAOS WONRBL) LRITtAYFIA2YyQ Ay (GKS wS3IAz2y 27F
habitat suitability for wild bees (Hinsch et al. 2024). The modelling a@mbracombines

ESTIMAP modules (Vallecillo et al. 2018) with ecosystem condition indicators to increase the
sensitivity of model outcomes against changing habitat conditions for pollinators. The
assessment purpose is to provide a decidiase for an improve biotope management in

cultural landscapes and protected areas by deriving recommendations, e.g. for priority areas

for conservation measures. Model development and implementation were embedded in a
participatory approach with experts and stakeholders @nsure practical relevance of

outputs.

The Test Site thus serves as a best practice example for (i) including different ecosystem
condition scenarios to improve the pollination potential model, (ii) the stakeholder
involvement and result communication and (iii) the potential for enhancing ypoéilevance

by building upon the results for further assessments.

Despite the mentioned strengths, some challenges were encountered at the Test Site- Model
related issues included the low resolution of condition indicator data and the lack of
comprehensiveness from using only one indicator, which are, however, notspas#ic
problems. The main specific challenges at this Test Site refer to the involvement of experts
and stakeholders. First, finding wild bee experts for scoring model input parameters was
difficult. The initial aim was to include only local experts tswge scores suited local biotope
types, but the number was too low. This issue was addressed by extending the group to
national experts. Second, involving farmers in the discussion of results was challenging.
Despite explicit invitations, no representats/éfom this stakeholder group attended the final
event. Consequently, the discussion of results and their applicability was limited to local and
regional authorities, NGOs, researchers, and planners. It is assumed that participation was
difficult for farme's because the event occurred during working hours and was unpaid, which
is challenging for seémployed farmers. This issue was partially mitigated by a representative
FNRY [26SNJ {lE2yé&Qa /KIFIYoSNI 2F | ANA Odzf G dzNB =
information.
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The ES assessment logical chaiRign29 provides an overview of variables actually used in
the model, as well as variables/models that could potentially increase the policy relevance
and likelihood of uptake in planning and management. The Test Site currently reflects best
practice in pollinabn assessment in Germany in the following application contexts:

Including ecosystem condition scenariosDifferent habitat conditions were
considered in the expert scoring process, suitable condition indicators were selected
for three distinct ecosystem types within the Test Site area (agricultural land use
intensity, forest management intensity, quantity arban green) and the variables
were classified into three condition scenarios to create an ecosystem condition map

as input for the ES model.

Biophysical valuation of ES potentialhe ESTIMAP model (Vallecillo et al. 2018) was
enhanced by the consideration of ecosystem condition scenarios and the final

AYRAOI 02N WLRGSYGALl f

KFoAdGlIG adaAadlroAfAde

measure for the ecosystem potential toguide pollination.

Stakeholder engagemeniVild bee experts and neaxpert stakeholders from policy,
administration, consulting, nature conservation, and agriculture were involved in the
model adjustments and plausibility checking. The model thus considers practitioners
needs and expectations andrqvides best possible outcomes for a meaningful

application.

The following section briefly explains the relevance of the Test Site approach to the 7

diagnostic topics:

(i) Ecosystem condition enabling assessmeiibhe ESTIMAP model (Vallecillo et al.
2018) was enhanced by considering different scenarios of ecosystem condition during
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the expert scoring and by applying different spatially explicit condition indicators for
distinct ecosystem types. Selected indicators were agricultural intensity, forest
management intensity and quantity of urban green space. The integration of condition
indicators, and the potential to refine it by including other or more indicators, makes
the Test Site a begiractice example. Optional variables for agroecosystems, that
were identified as suitable ecosystem condition indicators to be included in thesfutu
are for instance crop species diversity or density of seatural habitats.

(ii & iii) Dimensions of justice and health assessmert our estimation, our
pollination ecosystem service model application has only little direct justice or health
dimensions, which therefore were not explicitly considered in the assessment.
However, the Test Site had a strong participatory approach bydmg experts and

local stakeholders during the entire assessment process in a series of workshops. The
workshops were conducted at different stages and aimed at involving stakeholders
during data sedction, model implementation and to verify plausibility of intermediate
results. Stakeholders from research, policy, administration, consulting, nature
conservation, and agriculture were invited for the presentation and discussion of
results. Results werdiscussed regarding their significance for policy and planning
support, alongside discussions on potential measures to enhance habitat suitability,
their benefits, and feasibility. Furthermore, the used communication media and
potential communication charels were discussed. The Test Site thus represents an
example of best practice in terms of stakeholder involvement and communication.
This could also be used to highlight possible justice or health aspects more explicitly,
by setting the focus on differenstakeholder groups' needs (e.g. organic versus
conventional farmers).

(iv) Spatial scaling and resolutiorBiotope type data from 2020 provided by the

Region of Hanover on a 1:25 000 scale was used as a baseline dataset to estimate
nesting and foraging capacity. The dataset exhibits a sufficient spatial resolution for

the assessment purpose, as confirmed by ek in a workshop prior to the
assessment. With regards to the condition data, the urban condition indicator
Wijdzk yGAGe 2F dzNBlFy 3INBSY aLI O0SaQ ¢l a LINRC
on agricultural and fore&t management intensity were not sufficiently resolved for

local assessments, but the model approach allows for easy replacement of indicators.

The above mentioned optional additional variables crop species diversity and density

of seminatural habitats ag available, for instance, in 10m resolutions.

(v) Uncertainty documentation Results plausibility was discussed and generally
confirmed by experts. However, reliability of outcomes would be increased by a
validation, which could for example be done in a sample mapping approach of wild
bees in the modelled areas. Simplifying modedsumptions and underlying
uncertainties (such as too coarse resolution of two of the condition indicators) were
explicitly stated during result communication with stakeholders and in the associated
publication. However, theabustness of findings is limited as no uncertainty measures
(confidence intervals, sensitivity analysis) were provided.

(vi) Capacitypotential-supply-demand in ES assessmeiitie Test Site only dealt with
assessing the potential for pollination by modelling pollinator habitat suitability.
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Demand was not assessed. However, the stakeholder involvement approach holds
potential to assess the demand, e.g. by identifying and modelling spatial distribution
of pollinator dependent crops and vegetation.

(vii) Economic valuation compatibility b2 G aaSaaSR® ¢KS &adGdzRe
LINF OGAOCSQ LRISYlGAlIt o6& Y2RSttAy3a SO2y2YA
economic losses in case of crop failure due to lack of pollination (Model: damage cost
avoided). An economic valuation is veever not the purpose of the Test Site
assessments, which aim at a biophysical quantification for landscape management.
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Best practice case 2: Modelling soil retention loss by forest fires in Northern Portugal

(Test Site 17)

N
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pr

0 1000 2000
e Km

[ Burned area and Fire severity J

Forest

Land cover type

Shrublands

Figure30: Location of the focal area in NUTIENorthern Portugal (top left panel). Burned
area in the focal area between 2015 and 2018 (top right panel). Forest and shrublands cover
types in prefire (unburned) and posffire environments according to different heels of fire
severity (bottom panel). Photo credit: SeverusPT project (FCT, ref. nr.:
PCIF/RPG/0170/2019).

Background:Forest fires in Portugal can be seen as negative externalities associated with
practices and socioeconomic changes in the agricultural and forest sectors, such as 1)
neglected forest management (e.g., lack of fuel management); 2) intensified forest
managenent (e.g., monoculture plantations), 3) inappropriate afforestation (e.g., very
flammable species in former croplands/pasturelands); 4) farmland abandonment (Mateus
and Fernandes 2014). Uncontrolled forest fires can reduceegiging ecosysta services

(ES), such as soil retention by fostering soil erosion (Sil et al. 2019).

Aim: The aim of the Northern Portugal Test Site (SELINA Test Site 17) is to demonstrate how
reduced ES (timber production, carbon sequestration, soil retention and visitation) from
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forest fires can be accounted for using the NUTS8Idrthern Portugal as the focal area. Here
we demonstrate the example of the impact of forest fires on soil retention ES in burned forest
and shrubland areas by applying a modelling approach using thrgavidlorganFinney
(MMF) soil erosion model (Morgan 2001).

Model description and application:MMF predicts soil erosion rate, i.e., the amount of soill
loss (kg/m) in a given year (Morgan 2001). The model uses soil properties, topography,
precipitation, and land cover as major inputs. Soil erosion is modelled based on 1) the water
phase: which determines the energy of the rainfall available to detach soil particlaghe

soil mass and the volume of runoff; 2) the sediment phase: rates of soil particle detachment
by rainfall and runoff are determined along witte transporting capacity of runoff; 3) then,
predictions of total particle detachment and transport capacity are compared and erosion
rate is equated to the lower of the two rates (Morgan 2001). MMF has been applied in
Portugal to predict postire soil gosion due to fireinduced changes in vegetation according

to burn severity levels in shrublands and forests (Parente et al. 2022). The novelty of MMF
application within the Northern Portugal Test Site is the incorporation of observed fire
severity based o satellitebased spectral indices (i.e., the NBformalized Burn Ratio) from
Sentinel2 and field plots (Gongalves et al. 2024). Three classes of burn severity from 2017
wildfires in Northern Portugal were considered under calibration model paramesssdon
previous work of Parente et al. (2022).
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Figure31: Logic chain for modelling soil retention loss by forest fires in Northern Portugal
Test Site.

The logic chain ifrig 31 provides an overview of the application of the Morgslorgan

Finney (MMF) soil erosion model to modelling soil retention ES iffifgreand postfire
environments and the loss of soil retention ES due to wildfires (negative externality) according
to different levels of fire severity. Potential enabling factors and secimnomic harmful
impacts from soil retention ES loss are shown. Soil retention ES loss is estimated as the
difference between 1) the ecosystem's capacity to retain soil in thefipgeenvronment,
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calculated by subtracting structural soil erosion (i.e. in the absence of vegetation) and the
fraction of soil eroded in the presence of unburned vegetation and 2) the ecosystem's
capacity to retain soil in the posire environment, calculated by subtracy structural soil
erosion (i.e. in the absence of vegetation) and the fraction of soil eroded in the presence of
burned vegetation according to fire severity levels.

RelevanceDifferent levels of the policy cycle would benefit from our study, for example,
policy formulation, adoption and implementation 1) by providing insights into planning and
management of firgorone landscapes (e.g., Landscape Design and Management Proggamme
or Forest management plans) regarding adequate management practices to mitigate severe
wildfires and ecological and socioeconomic plre harmful impacts; 2) by incorporating soil
retention loss predictions to evaluate impacts, prioritize tpfiee erosion emergency
measures, as well as their potential costs, and devise eventual damage compensation plans.

ChallengesThe main challenges identified in the application of the MMF model to the Test
site, thereby limiting its uptake by policymakers and stakeholders, weréhe high demand

for spatial inputs compared to other approaches, e.g., RUSLE equation; 2) theoné&ett-

work measurements to calibrate model parameters (e.g., effective hydrological depth in
burned areas) to adequately simulate pdse soil erosion according to different levels of fire
severity and types of vegetation; 3) the need to addressuamty associated with model
inputs (e.g., ERA interim vs. ERA 5 rainfall data; Parente et al. 2022)

5AF3Ay2a40GA0 G2LIA0CA NBFESOGAYy3 aoSaid LINFY OGAOSE

When going through all the chedikt questions through the seven diagnostic topics, many of

them were not considered in our Test Site development, and therefore there is room for
improvement in the development of our Test Site study that can still beemehted.

However, there are many questions that were considered without prior acknowledgment of
thechecklist yR OFly 6S ARSYUGAFASR & | aoSad LINI OG7
in each diagnostic topic:

i) Spatial scaling and resolution capabilities and modekd| the spatial scaling and resolution
questions applicable to our modelling approach were well addressed. The Mbdtgeyan
Finney (MMF) erosion model was applied at the regional scale, i.e., NUTS$orthern
Portugal (21,515 kA). The spatial resolution of model inputs and outputs was set to 20m
pixel size

i) Ecosystem condition variables in E8cosystem condition variables were included in the
modelling process based on several parameters required by the MédvimganFinney
(MMF) soil erosion model, namely: 1) land cover types and extent (i.e., forest area (37% of
the total surface) and shrubtals (22% of the total surface)) and vegetation proprieties (i.e.,
rainfall interception, canopy cover, plant height, evapotranspiration, crop cover
management, ground cover); 2) soil proprieties (i.e., bulk density, effective hydrological depth
of soil; maimum soil moisture storage capacity; soil detachability soil surface cohesion); 3)
landform (i.e., slope steepness); 4) precipitation (i.e., annual rainfall, days with rain, rainfall
erosivity); 5) fire extent and severity (i.e., burned areas at diffesavierity classes: low
moderate; moderate high; high- very high)
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iii) Capacity, potential & actual supply, use, demanecosystems capacity, supply and use
were addressed in the Test Site by applying the MosglanganFinney (MMF) soil erosion
model to assess soil retention ES supply and loss due to forest fires (negative externality) and
potential harmful impacts. On theatihand side, the Test Site identified potential stakeholders
who benefit from the study. However, the Test Site did not consider the involvement of
stakeholders from the beginning, nor training for professionals, which can be seen as a caveat
on the study ptake for decisiormaking

iv) Economic valuation compatibilityc in our Test Site the biophysical quantification of
ecosystem services will be the basis for the economic valuation under WP5, including the total
ES flow and changes in ES flow. A final workshop for stakeholders to present the policy
recommendations is ptaned

v) Social benefit compatibility and dimensions of justiethe questions related to this
diagnostic topic were not considered, especially because stakeholders were not included
from the beginning, but are indeed very relevant

vi) Health benefit compatibiliy - we do not consider health compatibility, although very
important when having fire as the main driver of impact

vii) Uncertainty assessmén- the uncertainty was considered through all modelling
approaches under the modelling evaluation when considering fire impact under 3 classes of
fire severity and not only the fire itself, using calibrated values for forest fires in Portugal
(Parente et al.2022)
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Best practice case 3: Modelling habitat provision for waders and fodder supply in
coastal wetlands in Estonia (EMU, Test Site 18)

Photo depicting one of the study sites in the Estonian west coast.
Photo credit Volha Kaskevich.

SELINA Test Site nr. 18 addresses ecosystem services supplied by coastal wetlands (Annex |
habitat type: Boreal Baltic Coastal Meadows, 1630) in the west coast of Estonia. More
specifically, the Test Site focuses on the role of these coastal wetlands in supporting
biodiversity, supplying habitat for breeding wader species (e.g. Baltic Dunlin, Common
redshani (Fig.32). In addition, the Test Site also assesses the capacity of coastal wetlands to
maintain grazing cattlenodelling the quantity and nutritional values of fodder supplied by

the meadows. The modelling approach builds primarily on dideeved data (e.qg.
multispectral imagery), field data (vegetation surveys and hatching success data), and lab data
(nutrient content). The assessment purpose is to better understand the ecological role of
coastal meadows. However, the results of these models could potentiallysed in fine

tuning meadow management strategies, e.g. adjusting grazing loads to ensure habitat supply
for wader species. The models further utilise machine learning techniques to handle the large
amounts of input data and provide spatially expliciegictions on the targeted ecosystem
services.

The main challenges in this TS are related with two aspects, namely: the large amount of data
required and limited uptake of the information generated in current management practices.

In terms of data needs, statistically reliable outputs demand large tifiesof in-situ data,

used in both training and validation of the remote sensing models. This may constitute a
challenge due to remoteness of study areas and lahotansive fieldwork. The uptake of the
models in ongoing protected area management practices has beetedirthus far. This is

likely due to the lack of expertise in public organisations and a certain reluctance to adopt
new solutions. Moreover, there are evident needs for uandly tools that can help turn
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processed information into readily usable Gkised decisiosupport tools and platforms, an
area of development that is beyond the capacity and competeoicthe academic sector

Test site nr. 18 can be considereest practice in terms of:

1. Very high spatial resolution, targeting the scale of ecosystem processes relevant for
habitat supply and fodder production.

2.  Explicit validation of modelling outputs witksitu data.

3. Potential to provide managememtievant information for both protected area
managers antandownergfarmers.

Although this Test Site is strongly driven by the need to better understand the connections
between coastal wetland condition and the survival of breeding wader populations, the
outputs show potential applications into various policy/management realms:

1 Coastal wetland managemenifThe models provide valuable information about
the effects of grassland management practices on grassland condition and
consequently, on wader populations. These modelling outputs constitute a
valuable insight for protected area managers regarding the adjest of
management practices.

1 Monitoring policy performance:Spatially explicit information on the effects of
agrienvironmental payment schemes on biodiversity.
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Figure 322 Summary of the main workflows utilised in the habitat supply and fodder production models, depicting input data, intermediate
products, statistical models, and final ES outputs.
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This best practice aligns with the 7 diagnostic topics as follows:

(i) Ecosystem condition enabling assessmeicosystem condition was included in the
models using a set of four indicators, namely: Vegetation height/biomass, grassland sward
complexity, distance to forest, and distance to water surfaces. These condition indicators
were selected based on expert kn@asdge on wader ecology and predation dynamics.
However, the models are not restricted to this set of indicators and could potentially include
other conditionrelevant variables such as topsoil moisture and grasslphdnology
dynamics.

(i) Dimensions of justice and health assessmeiitie Test Site did not explicitly address
dimensions of justice and health in the assessment.

(iii) Spatial scaling and resolutionThe assessment is characterised by \J&ghresolution

raster data, stemming from the use of drone imagery. The five study sites were selected using
the Natura 2000 habitats map of Estonia, provided at a scale of 1:10 000. The final resolution
of the models is 10 cm per pixel, built upon multispectral dromages. The very fine
resolution of this assessment allows targeting relevant ecosystem processes that drive habitat
suitability for wader species. The Test Sisogresents a high potential to upscale the drene
based models to satellite resolutions, which would allow to resolve subpixel heterogeneity
while encompassing large extents of assessment.

(iv) Uncertainty documentation:This best practice addresses uncertainty usingitun data

to assess the robustness of the models and validate the outputs. By doing so, the models
include a statistical quantification of deviation from actual values. However, beyond standard
model validéion, machine learning models usiing remotely sensed data are still subject to

a large degree of uncertainty. Futungpdates of this Test Site (or similar modelling
approaches) should estimate uncertainty as the degree of variation (e.g. coefficient of
variation) of multiple, iterated, model outputs.

(vi) Capacitypotential-supply-demand in ES assessmenthe Test Site addressed actual
supply of ecosystem services. Demand was not addressed.

(vii) Economic valuation compatibilityNot assessed within this Test Site. However, there is

a clear potential of undertakg an economic valuation assessment of both ecosystem
services assessed in this case. In the case of fodder provision, the economic valuation could
be addressed in terms of the value of meat products derived from the cattle grazing in the
study sites. In thease of habitat supply for wader species, the valuation could focus on the
economic value associated to bird watching tourism.
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Best practice case 4: Agricultural provisioning services in the Gudena basin and at
national level for Denmark (Test Sites 10 and 27)

ASSETS SERVICES BENEFITS
> ; \\*., / Agricultural production —_—
| |mn s nd ‘ Ve *| Food, fuel and fibre

Soll inf ; (texture a [ Standard contribution for 300+ )
carbon content) chis
Agricultural land | J Agricultural value of [ ] )
100 meter grid \ land Potential for
! l‘»x a) climate

Corrections for irrigation, 7 adaptation and
fertiliser type, local stocking mitigation and
density and field size oh b) afforestation

Figure33: ES model logic chafior agricultural provisising services irthe Gundena basin,
illustrating the assessment of the agricultural provisioning service to estimate the
agricultural value of land.

Aims of the assessments:

1 Crop provision ES assessment of agricultural value of land for spatially explicit trade
off/synergiesbetween food provision, other provisioning services and global climate
mitigation (carbon emissions/uptake) in afforestation in Denmark (Test site 10). Test
case 10 on synergies in afforestation was commissioned by the Danish Agricultural
Agency with theaim to identify the areas most suitable for afforestation in Denmark
based on the assessment of a number of services.

T Assessment of impacts/synergies between food provision and global climate
mitigation (carbon emissions/uptake)when rewetting agricultural land in the
Gudena river valley (Test site 27). TS 27 on the Gudena river valley was commissioned
by the Gudenaa River Committee, which consists of all municipalities in the catchment
area. The aim of the analysis was to supptecisions regarding flood control and
climate mitigation strategies with the aim of creating multifunctional solutions with
the inclusion of biodiversity protection and opportunities for recreation.

The assessment was performed without significant challenges as the assessment team had
full control of the process. Minor challenges, delineation of the river valley for assessment
and a new biodiversity approach, were not linked to the assessment ofLiétgral provision
service

5AF3y2aGA0 (2LA0O&a NBFESOUAYy3a ao6Said LINI OGAOS¢

104




The assessment uses standard contribution values for different crops on different soil types
(texture and carbon content) to assess the value of the agricultural provisioning service and
uses this as an indicator on the value of the agricultural land.

0] Spatial-temporal resolution

The assessments cover all agricultural land in Denmark in 2021 at a 100 meters grid as service
providing units. It is based on 12 years of data on crops at field level with corrections for
irrigation, fertilizer type, local stocking density and field sizetails on the methodology for

the calculation can be found in Pedersen (2022). The application of the methodology in test
case 10 is described in Juul Jessen et al. (2022). The application in test case 27 is described in
Andersen et al. (2023).

(i)  Uncertainty documentation

This study does not explicitly document uncertainty, but it should be noted that the strength
of the methodology is in screening exercises, i.e. in both TS the aim hasdielentify the

most suitable areas for climate adaptation and mitigation and afforestation respectively. For
actual project implementation at a local level, more detailed methods must be applied,
including assessment of levels of uncertainty.

(i)  Ecosystem condition enabling ES assessment

The methodology is based on the actual agricultural provisioning services from a larger
number of fields in Denmarg data collected by the agricultural services. These are then
calculated in a 100 metres grid for all agricultural land in Denmark in 20%4.is based on

field level data on crops (12 years) and soil conditions (texture and carbon content). Some
corrections are applied related to fertilizer type (artificial/manure), irrigation, field size and
local stocking densities.

(iv)  Capacitypotential-supply-demand in ES assessment
The ES models do not consider specific variables to quantify independently the ES cascade
O2YLRYySyia aONRBLI YR OFLIOAGE FT2NI F22R LINR G
FYR GONRBLX YR F22R adzZJJ ¢ d ¢KS @RE¥bdy R 27F
addzlJL) 8¢ FT2NIJ I ALISOATAO | NBF o

(v)  Economic valuation compatibility

The outcome of the ES assessment is expressed as the economic value of agricultural land in
EURO. Hence, the assessment of ES is compatible with economic valuation.

(vi)  Social benefits compatibility and dimensions of justice

Social benefits and justice dimensions were not explicitly addressed in the study, but both TS
stand as best practice examples in the integration of multiple services in the assessments.
Furthermore, both cases have been commissioned by public authoritiesgasing the

likelihood of weighing different societal benefits. Especially in the Gudena TS there has been
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a process of stakeholder engagement in the assessment. These conditions are likely to
increase legitimacy in the process and increase the likelihood of uptake in the policy process.

(vii)  Health benefit compatibility

Theassessments have not had an explicit aim of evaluating health benefits.
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6.4.3 Draft Terms of Reference proposal from ES group

Table9: Draft terms of Reference as agreed by the working group members to evaluate
agriculture and forestry provisioninglated ES models. The questions under the green row
are applicable under any ES modelling context. Those under the blue row are relevant only in
specific contexts. Those under the yellow row were deemed less relevant, but might be
improved upon in further devefament in Task 4.3. Those under the grey banner require
further review in collaboration with stakeholders in Task 4.3.

ToR questions useful in any context

Diagnostic topic Does the model application:

Spatial and Yes/No
temporal scale antAsses®cosystem services appropriate for the complexit
resolution the ecosystem services evaluated?

Capacitypotential, Yes/No
supplyuse Present clear approaches for assessing each dimensiol
Capacitypotential, Yes/No
supplyuse Clarify indicators for each ES and each dimension?
Capacitypotential, Yes/No
supplyuse Link and/or integrate the ES dimensions considered in i

Capacitypotential, Elucidate uncertainties associated with each of dlssesse( Yes/No
supplyuse dimension(s) (and indicator(s))?

Capacitypotential, Elucidate the (spatial) relations between the assessed Yes/No
supplyuse dimensions?

Uncertainty Include validation? (e.g. model intercomparison, externe Yes/No
observationssensitivity analysis)

ToR questions useful in some contexts

Spatial and Yes/No
temporal scale anClearly define and justify the spatial units used in the
resolution assessment?

Spatial and Yes/No
temporal scale anUse spatiallgxplicit indicators to assess ecosystem
resolution services?
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Spatial and Yes/No
temporal scale anUse spatially explicit indicators to assess ecosystem
resolution condition?

Spatial and Use an appropriate spatia¢solution of the applied Yes/No
temporal scale anecosystem condition indicators for the scale of the
resolution assessment?

Spatial and Yes/No
temporal scale ancConsider common frameworks (e.g. CICES, Essential
resolution variables, MAES) in order to homogenise comparisons?

Spatial and Yes/No
temporal scale andnclude a sensitivity analysis to understand the effects o
resolution varying spatial resolutions?

Spatial and Yes/No
temporal scale antAssess and report the spatial interdependencies betwee
resolution different ecosystem services within the study area?

Spatial and Yes/No
temporal scale ancConsider potential tradeffs between different spatial

resolution scales and their implications on ecosystem services?

Spatial and Yes/No

temporal scale antAddress and document temporal variability in ecosysten
resolution services?

Spatial and Yes/No
temporal scale andnclude metadata for spatial scales and resolutions folloy
resolution the INSPIRE directive?

Spatial and Yes/No
temporal scale anPresent weldefined methods for assessing impacts of

resolution ecosystem condition on services?

Spatial and Yes/No
temporal scale antEmphasise the integration of biodiversity conservation
resolution within the evaluation of ecosystem conditions and servic
Uncertainty Use scenarios? Yes/No
Uncertainty Monitor risks? Yes/No
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Uncertainty Include contingency measures to offset risks of high Yes/No
uncertainty in model outcomes, e.g. risk multipliers.

Social benefits antAccount for confounding social, economic, cultural and Yes/No
dimensions of environmental factors which mediate the relationships
justice between ES and social benefit and justice outcomes?

Social benefits anEvaluate thegotential impacts of different policy actions ¢ Yes/No
dimensions of the distribution of ES benefits among various societal
justice groups?

Social benefits andnclude indicators which are specifically social benefit  Yes/No
dimensions of relevant as determined by the engagement with
justice stakeholders?

Health benefits  Explore or identify distinct pathways between ecosysten Yes/No
structure / function / ecosystem services for health aspe

Health benefits  Include an assessment of the stocks and flows of health Yes/No
relevant ES?

Health benefits  Identify disparities in access to / benefits from health ~ Yes/No
benefit ES and attempt to understand the drivers and
consequences of such disparities?

Health benefits  Assess the current and / or potential future distributive Yes/No
impacts of policies or activities on ecosystem managem

Health benefits  Account for existing formal and informal governance Yes/No
mechanisms relevant to ES in the study area?

Health benefits  Validate the study scenariosrodels / inputs / outputs Yes/No
against local knowledge or perspectives?

Health benefits  Develop indicators which are specifically relevant to hea Yes/No
benefits, as determined by engagement with stakeholde

Health benefits  Account for confounding social, economic, cultural and Yes/No
environmental factors which mediate the relationships
between ES and health outcomes?

Economic valuatioUse scales (temporal, spatial, beneficiaries) of the Yes/No
biophysical quantification of ecosystesarvices that matcl
the economic valuation?
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Economic valuatioDescribe and distinguish between the total flow of the  Yes/No
ecosystem service and changes in the flow (as result of
change in management, extent, condition etc)?

Economic valuatioProvide information on equity implications? Yes/No

Economic valuatioAssess and address uncertainties associated with the Yes/No
valuation, providing a clear indication of the confidence
level in the results?

Economic valuatioAssessongterm dynamics in ecosystem capacity, supply Yes/No
and demand in order to measure the sustainability of ES
and values.

Economic valuatioAssure the contribution of ES to economic development Yes/No
indicators (e.g. employment, growth)?

ToR questions with less usefulness

Ecosystem Emphasise the integration of wellbeing assessment with Yes/No
condition the evaluation of ecosystem conditions and services?

ToR questions requiring further review

Spatial and Yes/No
temporal scale an(Take into account the spatiotemporal dynamics and

resolution potential future changes of ES?

Spatial and Yes/No
temporal scale ancConsider the third spatial dimension (e.g. elevation abo\
resolution sea level, relief, or slope)?

Spatial and Use recent maps of the study area and do they reliably Yes/No
temporal scale ancdocument recent land use and land cover changes at a
resolution relevant spatial scale?

Capacitypotential, Address sustainability aspects of ES dimensions? Yes/No
supplyuse

Uncertainty Use multiple models leading to a range of outcomes?  Yes/No
Uncertainty Perform model ensembles? Yes/No
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Uncertainty Use data of appropriate accuracy (temporal, spatial Yes/No
resolution)?

Uncertainty Use the precautionarprinciple? Yes/No
Social benefits anc Yes/No
dimensions of Identify ES beneficiaries and assess disparities in acces

justice distribution of benefits?

Social benefits ancConsider the intergenerational aspects of ES thed Yes/No

dimensions of implications for future wellbeing (e.g., impacts of policies
justice activities)?
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6.5 Fisheries, aguaculture & marine provisioning ecosystem services

6.5.1 Summary of ES group approach

¢CKS 5SY2yAaiN) GA2Yy LINEZ 2S O plandirfgt& sthemaficlplandidgloly a | NJ
O2FadGlrf LlzmtAO AYFNI AGdNHZOGdzNB¢ KlFa 0SSy asSts
aquaculture and marine harvest. Other DPs and Test Sites on marine ecosystems have been
addressing either regulating or culturatosystem services, thus these are not within the

scope of this ES group.

The Latvian Maritime Spatial Plan (MSP) 2030 was adopted by the Government of Latvia in
2019. The Latvian MSP 2030 was developed according to the EU Maritime Spatial Planning
Directive 2014/89/EU, which aims to establish and implement MSP by applyingsystam

based approach. The MSP Directive highlights that healthy marine ecosystems and their
services, if integrated into planning decisions, can deliver substantial benefits in terms of food
production, recreation and tourism, climate change mitigation and adaptation, shoreline
dynamics control, and disaster preventidgince 2020 Latvian governmental regulations on
development procedures on the MSP explicitly require that MSP includes MAES results in the
explanatory (descriptive) chapter of the plan. It is important to note that the first Latvian MSP
and its strategic ewironmental assessment integrated the wild fish provisioning ES
assessment in a spatially explicit wa&eidemane et a017)

By the end of 2023, the interim evaluation of the Latvian MSP was conducted, including the
update of relevant information on mapped and assessed ecosystem services provided by
marine and coastal ecosystems. The evaluation also included collectirtg-date
information and knowledge on fish provision and the potential development of aquaculture,
which shall be further used in evaluating the implementation of planning solutions and
proposing revisions to the Latvian MSP if needed.

A review of D4.1 checklists was conducted from the Maritime Spatial Planning (MSP)
perspective of Mapping and Assessment of Ecosystems and their Services (MAES), focusing
on the provisioning of wild animals (fish) and aquaculture products (plants and siirmbe

review of fishery demonstrated the current approach to the provisioning of wild commercial
fish in the Baltic Sea, which is strongly regulated by the EU Common Fishery Policy.
Meanwhile, aquaculture was depicted as having the potential to usertagne ecosystem

to deliver provisioning services in situ.

The discussion about the fish provisioning ES in light of DP0O7 Latvia was organised during
workshop session No. 9 in Leiden, the Netherlands on February 6, 2024. The focus was on the
guestion of how to improve the decision relevance of the fish provisgpraramples by
enhancing knowledge of ecosystem condition in their ecosystem service assessment
methods. Input from the SELINA partners supported further work on the best practice case
for the development of Terms of Reference (TARe approach and experience in mapping

and assessing fish provisioning ecosystem services (1.1.6.1. Wild animals used for nutritional
purposes) for the interim evaluation of the Latvian Maritime Spatial Planning has been
4SSt SOGSR | a | de $hisis bdcilidedhd éxéndple cab e lrejlicated in other
countries of the Baltic Sea region due to commonly agreed international methodologies in
data collection on commercial fish species.
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6.52 Sel ected fiBest practiceo model applicat

Best practice case 1: Mapping and assessing fish provisioning ecosystem services
for the interim evaluation of the Latvian Maritime Spatial Planning (Partner: BEF,
Demonstration Project 07)

M

Caption: Fishing vessels in the port Lieaja, Latvia.
Photo credit: Kristina Veidemane

The Latvian DP serves as a 'best practice' case stu@oring the characteristics of the
marine ecosystem that determine fish provisioning ecosystem services and their relevance to
marinerelated policies. While the Latvian DP primarily focuses on MSP, the provisioning of
fish is currently governed by fishepolicies, such as the EU Common Fishery Policy, which
dictate the total allowable catch per year per fishing dasin and per country.

MSP, which establishes spatial and temporal limitations for sea uses, can impact fish
provisioning by either excluding certain areas (e.g., offshore wind park areas) from fishery or
vice versa, restricting other sea uses, such as offshore wind park dewvahdpin areas
essential for fish species and fishery. Nature conservation policies, through the establishment
and management of marine protected areas (MPAS), may also restrict certain activities.
Marine environment policies have set the goal to achiewedgenvironmental status, which
must also be considered by MSP. Thus, MSP plays a crucial role as a key and umbrella policy
to ensure the sustainability of fish provisioning through effective planning solutions.
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Figure 34: An assessment chain for fish provisioning ES integration in Maritime Spatial
Planning.

The Latvian DP addresses key commercial fish spebiesing and sprat (pelagic), flounder
(benthic), and cod (demersaj)highlighting the link between fish stock condition and extent
variables and fish provisioning variables. As fish species are raoblileave different habitat
needs during different life stages, ensuring the sustainability of provisioning ecosystem
services requires MSP to consider areas for spawning and nursing, which goes beyond mere
information on fish distribution and abundance, fish catch or landingt has been a major
challenge to identify and select indicators that spatially explicitly describe the condition of
fish populations, making them suitable for incorporation into maritime spatial planning. There
is a mismatch in the spatial assessment unised for ecosystem services (ES) and the
condition assessment of fish stocks. A key challenge for spatially explicit economac and/
socialvaluation is the existing rules on data confidentiality, given the limited number of
fishery companies

(i) spatiaktemporal resolution. This aspect is highly significant as the ES assessment results
are used for Maritime Spatial Planning, where spatial information is crucial. Fish landing
(CICES classification; 1.1.6.1) are presented at two scales for different spatial units: 1) open
sea dita g (tons/knv/year); 2) coastal sea dataper relevant administrative unit, up to 20 m
depth. The basemaps are based on ICESasims or basins, which are management units

for fisheries. The fish landing maps represent annual and longer time periods, spanning at
least 10 years, as the spatial fish abundance between years might change due to climatic
parameters. The data present fish landing according to single commerc@aéses well as

in total. Fishermen's logbooks are the data source used to produce spatial maps on fish
landing. Fish landing as an ecosystem service is dependent on the availability and quality of
essential fish habitats, as well as on different environtaé parameters. However, due to

the mobile nature of species throughout their lifetime, the spatial interdependencies are not
straightforward.
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(i) uncertainty documentation. The information from open sea fishing logbooks and the
integrated control and information system of Latvian fisheries was used to process the spatial
data on fish landings. Errors in spatial coordinates entered in fishermen's logbooks for open
sea fishenare noted. During the period 2032022, these errors accounted for approximately
6% of the total records or 4.6% of the total fish landing of open sea fishery. The erroneous
data are excluded from the map visualisations.

(iif) Ecosystem condition enabling ES assessmeftie impacts of ecosystem condition are
assessed through the ICES methodology on fish stock assessment of single commercial species
per subbasin. This stock assessment serves as the basis for establishing scientific advice on
Maximum Sustainable Yield (tefyear) which is used to establish Total Allowable Catch.
MSFD also conducts a nationwide assessment on the state of the environment (Descriptor 3),
which includes the same indicators as the ICES methogolbige fish stock assessment
includes the following condition indicators: the Fishing Mortality Rate, the Spawning Stock
Biomass, the age and size distribution of individuals in the populations of commercially
exploited species, and Recruitment. The anrdisal stock assessment is carried out for larger
ICES unitg sub-basins of the Baltic Sea. Therefore, it is not conducted at the same spatial
resolution as fish landing. However, this cannot be enhanced due to the natural
characteristics of fish stock.

The Latvian DP highlights thmportance of spawning and nursery habitats through mapping
essential fish habitats. The same map is also used to present information on regulating
services.

(iv) capacitypotential-supply-demand in ES assessmenin Latvian MSP, fish landing
(tons/km2/year) (catch minus discard) is used as ansl#ply indicator However, this
indicator does not include fish import, which would be included in ecosystem accounting.
Latvia imports a significant number of different fish products, although it also has significant
exports, with exports exceeding imports. Fisheryiiggy regulated due to limited resources
resulting from past overexploitation and environmental iagps such as eutrophication in the
Baltic Sea. Therefore, the actual demand for fishery resources is not fully assessed. The
demand indicatof a ¢ 201 f €M /28 SRIFYAKOKSI NVE Aa Sadlof
the scientific advice indicator known as "Maximum Sustainable Y#8Y". However, the

TAC indicator is not used in MSP because it provides only one total value per stoak-per s
basin without further spatial distributionCapacityis measured by "Maximum Sustainable
Yield", which represestthe largest average catch or yield that can continuously be taken
from a stock under existing environmental conditions. Similar to MSY, this indicator is also
not utilized in MSP due to its single total value per stock pesssdin without further spaéil
distribution.

(v) economic valuation compatibility. Fish landing (tons/year) is directly applicable for
economic valuation. Based on the market value of fish (per species), the total annual market
value can be estimated. Price data at the national scale are published by the Statistical Office.
Therefore, mly nationaiscale estimation can be used. MSP also incorporates various socio
economic indicators related to the fishery sector. However, the interim assessment of Latvian
MSP only illustrates two statistics: the nuerlof shipping vessels and the number of fishing
companies at the national level. These numbers are not directly linked ES provisioning. The
economic performance of the fishery sector is calculated and reported annually according to
the "Guidelines for thB analysis of the balance between fishing capacity and fishing
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opportunities according to Article 22 of Regulation (EU) No 1380/2013 of the European
Parliament and the Council on the Common Fisheries Policy." However, these numbers have
not yet been integrated into the MSP.

(vi) social benefits compatibility and dimensions of justiceThe Latvian MSP has not
addressed social benefits. However, for coastal fishermen, fishing is not merely an economic
activity but also a lifestyle and a cultural heritage topic (another ecosystem service), as
generations of fishermen have been engagethis activity for a hundred years. Traditional
fishery practices are at risk due to decreasing fish stocks, which is also a cultural issue.
Employmenirelated indicators could indeed be valualibr social assessment, but they often

lack spatial character due to confidentiality rules.

(vii) health benefit compatibility. The nutritional value of fish and fish products could be a
relevant indicator to measure health benefits. However, the Latvian MSP has not explored
health benefits in this manner. Furthermore, the current trend shows that Latvians are not
inclined to regurly consume Baltic Sea fish but prefer to consume common aquaculture
species, which are mainly imported. Assessing impacts on health aspects could be conducted
through the Strategic Environmental Assessment (SEA) mot&4SP. However, this has not
been implemented in practice yet.
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6.5.3 Draft Terms of Reference proposal from ES group

Tablel10: Draft ToR in the context of wild fish provisioning. The questions under the green
row are applicable under any fish provisioning related policy context, including maritime
spatial planning. Those under the yellow row are relevant only in some cases or specific
contexts. It is important to note that the EU Common Fishery Policy addresses the
sustainability and resilience of the EU's fisheries including fish stock management at
maximum sustainable yield for all managed stocks based on scientific advice. Theustore

of wellestablished scientific cooperation at the sea basin level (&3E}p shall be also
integrated when setting the ToR for MAES of fish provisioning.

ToR gquestios useful in anycontext

Diagnostic Draft TOR questions Additional considerations

topic

Ecosystem What methodsfor assessing impacts of Consider international

condition ecosystem condition on services does yc methodologies, like ICES
assessment use? methodology on fish stock

assessment of single
commercial species.

Descriptors of MSFD are
also applicable to assess
the condition of fish stocks

How does your study emphasise the Consider data and
integration ofbiodiversity conservation  knowledge obtain through
within the evaluation of ecosystem habitats directive, e.g.
conditions and services? essential fishhabitats

How does the study emphasise the
integration ofwell-beingassessment
within the evaluation of ecosystem
conditions and services?

Whichspatially explicitindicators used to ICES methodology on stoc

assess ecosysteoondition? assessment has establishe
spatially explicit condition
indicators
Capacity Whatindicatorsfor ecosystem service Fishery sector is strongly
potential, (ES) supphdemanddoes the study use? regulated by Common
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supply . Fishery policy, through
demand How does the study consider the which various indicators
relationshipbetween ES capacity are established.

potential and supphdemand?

How isuncertaintyin ES suppidemand
addressed?

Spatial and What is thespatial scale and resolution of Different spatial scales anc

temporal the decisionsupport neededfrom the ES resolutions might be
scaling, assessment? needed even for one policy
resolution and planning case

uncertainty
What year are thenapsof the study area” Consider that maps of
marine areas need differer
variables, for example
isolines showing depth of

waters
What are thespatial unitsused in the Consider how the spatial
assessment? units fits to international

division of marine waters a
the ES depends on existing
assessment units

Are metadatafor spatial scales and
resolutionsincluded andollowing the
INSPIRHirective?

What commonframeworks(e.g. CICES,
Essential variables, MAES) are used to
defined and communicate ES?

Were themethodsused to assess
ecosystem serviceselectedto match the
complexity of the decisiorsupport
needed (e.g. to inform, to decide, to
design?)
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Whichspatially explicitindicators used to
assess ecosystegervice®

Consider the use fish
landing (tons/year/km2) for
international comparability

Whatthird spatial dimensionare
considered in the ES assessment?

Consider depth as a criteri

Does the spatialesolution of ecosystem
condition indicatoranatchthe scaleof the
ES assessment?

How are thespatial interdependencies
between different ecosystem services
within the study area assessed and
reported?

Consider links between
provision and regulating
services as they might be
lined to setting extent and
condition of provisioning
service.

How does the assessment take into
account thespatio-temporal dynamics
and potential future changes of ES?

It is essential to include
long-term trends and
annual variability spatially

Uncertainty

How does the study consider future
scenariosn study contextand the
possibility of a range of ES outcomes?

Social benefits

Are social benefits eelevant outcome for

r

decision supportin your study? Why/ not”

Health benefits

Are health benefits a relevant outcome fc
decisionsupport in your study? Why/ not’

Economic
valuations

Are economic benefits elevant outcome
for decisionsupportin your study? Why/
not?

Whatbiophysical quantificationof
ecosystem services are relevant for
economic valuation of ES?
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At whatscales(temporal, spatial, This might be a challenging

beneficiaries) is there a need for econorr for spatially explicit

valuation? valuation due to
confidentiality rules.

How does the study asselssg-term This aspect might also be
dynamicsin ecosystem capacity, supply challenging due to the EU
and demand in order to measure the Common Fishery Policy
sustainabilityof ES use and values?

How does the study measure the This might be a challengin
contribution of ES teconomic for spatially explicit
development indicatorqe.g. valuation due to
employment, growth)? confidentiality rules.

ToR questios useful in some ontexts

Diagnostic Draft TOR questions
topic

Spatial and How has aensitivity analysido understand their implications on
temporal ecosystem services been considered?

scaling,

resolution and How has a&ensitivity analysisof mapping at differenspatial scalesand
uncertainty their implications on ecosystem services been considered?

Does the studynodel risks forbeneficiaries (ES benefits x
probabilities)?

Social benefits How does the study identify or assess disparities in who is affected
positively or negatively by changes in ES supply or access to ES bel

Whatindicators havebeen developed which are specificadlycial
benefit-relevant ?

How does the study consider thetergenerational aspects of E&d
their implications for future welbeing (e.g., impacts of policies or
activities)?
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Health benefits What distinctpathwaysbetween ecosystem structure / function /

ecosystem services have been explored or identified for those healtt
aspects?

How does the study include an assessment ofsfoeks and flowsof
health relevant ES?

How does the study identifgisparities in accesw / benefits from
health-benefit ES and attempt to understand tdeversand
consequences of such disparities?

How does the study assess the current and / or potential future
distributive impactsof policies or activities on ecosystem managemel

Whatindicatorsare specifically relevant thealth benefits? ( were they
determined by engagement with stakeholders?)

How does the study account faonfoundingsocial, economic, cultural
and environmentafactorswhich mediate thaelationships between ES
and health outcomes?

Economic
valuation

Does the study describe anlistinguishbetween thetotal flow of the
ecosystem service arzhangesn the flow (as result of a change in
management, extent, condition etc)?

How does the study assess and addm@ssertaintiesassociated with
the valuation?
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7 Synthesis

7.1 Learning points on iterative and inclusive diagnostic process

The decision to diagnose ES model applications in five groups, each focused on a type of
ecosystem services, was made to allow for a strong foundation of expertise and richness of
responses for developing the diagnostic method. Each group contained atyvafie
consortium members witrexpertise intheir specific type of ecosystem service and their
specific DP or Test Site. This provided space for constructive discussion and thorough
evaluation that led to a constructive review of the diagnostic checklististe potential for
reviewing a large number of ES model application test cases.

To allow for all this expertise to be included in the diagnostic exercise, the process was set up
in a decentralised way: after instruction on the goals and the structure of the exercise, each
group worked independently on reviewing the diagnostic chetsklselecting best practice
cases and consolidating into draft ToR. This led to challenges in funnelling the results from
the groups into a coherent whole that allowed for synthesis and generalisation into common
findings for broader use. A learning poings to focus as early as possible on the clarity of
language used and consistency in understanding of terms. The presentation of draft ToR
varies slightly due to the variety in approaches taken across the ES groups, but organising
regular common meeting®talign ways of thinking and working, a consistent-eesllt that

still allowed for flexibility in approaches for diagnosing different kinds of ES models became
possible.

Comparisons of the logic chaigsES mdel cascadediagrams¢ F 2 NJ S OK &ao0Sad L
example reveals some craessgtting challengesCases are at different stages of development,
with a number still at the conceptual design stage, not having identified the metrics to
operationalise ecosystem condition, services and beneflise diagrammatic presentation

of the ES assessment chain in each case is helpful for both communication, and strategic
thinking about study designSome cases have yet to identifgasystem condition metrics.

The majority of casebave only planned for potentiadutcome metrics on health, social
impacts,and economic valuation of ecosystem servicHsis reveals.e. that the modelling
strengths among SELINA partners is predominantly in biophysical modeTimg. cross
cutting characteristics confirms the strategic importance of WP4 in identifiggagth, social

and economic impacts dsowledge gaps that are potential barriers to uptakgentifying

them in ways that are meaningful for stakeholders, and the linkages back to explicit condition
variables, is one of the strategic priorities in the continuation of research in SELINA WP4.

7.2 Developing common Terms of Reference

Based on the work presented in this report, Terms of Reference for ES specific methods are
to be developed in D4.3 (2026b) with the aim of increasing likelihood of uptake following a
plural valuation approach. This will be done in an iterative processdasn the ES modellers

that here presented draft ToR, and public and private stakeholders engaged in identification
of decisionsupport needs in WP2 through the Communities of Practice.
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Questions that the currenreport hasidentified, but which can be furtheaddressée in
collaboration with stakeholderand other WorkPackagesowards guidance for désion
support, are:

1. How can sectespecificknowledge needde addressed most effectivelysing
Terms of Reference for ES model applications?

2. Whatcan guidance oS model applicatiornmsed supportthe creation ofcommon
understandingdf economic value, socibenefits,and justiceacrossstakeholder®

3. How carES model outputand theidentified links with diagnostic topiosxplicitly
be conneced to their implications forpast, current and future policiei® such a
way that they are useful guidance for decisimakers®

4. How carES model applicatioree more explicitly linked tprivate sector decision
making processé&sThe policy cycle framing one approach to address decision
support needs that focuses on public decisioaking. In futurework towards
guidancepther frameworkgailored to private decisioomakingprocesses should
be considered as wellhe NaturalCapital Protocol used by private organisations
to indude natural capital into tlir decision makingcan be supportedy the
findings fromthis report specifically orthe Measurement & Valuation (Stage 3)
and Apply (Stage 4parts of the protocol.

Thedevelopment and use of commonly understood terms and languagealsdlbe a key

part in this @-creation processThis will lead to ToR that are grounded in both an assessment
of what different ES model applications can provide in decisigeport, and an assessment

of stakeholder needs in different stages of policy and project management cycles. Expanding
on Fig 3, the process towards creating finalRis represented irrig 35.

ecommendations...

Outcomes:

WP2 sukeholder needs in

«— Genenc ES study
msmnlma

DP &TS
praum

,, —] Draft Terms of reference
(ToR) specific to ES
-’ —] modelling & mapping

Terms of Reference
for different stages
in policy and project
management cycles

Vv —
v —
Vv —_—
V) —

Figure35: A schematic representation of the process towards common Terms of Reference,

FNRY 5ndmQa 3INBEe ftAGSNI GdzNB o0l aSR OKSO1fA&d

ES model applications in D4.2, to creating guidance for enabling ES uptake in catadyor
with public and private stakeholders in D4.3.

7.3 Knowledge building within SELINA
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The work presented in this report forms part of the knowledge base of SELINA on better
understanding ecosystems and their services (Strand B). It broadens the scope of assessing ES
model applications for improved uptake by taking the current stait¢he-art from the
literature-based work presented in Deliverable 4.1, and refining those findings with applying
them to reatworld applications. This grounds the knowledge on what elements of ES model
applications increase their decisi@upport capabilities imealworld cases.

CKAA 62N] sAff 0SS LINB acwvansiiy Soluiiong IPif Tramdhédd, 2 2 NJ
Norway, taking place in June 2024. Aside from disseminating the findings, this will also allow

for first input from stakeholders involved in the Communities of Pcacticross SELINA in
preparation for the development of Deliverable 4.3. The draft TOR presented here will serve

as a knowledge basis for creating final ToR for different stages in policy and project
management cycles in that deliverable.

The Terms of Reference for ES model application uptake for different types of ecosystem
services will also be integrated into the SELINA Database, which will replace the MAES
Methods Explorer and underlying ESMERALDA database. Data on best practices for ES
modelling applications will be added to the new SELINA Database, allowing for wider
dissemination of the diagnostic method for enhanced decisiopport.

The large number of SELINA consortium participants in the diagnostic exercise presented in
this report also allowed for knowledge and language harmonisation, thereby increasing
coherence and efficiency in future -cdevelopment of ES modelling for uptakedacision
making. Further engagement with stakeholders through the Communities of Practice in D4.3
will enhance knowledge and language harmonisation with public and private stakeholders.
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9 Annex

Annex 1 - Model descriptions

Some ES groups described more extensive descriptions of the diagnosed ES model
applications. These are presented here as a supplement to section 5.2.

9.1.1 Agriculture & forestry provisioning ecosystem services

ESTIMAP, exponential decay function modulgsed in Test Site 11 for modelling pollination
potential in Lower Saxony (Germah

For mapping pollination potential, a combination of expert estimations, GIS based condition
mapping and modelling in ESTIMAP was used.

Biotope classes are used as distinct service providing units, derived from local biotope type
data (Hannover Region 2020). In an exgwsed approach, the biotope classes are assigned
scores with regards to the capacity to provide floral resources antingesites for wild bees,

all in a best, medium and worst condition scenario.

The approach subsequently applies one spatially explicit condition indicator per aggregated
ecosystem type. Management intensity is applied as condition indicator both for
agroecosystems and forests (datasets from Rega et al. 2020, Nabuurs et al. 2018)aRo
SO2aeadsSyvyaz GKS ljdzrydAade 2F dz2NBFy @S3IASOIF (A2
averaged for the period 2018018 from the GEE platform; Chander et al. 2009, Google Earth

Engine Data Catalogue 2018). The indicator datasets are @dsstb good, medium and bad

condition and the experestimated foraging and nesting capacity scores are assigned to the
biotope classes in the respective conditioonsequently.

An ESTIMAP module is subsequently useddcountfor the positive effect of sermatural

areas and forest edges on the surrounding areas (Vallecillo et al. 2018). An exponential decay
function is applied to these respective areas, expanding the score to the surroundings in the
immediate vicinity accordg to the distance (Hinsch et al. 2024). The decay function
considers the visitation rate of a reference wild bee species, which was defined in a
hierarchical agglomerative clustering approach based on \2i@ bee species (Theunert
2002, Westrich 2018, Wiesbauer 2020). The described steps are conducted for the foraging
and nesting capacity scores separately, which are finally summed and normalised, to derive
the potential habitat suitability.

9.1.2 Climate & air quality related ecosystem services

Lavbundsomrader 3.1.1 (indicator¢yee Gyldenkaerne, S. & Greve, M.H. 2020) is currently
used in TS 27 Gudena river catchment, DK.

Lavbundsomrader is an open acces®l to assist wetlaneprojects in calculating GO
emission. In TS 27, the two key variables in the model are used to identify and map areas with
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a high potential for reducing G@missions by rewetting land. The two variables are:
groundwater level below surface and soil C content.

Lavbundsomrader is a simple model that can be easily communicated to stakeholders and
used primarily for screening and planning. It may be insufficient for project design, where
local measurements are needed.

Evidence of uptake: Pilgiroject commissioned by 9 municipalities, further work initiated.

TheUrban Multi-Scale Environmental PredictdUMEP) (seénk) is one of the models that
could potentially be used in DP 03 Trento, Italy.

UMEP is aropensourcecity-based climate service tool that combines models and tools
essential for climate simulations. UMEP has broad utility for applications related to outdoor
thermal comfort, wind, urban energy consumption and climate change mitigation. It includes
tools to enable users to input atmospheric and surface data from multiple sources, to
characterise the urban environment, to prepare meteorological data for use in cities, to
undertake simulations and consider scenarios, and to compare and visualise different
combinations of climate indicators.

In DPO3, the model could based toassess climate regulation, through two indicators:
extreme temperatures and mean radiant temperatures based on evaporation, heat fluxes,
impacts of drought, heatwaves, water management and green infrastructure.

The UMEP model provides both guidance and tools that enable the preparation and
manipulation of data. It is usdriendly, and technically and economically accessible to users.
However, it requires a large number @étasets,and the reference datasets are referred to
global or national assessments.

Evidence of uptake:ink

ENVimet (https://www.envi-met.com/) could potentially be used in DP 03 Trento, Italy.
ENVImet is an open access, thremensional microclimate model designed to simulate the
surfaceplant-air interactions in urban environments with a typical resolution down to 0.5 m

in space and-15 sec in time. It provides detailed insights into the aopof environmental
factors on urban design. The model is based on the fundamental laws of fluid dynamics and
thermodynamics.

In DP 03, the model could be helpful in assessing microclimate regulation and air pollution
reduction.

Envimet is able to simulate the urban microclimate as an interactive system, like a real
environmental system does. However, all variables are calculated in one big model (e.g. an
urban quarter) and it is difficult to process such a large amount of dathta upscale the
results from the neighbourhood to the city scale.

Evidence of ugake: Link Link

IPCC Guidelines for National Greenhouse Gas Inventeriesr 1 stock balance method (see

LinK is currently used in DP 14.

It is an open access model that assesses change in carbon stock in different pools (biomass,
dead organic matter, soil) due to land use change versus a baseline, using C sequestration as
an indicator.

These guidelines enable local adjustments to make the method applicable in specific DP case
and are (Tier 1) simple to ugeno local data is required beyond knowing the type of land uses
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before/after an intervention. However, average data for broad land use classes is used and
may not reflect the local conditions.

Evidence of uptake: This is the accepted method for national GHG accounting. Business
uptake is less clear.

INVEST Carbon Storage and Sequestra{seelink) was initially thought for the TS Azores,
Portugal.InVEST is an open access model that estimates the current amount of carbon
stored in a landscape and values the amount of sequestered carbon over time. It aggregates
the biophysical amount of carbon stored in four carbon pools (aboveground living biomass,
belowground living biomass, soil, and dead organic matter) based on land use/land cover
(LULC) maps provided by users. Expected change in carbon stocks can also be estimated.
This model is widely used and easy to be implemented and can provide estimates and maps
of uncertainty. However, the validation of modelling results can be difficult due to lack of
reference data. Moreover it relies on simple assumptions that vastly affedtnal estimates.
Evidence of uptake: https://oneecosystem.pensoft.net/article/69119/

Sets of models linking tree biomass and carbon sequestration (multi steps approach).

This approach has been developed for both the Azores (Portugal) and the Peloponnesus Test
Sites (Greece).

For the Peloponnesus Test Site (Greece), carbon sequestration (carbon stock) will be
modelled and assessed in terms of accounting, using the following approach. Two carbon
stock maps, one for 2021 and another for 2023 will be prepared. The maps willdzevmita
SarVision's biomass mapping software (SarCarbon). This method uses a multistep approach,
making use of the following inputs: a land cover map of the area, Se2tidata in the form

of a Canopy Density Index (usually using radar backscatter dataPeoloponnesus
mountainous terrain makes optical data a better choice), Lidar vegetation height data, and
information on vegetation height and biomass of the area to adjust/develop the allometric
equations. The workflow consists in the following stg@d:land cover mapping of the area
using optical and, when needed, radar backscatter data, (b) acquisition of vegetation GEDI
height data for each of the land cover types, and definition of probability density functions
per land cover type, (c) integratioof Canopy Density Index optical data (or of Radar HV
backscatter data) with GEDI Lidar vegetation height derived data per vegetation structural
type (as defined in the land cover map). The data fusion process involves interpolation
technigues and histogra matching. Finally, an assessment of error and uncertainty of the
results will be applied via a validation procedure using independent and randomly selected
field biomass densitgstimations.
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UrbClim(seelink) is currently not used in any volunteer DP or TS but was identified as an
interesting model to consider in this task.

The urban boundary layer climate model UrbClim is designed to simulate and study urban
heat stress for agglomeratiescale model domains at a high spatial resolution (up to 1m),
using the following indicators: UHI, Heat Wave Days, -hedated mortality, bst working
days

UrbClimcansimulate long time periods (3RO years) and climate change impacts for entire
urban agglomerations. However, the model does not calculate local advectmnis,or
rainfall (which are taken from a host driving model, e.g. ERAD).

Example of uptakethe model has already been applied in a large number of European
research projects, also for Copernicus (https://climate.copernicus.eu/demonstratad
stresseuropeancities) and Destination Earth (https://stories.ecmwf.int/destinatiearth-
usecase/)

9.1.3 Fisheries, aquaculture & marine provisioning ecosystem services

The ES group explored the approach used to integrate information and knowledge on wild
fish provisioning ES in maritime spatial planning. The information on wild fish provisioning is
provided by research or public institutes that assess fish stock dataam@rocess data on

fish landings. In the case of Latvia, this is the Institute of Food Safety, Animal Health and
Environment "BIOR." Thegyarticipated inthe fishery ES group discussions on ecosystem
‘condition-enabled’ ES models for integration into riteme spatial planning.

1.1.6.1 Wild animals (terrestrial and aquatic) used for nutritional purposes (CICES V5.2)
Used indicator- 1.1.6.1 Fish landing (tons/year).

This ES indicator was used already in the MSP (in 208pr interim evaluation of MSP. It
is important to reflect the spatial distribution for a range of the years as fish are mobile
species.

The basemap is based on ICESksagins or basins, which are management units for fisheries.
The fish landing maps represent annual and longer time periods, spanning at least 10 years,
as the spatial fish abundance between years might change due to dipatameters. The

data on fish landing are presented according to single commercial species as well as in total.
Fishermen's logbooks are the data source used to produce spatial maps on fish landing. Data
were processed with R Statistical Software to estimate the total value of fish landings in a grid
cell.
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In the process of data visualization, a grid of squares was created on the basemap. The size
of one square in the decimal coordinate system was defined as 0.050 length x 0.0250 width,
which in nature forms a rectangle with approximate side lengths of/2.&mkd 3 km. For each
square, the total value was calculated according to the relevant data selection parameters
species, year, catch, etc. The square values on the map were visualized with different color
gradation classes. Since the sum values werehigtyin some quadrats, the maximum value

of the gradation classes was determined after excluding 2.5% of the maximum values of the
guadrats. These values do not disappear on the map and are included in the maximum
gradation class. Such a step allows inyimg the spatial visualization of the datdisplaying

a larger number of squares with high values.

135



Annex 2 - Common template for self-diagnosis and drafting ToR

Draft template testing through a selaudit / self-diagnostic
Who?

Demonstration project (DP) and Test SifES) irEcosystem Service Groups
contributing to SELINA D4.2

Purposes of the ToR test

1. Graphical illustration of DP/TS ecosystem service assessment using a logic chain /
ecosystem service cascade illustration. Useful for D4.2 visual summaries of this
material.

2. Validate and consolidate the selection of checklist questions in each diagnostic topic
FNRY 5ndm {dzLJLI SYSY Gl NB YFGSNRAFEX F20dzaAy
a. ldentify irrelevant method questions in thehecklistd & F-LJ2 A B8 G A @S & £ 0
b. ldentify missing key method questions from checklists
c. Feedback from DPs/TS on wording of checklists from yagsmonses to
open / method descriptive questions
d. Feedback from DPs/TS on logical order of questions

5.C icat
1. Invest in a 2. Define the 3. Establish the 4. Choose and omml.!mca <
L 3] = 4 results to inform

legitimate process purpose scope apply methods dledfsfiemg

3. (Standardise the description of the DP and TS method selection descriptions using
the SELINA Database descriptors (22 descriptors). Systematic DP&TS feedback on
method descriptors. OBShis is done as part of D4.3 activit)es

4. (Check consistency of draft ToRs with IPBES VA plural valuation steps (reported in
Termansen et al. 2023DBS: This is done as part of D4.3 activjties.

Workflow - instructions
1. +2f dzy § SSNA y 3 study te&isaties thitNfile @iyduhSréddisk to work on
for your particular DP/TS.

Makes a logic chain illustration of your case stlaiyc chain/ES cascade illustration
template.

2. +2f dzy G SSNA y 3 study ee&ieetiirnsLcidpl€réid ket ates to ES group
lead by <date>
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3. ES group leadollates the logic chains of studies that participated in testing
checklists into Section 5 @f4.2 Reportby <date>

4. ES group leadummarises ES group approach and inserts in section 6.4 n
Report.by <date>

5. +2f dzy 4 SSNR vy 3 study ee&iriies wiNtodsumntafy dHfthe case
inserted into section 6.x.2 iD4.2 Reportby <date>

6. ES group leadonsolidates template feedback into one draft TOR proposal by
<date>. This is inserted in section 6.x.®#h2 Reportby <date>

Template

1. DP/TS logic chain for ES assessment

<insert image of logic chain illustration from completed template>
<example logic chain/ES cascade for recreation>

ASSETS SERVICES BENEFITS
//// \\\
Vegetation
characteristics that -~ 5 T
enable cutdoor y.” Recreation visits to open space \
activies Time in recreation activity within Reducing harm
space (mmgat»on)
oplen space Resxormg capaciies " Healthand
characteristics that enable Perceived qualities of space {restoration) well-being
outdoor activities (enjoyment)
Building capacities l
Srtace water \ / |ms:ormon)
characteristics that ~~
enable outdoor
activities

ECONOMIC INPUTS

ACCOMODATION | TRANSPORT | GUIDING EQUIPMENT

| SAFETY FACILITIES HOME  TRANSPORT  ACCESS ADVISORIES USE ENABIING
MAINTENANCE ON-SITE LOCATION  INFRA- RIGHTS NORMS EACTORS
STRUCTURE -TORS
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2. Validation and consolidation of methodelated checklist
guestions
Instruction:after inserting responses to questions bel@rovide a colour coded evaluation

of your perception of the usefulness of this question for a decismaker hypothetically
commissioning your study. This will help to further consolidate a draft TOR

Checklist question /ToR item DP& TS response

<S17. Diagnostic topic (from D4.1 supplement)>

Potential ToR question always useful for th <insert response>
context of my demonstration project or Tes
Site;

It is worded adequately

Potential ToR question useful for the contg <insert response>
of my demonstration project or Test Site

Could be more useful if reworded <please
provide suggestions for rewording>

Potential TOR question never useful for theg <insert response>
context of my demonstration project or Tes
Site

[-]

Who is hypothetically commissioning your ES assessment?

For the purpose of evaluating the <insert decisiormaker type description>
decision support use casaf your governance level; public/private etc.
recommendationglease specify the
type of decisiomrmakerhypothetically <mainassessment purpose / knowledge neg
commissioning your study and their of decisionmaker>

decisionrsupport needshat you will have| to inform <specify>

in mind when answering and to design <specify>

reformulating the questions below: to decide <specify>
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Checklist question /ToR item

DP& TS response

S6 & S7. Spatial scaling, resolution and uncertainty of ES

assessments

What is thespatial scale of the decisicn
support neededfrom the ES assessment?
<by actor commissioning the study>

<insert response>

What year are thenapsof the study area
(landuse, landcover) ?

<Is the mapping data sufficiently up to dats
relative to the decisiosupport needs of the
decisiommaker at the study site?>

<insert response>

What are thespatial unitsused in the
assessment?

<insert response>

Are metadatafor spatial scales and
resolutionsincluded andollowing the
INSPIRHirective?

<insert response>

Whatcommon frameworkge.g. CICES,
Essential variables, MAES) are used to
defined and communicate ES?

<insert response>

Were themethodsused to assess
ecosystem serviceselectedto match the
complexity of the decisiorsupport needed
(e.g. to inform, to decide, to design?)

<insert response>

Whichspatially explicitindicators used to
assess ecosysteservice®

<insert response>

Whatthird spatial dimension(e.g. elevation
above sea level, relief, or slope) are
considered in the ES assessment?

<insert response>

Does the spatialesolution of ecosystem
condition indicatorsmatchthe scaleof the
ES assessment?

<insert response; uncertainty related>

How has aensitivity analysigo understand
their implications on ecosystem services
been considered?

<insert response; uncertainty related>
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How has aensitivity analysisof mapping at
different spatial scalesind their implications
on ecosystem services been considered?

<insert response; uncertainty related>

How are thespatial interdependencies
between different ecosystem services with
the study area assessed and reported?

<insert response; uncertainty related>>

How does the assessment take into accou
the spatiotemporal dynamicsand potential
future changes of ES?

<insert response; uncertainty related>>

How does the study considerultiple
modelsor model ensembles, and the
possibility of a range of ES outcomes?

<insert response; uncertainty related>>

How does the study consider future
scenariosin study contextand the
possibility of a range of ES outcomé&s?

<insert response>

Does the studynodel risks for beneficiaries
(ES benefits probabilities)?

<insert response>

Other questions from D4.1 checklist
S6&S7 that are relevant for specifying
82dzNJ addzRé Qa OKIF NJ
diagnostic topics?

<insert question>

<insert response>

<Example:

<insert response>

Anymissing questions for a ToR to
emphasize the strength of your study ir]
this diagnostic topic?

<insert question>

<insert response>
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Checklist question /ToR item

DP& TS response to test question
relevance

S1. Ecosystem condition

Whatwell-defined methodsfor assessing
impacts of ecosystem condition on service
does your assessment use?

<insert response>

How does your study emphasise the
integration ofbiodiversity conservation
within the evaluation of ecosystem
conditions and services?

<insert response>

How does the study emphasise the

integration ofwell-beingassessment within
the evaluation of ecosystem conditions ang
services?

<insert response>

Other questions from D4.1 checklist S1
that are relevant for specifying your
dlidzReé Qa OKI NI¥ OlG SNJ
topic?

<insert question>

<insert response>

<ExampleArespatially explicitindicators
used to assess ecosystamndition? (from
S6)

<insert response>

Any missing questions for a ToR to
emphasize the strength of your study ir
this diagnostic topic?

<insert question>

<insert response>
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Checklist question /ToR item

DP& TS response to test question
relevance

S2. Dimensions afapacitypotential, supplydemand in ES

assessment

Whatindicatorsfor ecosystem service (ES)
supply-demanddoes the study use?

<insert response>

Whatindicatorsfor ES capacitpotential
does the study use?

<insert response>

How does the study consider the
relationshipbetween ES capaciyotential
and supplydemand?

<insert response>

What sustainability thresholds for ES
supply-useare relevant to the studye.g.
minimum safe standards, precautionary

policy)?

<insertresponse>

How isuncertaintyin ES supptdemand
addressed?

<insert response, uncertainty related>

Other questions from D4.1 checklist S2
that are relevant for specifying your
atdzRéQa OKLF NI Ol SNJ
topic?

<insert question>

<insert response>

<Example:

<insert response>

Any missing questions for a ToR to
emphasize the strength of your study ir]
this diagnostic topic?

<insert question>

<insert response>

<Example: How are differences betweeg
ES potential/capacity and demand
assessed?

<insert response>
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Checklist question /ToR item

DP& TS response

S5. Economic valuation compatibility of ES assessments

Are economic benefits @elevant outcome
for decisionsupportin your study? Why/
not?

<insert response>

Whatbiophysical quantificationof
ecosystem services are relevant for
economic valuation of ES?

<insert response>

At whatscaleqtemporal, spatial,
beneficiaries) is there a need for economic
valuation ?

<insert response>

Does the study describe awlistinguish
between thetotal flow of the ecosystem
service anadhangesdn the flow (as result of
a change in management, extent, conditior
etc)?

<insert response>

How does the study assess and address
uncertaintiesassociated with the valuation?

<insert response>

How does the study asselesmg-term
dynamicsin ecosystem capacity, supply an
demand in order to measure the
sustainabilityof ES use and values?

<insert response>

How does the study measure the
contribution of ES t@conomic
development indicatorge.g. employment,
growth)?

<insert response>

Other questions from D4.1 checklist S5
that are relevant for specifying your
atdzRéQa OKLF NI Ot SNJ
topic?

<insert question>

<insert response>

<Example:

<insert response>

Any missing questions for a ToR to
emphasize the strength of your study ir
this diagnostic topic?

<insert question>

<insert response>
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Checklist question /ToR item DP& TSesponse to test question
relevance

S3. Social benefit compatibility of and dimensions of justice in
assessments

Are social benefits gelevant outcome for | <insert response>
decision supportn your study? Why/ not?

How does the studidentify or assess <insert response>
disparities in who is affected positively or
negatively by changes in ES supply or acc
to ES benefits?

<insert response>

How does the study consider existing
social disadvantages (e.g. socio-economic,
gender, race/ethnicity/ disabilities etc) that
are related to ES inequalities?

How does the study evaluate the potential | <insert response>
impacts of differenpolicy actionson the
distribution of ES benefits among various
societal groups?

Whatindicators havebeen developed which <insert response>
are specificallgocial benefitrelevant?

Have these social benefit indicators been
developed or determined by the
engagement of stakeholders?

How does the study consider the <insert response>
intergenerational aspects of E&hd their
implications for future wetbeing (e.g.,
impacts of policies or activities)?

Other questions from D4.1 checklist S3
that are relevant for specifying your
atdzRéQa OKLF NI Ot SNJ
topic?

<insert question> <insert response>

<ExampleWhatparticipatory approaches | <insert response>
are used to ensure that the assessment of
is rooted in the needs, knowledge and valy

144




of the communities or residents relying on
these services?

Does the study consider how diverse
actors perceive or value ES?

Any missing questions for a ToR to
emphasize the strength of your study ir
this diagnostic topic?

<insert question> <insert response>

Checklist question /ToR item DP& TS response

S4.Health benefit compatibility of ES assessments

Are health benefits aelevant outcomefor <insert response>
decisionsupportin your study? Why/ not?

What distinctpathwaysbetween ecosystem | <insert response>
structure / function / ecosystem services have
beenexplored or identified for those health
aspects?

How does the study include an assessment 0| <insert response>
the stocks and flowsf health relevant ES?

How does the study include an assessment o| <insert response>
the stocks and flowsf health relevant ES?

How does the study identifglisparities in <insert response>
accesdo / benefits from healthbenefit ES and
attempt to understand thedriversand
consequences of such disparities?

How does the study assess the current and / { <insert response>
potential futuredistributive impactsof policies
or activities on ecosystem management?

How does the study account for existing form{ <insert response>
and informalgovernance mechanismelevant
to ES in the study area?

How are the study scenarios / models / inputy <insert response>
outputs \alidated against local knowledger
perspectives?
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Whatindicatorsare specifically relevant to
health benefits? ( were they determined by
engagement with stakeholders?)

<insert response>

How does the study account foonfounding
social, economic, cultural and environmental
factorswhich mediate the relationships
between ES and health outcomes?

<insert response>

Other questions from D4.1 checklist S4 th
I NB NBfSOFIyid FT2N al
characteristics for this diagnostic topic?

<insert question>

<insert response>

<ExampleHow have theviews of local
stakeholdersbeen incorporated into
assessment design?

<insert response>

Any missing questions for a ToR to
emphasize the strength of your study in th
diagnostic topic?

<insert question>

<insert response>

*definition of a & G 2 O1 a

YR Tt264¢
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Annex 3 - Overview of consolidated checklists

10.3.1 Hydrology & water quality related ecosystem services

Working group T4.2.1 selected questions matrix assessment. Legend: rddwl)
relevance; yellow2)t moderate relevance; green @high relevance.
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