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Fundamental questions for
modeling services flows

Where are the ecosystems?
Where are the beneficiaries?
How do benefits move from ecosystems to beneficiaries?

What is the quantity and value of the service?



Spatial context of service flows

Fisher eta |. 2009



Spatial context of service flows (cont.)
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Types of service flows

Hydrologic services Aesthetic viewsheds

Recreation,
aesthetic

Carb trati Recreation, flood IO"IOXImIIty, SC{me
arbon sequestration ]
; ’ regulation, coastal ﬁ__. services

some cultural values : e CET s ,  HES
PEphen > protection |




.
IUCN

Jools for measuring,
modelling, and valuing
ecosystem services

Guidance for Key Biodiversity Areas, natural World Heritage
sites, and protected areas

S @awceA

WORLD COMMISSION

S N A p p ON PROTECTED AREAS

Center for
Rachel A. Neugarten, Penny F. Langhammer, Elena Osipova, Kenneth J. Bagstad, Nirmal Bhagabati, Amsm?&"mw‘“m
Stuart H. M. Butchart, Nigel Dudley, Vittoria Elliott, Leah R. Gerber, Claudia Gutierrez Arrellano,
Kasandra-Zoica lvani¢, Marianne Kettunen, Lisa Mandle, Jennifer C. Merriman, Mark Mulligan, tg Conventionon
Biological Diversity W:{"“' ”my

Kelvin S.-H. Peh, Ciara Raudsepp-Hearne, Darius J. Semmens, Sue Stolton and Simon Willcock Conservation



Contributors

Rachel A. Neugarten, Conservation International

Penny F. Langhammer, Global Wildlife Conservation, Amphibian
Survival Alliance and Center for Biodiversity Outcomes, Arizona
State University

Elena Osipova, IUCN World Heritage Programme
Kenneth J. Bagstad, U.S. Geological Survey
Nirmal Bhagabati, World Wildlife Fund US

Stuart H. M. Butchart, BirdLife International

Nigel Dudley, Equilibrium Research

Vittoria Elliott, Conservation International

Leah R. Gerber, Center for Biodiversity Outcomes, Arizona
State University

Claudia Gutierrez Arrellano, King’s College London

Kasandra-Zoica Ivani¢, World Wildlife Fund Adria

Marianne Kettunen, Institute for European Environmental Policy
Lisa Mandle, Natural Capital Project and Stanford University
Jennifer C. Merriman, WSP and BirdLife International

Mark Mulligan, Department of Geography, King’s College
London

Kelvin S.-H. Peh, Biological Sciences, University of
Southampton

Ciara Raudsepp-Hearne, McGill University
Darius J. Semmens, U.S. Geological Survey
Sue Stolton, Equilibrium Research

Simon Willcock, School of Environment, Natural Resources and
Geography, Bangor University



WHAT ARE ECOSYSTEM SERVICES?

Adapted from Haines-Young and Potschin (2010)



WHICH TOOL TO USE?

S,

ECOSYSTENMER: ' /),
SERVICES
TOOLKIT

.

C0$t|ng integrated valuation of AR' ES

ecosystem services ARtificial Intelligence
and tradeofts

q

INVEST

for Ecosystem Services

Nature

The Protected
Areas Benefits
Assessment Tool




http://wwf.panda.org/our_work/biodiversity/protected areas/arguments for_ protection/

The Protected
Areas Benefits

Assessment Tool

Ecosystem Services:

(Any)
Examples include:

Subsistence fisheries
Fuelwood

Harvested wild goods
Hunting

Livestock grazing

Free (PDF guide)
Stakeholder workshop
required for each site
No computer modeling /
GIS required
Non-spatial

Medicinal resources
Traditional agriculture
Timber

Water

Carbon storage

Coastal protection

Flood protection

Cultural or historical values

Qualitative
Site scale

 Adaptable

Mental & physical health
Peace & stability

Research / knowledge
Education

Recreation

Spiritual values

Scenic quality

Wilderness and iconic values



EXAMPLE

Economic benefits from 58 PAs in the
Dinaric Arc region

Question: What are the major economic
benefits from protected areas?

Why PA-BAT?

Site-level assessment tool, no data
required, relatively rapid, workshop-
based, no modeling/GIS required

Constraints: Not practical to apply to
multiple sites simultaneously, requires
workshop(s) for every site, local
knowledge may be limited or biased

The Protected
Areas Benefits

Assessment Tool

o chad it #
T T 1 ]

Nature conservation
Pollination & honey production
Hunting

Jobs in Protected Areas
Cultural & historical values
Traditional agriculturse

Formal & informal education
Wild food plants and mushrooms
Commercial water use

Fishing

Livestock grazing

Wood

Medicinal herbs

Building knowledge

Water quality & quantity
Genstic material

Nature materials

Climate change mitigation
Flood prevention

Specific site value

Soil stabilization

1 b I
I I
| s 2 |
: - Minor Economic Value !
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Number of Protected Areas
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TESSA: TOOLKIT FOR ECOSYSTEM SERVICE SITE-BASED

Ecosystem Services:

1. Global climate regulation
2. Harvested wild goods

3. Cultivated goods

4. Water (provision, quality)

ASSESSMENT

http://tessa.tools/

 Free (PDF guide) .
 Minimal expertise .
required .
* Moderate time required -
 Requires field data .
collection
5. Nature-based recreation
6. Cultural (forthcoming)
7. Pollination (forthcoming)
8. Coastal protection (forthcoming)

Non-spatial
Quantitative
Monetary
Site scale
Comparative



ECONOMIC VALUATION OF
EXAMPLE MOEYUNGYI WETLAND, MYANMAR

Economic valuation of Moeyungyi
Wetland

Question: What is the value of
ecosystem services provided by a KBA,
and how would the value change under
an alternative scenario?

Why TESSA?

Site-level assessment tool, comparative,
provides results in monetary terms,
relatively rapid, no ES expertise required

Constraints: Not practical to apply to
multiple sites simultaneously, or at the
national scale

P b3 (o)

Ministry of the Environment BlrdL}fe k 5\'\‘:‘!}




COS$TING NATURE & WATERWORLD

C0$t| ng http://www.policysupport.org/costingnature
Nature http://www.policysupport.org/waterworld

* Free (basic) or « Spatial

. paid (advanced) < Quantitative
Watariloria * No expertise * Non-monetary
required * Site to global
.  Leasttime scale
required e Scenarios

 No data required

Ecosystem Services:

1.  Carbon

2. Freshwater (quantity, quality, flow regulation)
3. Hazard mitigation

4. Nature tourism



EXAMPLE
Regional-scale analysis of freshwater services provided by PAs

Question: what is the total contribution of PAs to freshwater
services in Amazonia?

Why WaterWorld? Rapid, all required data provided

Constraints: not open-source, uncertainty related to accuracy of
global data

= ity
darm _,'J,"
importance for fresh
water services ((ealized)
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INVEST

integrated valuation of
ecosystem services
and tradeoffs

Ecosystem Services:
Carbon

Coastal blue carbon
Coastal vulnerability
Fisheries

Habitat quality

Habitat risk assessment
Marine fish aquaculture
Marine water quality

®NO O A WN S

www.haturalcapitalproject.org/invest/

Free .
Open-source .
Requires a GIS .
Moderate time required

Requires data (for example,

land cover)
Spatial (maps)

9.

10.

1.

12.
13.
14.
15,
16.

Nearshore waves and erosion
Offshore wind energy

Recreation

Water yield (hydropower production)
Scenic quality

Sediment retention

Water purification

Wave energy

Quantitative

Non-monetary or monetary
Multiple scales (local to
national)

Comparative (scenarios)



Key
EXYAMPI E . . .
EXAMPLE Biodiversity

National scale ecosystem service Areas
modeling

Question: How are KBAs benefitting
people in Myanmar at a national
scale?

Why InVEST?

National-scale, relatively low data
requirements

Constraints: modeling based on limited S bakreduciion
data & assumptions, requires GIS for flood-prone villages
eXpertlse g [ncrease

No service

— Decrease

INVEST

[ Terrestrial KBAs

integrated valuation of
cosystem services
and tradeoffs




ARTIFICIAL INTELLIGENCE FOR ECOSYSTEM SERVICES (ARIES)

http://aries.inteqratedmodelling.orqg/
Free (k.LAB software) & open- ¢ Global models: no data required
4 source * Spatial
N

Currently: specialized expertise /* Qualitative or quantitative

training required * Monetary or non-monetary
* Future: web-interface (no » Site to global scale
AR' ES expertise required) * Cloud-based
ARtificial Intelligence * New case studies: all data * Collaborative
for Ecosystem Services required * Context-specific
Ecosystem Services (global models - can beln development: Case studies (cannot be run anywhere):
run anywhere): 1. Coastal flood regulation 1. Aesthetics/scenic quality
1. Carbon storage 2. Landslide regulation 2. Biodiversity
2. Flood regulation 3. Mariculture 3. Carbon sequestration
3. Pollination 4. Water supply 4. Crop production
4. Recreation 5. Cultural/spiritual values
5. Sediment regulation 6. Fisheries



https://solves.cr.usgs.gov/

* Free of diverse stakeholder groups
S I V E S - Spatial mapping of social  Quantitative 10-point social
values values metric
Social Values for Ecosystem Services o Requires ArcGIS * Values Transfer Tool
* Requires social surveys / social * Can be combined with
science expertise biophysical modeling tools

* (Can be used to assess values

Ecosystem Services Examples include: * Recreation, nature tourism

* Any social or cultural values » Cultural or historical values » Scenic quality / aesthic viewsheds
* Cultural heritage * Wilderness and iconic values
* Inspiration, creative or artistic » Etc.

* Social relations
*  Community benefits
* Research / knowledge benefits






:‘J?N Comparison of ecosystem
S services tools

Tools for measuring,
modelling, and valuing
ecosystem services

Guidance for Key Biodiversity Areas, natural World Heritage
sites, and protected areas

Rachel A. Neugarten, Penny F. Langhammer, Elana Osipova, Kenneth J. Bagstad, Nirmal Bhagabati
Stuart H. M. Butchart, Nigel Dudiey, Vittoria Elliott, Leah R. Gerber, Claudia Gutierrsz Arrellano
Kasandra-Zoica ivani¢, Marianne Kattunen, Lica Mandle, Jennifer C. Memman, Mark Mulligan

Kelvin S.-H. Peh, Ciara Raudsepp-Hsearne, Danus J. Semmans, Sue Stolton and Simon Willcock

Craxg Groves, Senes Editor

https://portals.iucn.org/library/node /47778 Pages 11-25



Name Acronym
Integrated Valuation of Ecosystem Services and

Tradeoffs INVEST
Toolkit for Ecosystem Service Site-based Assessment TESSA
Co$ting Nature C$N
Artificial Intelligence for Ecosystem Services ARIES
Social Values for Ecosystem Services SolVES

Multiscale Integrated Models of Ecosystem Services MIMES

Protected Areas Benefits Assessment Tool PA-BAT
Ecosystem Services Toolkit EST
WaterWorld WW

InVEST

egrated valu

CoSting
Nature

%
0

SolVE

The Protected
Areas Benefits

Assessment Tool




TOOL TYPE

Social science survey / field
protocol / workshop

More expertise
& data required

SolVES

Social Values for Ecosystem Services

The Protected
Areas Benefits

INVEST
Assessment Tool S tegrated vlustion o

ECOSYSTEME !

SERVICES " Wb e ¢ .
2oL 2 CoSting
o Nature

Less expertise
& data required

Written guidance documents Computer-based models
/ interactive PDFs



1. Reason for assessment

2. Type of outputs needed

InVEST

Advocacy ,

. _ 3. Practical considerations Codting
Spatial Planning Qualitative / Nature
Finance quantitative Time .‘
Establish a PES Spatial / non-spatial $ 54
scheme Monetary / non- , A‘RIES

monetary EXperiise iy St

; : - Data
Single site / multi-site SQIVES
MImes

LUCI =



1. Reason for assessment

Reasons for measuring ES INVEST MIMES PA-BAT SolVES TESSA WW
provided by sites

Public/policy support

Provide additional evidence and justification for the

importance of conserving a particular site v/ v/ v v/ v/ v v v/ v/

Foster local awareness of the ES provided by a
particular site v v v v v v v v/ v

Build support for the conservation of multiple sites
through increased understanding of their wide range of
benefits L4 4 v o W\ v/ v/ v/

Link ES contributed by all sites in a country to
international or national sustainability goals and national
policies (e.g. SDGs) v v/ v v/ v/

Establish the baseline of ES provided by a site to enable
monitoring of changes and support management
planning L4 4 v v W v/ v/ v/

Reveal synergies and possible trade-offs between
ES and/or ES and conservation objectives to identify
management options for the site v v/ 4 o s v/ 4 4

Develop, implement and update management strategies
for the site (e.g. integration of ES into site’s management
plan or developing a business plan for the site) v v v v/ v/ v/ v v/ v

Human well-being

Ensure a good understanding of the ES values that
are important to resident, local and more distant
stakeholders v v/ v v |V | v v v/

Assess compensation options to resident and local

stakeholders for ES forgone as a result of biodiversity

conservation, to contribute to discussions about Free
Table 3 Prior and Informed Consent, confiict resolution, etc. v v/ v v v

v = can potentially be used; /¢ = can potentially be used and there are case studies



Do you need results that are quantitative?

Do you need results to be spatially explicit (maps?)

Do you need results that are in monetary units?

Is the assessment for a single site or area?

Do you need results which are comparative (between two sites or policy scenarios?)
Do you have capacity / time to develop the model yourself?

Do you already have data on ecosystem services at the relevant scale?

Do you have capacity / time for field data collection?

Do you have capacity / time for stakeholder consultation or surveys?



Table 4

2. Type of outputs needed

InVEST MIMES PA-BAT

Maps of services (GIS based) v v v v

Maps of services (participatory mapping) v v v
Relative or qualitative values v v v v v v v
Quantitative (biophysical units) v v v
Monetary value v v v v v
Designed for scenario comparison (e.g. between

land use or policy scenarios) v v v v
Requires additional paid software licenses v v
Requires use of GIS software v v v
Requires modelling skills v

Requires social science knowledge v v/

Online training available for modelling tools v v v N/A 4 N/A
User support available

3. Practical considerations
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WHICH ECOSYSTEM
SERVICES DO YOU
WANT TO ASSESS?

Table 5

Ecosystem Service

Fisheries / Subsistence fisheries (wild)

ARIES*

CSN

InVEST PA-BAT SolVES

TESSA WwW

Freshwater aquaculture

Fuetwood

Genetic material

Harvested wild goods ¢ Hunling / Non-wood forest pro-
ducts (e.g. honey, mushrooms, berries)

Livestock grazing

<

Marine fish aquaculture

-
b

Material extraction (e.g. coral, shells, resin, rubber, grass,
rattan)

Medicinal resources

Production / Cultivated goods / Traditional agriculture

Timber

. T B “Sl [ N

SIS ISTS

Water - Water provision / Water supply / Water quantity /
Water yield

Carbon (sequestration)

\
<

Carbon (storage) (terrestrial)

Coastal blue carbon

Coastal protection / Coastal flood regulation / Coastal
vulnerability

Erosion

Flood protection / Flood regulation / Flood prevention

Greenhouse gas flux

o B

Landslide risk / Soil stabiisation / Avalanche protection

Pest & disease regulation

Paliination / Crop pollination

Sediment retention / Sediment regulation / Sediment
delivery / Sediment provision

Seasonal water yield - regulation of timing

Water purification / Water quality




WH IC H ECOSYST E M cosystem Service ARIES* C$N  InVEST PA-BAT SolVES TESSA WW
S E RVI C E S D O YO U gmand historical values / Cultural heritage / Inspi-

ration, creative or artistic / Social relations/community

WANT TO ASSESS? — ‘

Health, mental & physical

\

Peace & stability

Research / Knowledge

Education

Recreation / Nature tourism / Leisure 7 7 v

NSNS SIS SIS
N

Spiritual values / Sacred natural sites

Sense of place / Identity

Scenic quality / Aesthetic viewsheds 7 /

<

NINTNITRNTS [N [S

Wilderness and iconic values [as a cultural value] 4 /

Employment /

Existence / Bequest value o

Habitat quality / Nature conservation / Biodiversity 7, / 7

Habitat risk assessment

Table 5



Criterion WaterWorld

Cost & open/closed Free, open- Free (policy Free, open- Free, open- Free, open- Free, open- Free, requires |Free, open- Free (policy analyst
source source analyst or source source sSource; source purchase source or scientist version)
m scientist version) requires of ArcGIS or paid license
or paid license purchase software (advanced user
(advanced user of SIMILE (closed- or commercial
or commercial software SOurce) versions), closed-
versions), (closed-source) source
A closed-source
m Availability Available Available Available Available Available Available Available Available Available
Time requirements Low for global |Low Low to high Moderate to High fornew [Low to Low to high Low to high Low
models; High high case studies |moderate
for new case
studies
F Data input demand Low to high Low Low to high Moderate to Moderate to Low Low to Moderate to Low
high high moderate high
> Skill requirements Low to high Low Low to high Moderate to High Low Moderate Low Low
High
m Scale of analysis Local to global |Local to global |Local to global ([Local to global |Local to Local Local to Local Local to global
regional regional
Quantitative / Quantitative or | Quantitative Quantitative or  |Quantitative or |Quantitative Qualitative Quantitative  [Quantitative or | Quantitative
Qualitative Qualitative (relative values) |Qualitative Qualitative Qualitative (absolute physical
magnitudes)
E Monetary / Monetary or Monetary or Monetary or Monetary or Monetary or Nonmonetary |Nonmonetary |Monetary or Nonmonetary
Nonmonetary nonmonetary  |nonmonetary nonmonetary nonmonetary  |nonmonetary nonmonetary
Spatially explicit Yes Yes Either Yes Yes No Yes No Yes
Technical Computer and |Computer and [None Computer, GIS [Computer None Computer, Field equipment |Computer and
requirements internet access |internet access software access, Similie ArcGIS (optional) internet access
software, GIS
software
m User support Moderate Moderate Low High Moderate Moderate Moderate Low Moderate
Level of development |Case studies & |Partially Fully developed |Fully Case studies | Fully Fully Fully Partially
& documentation global models |documented and documented |developed and |developed and |developed and [developed and |developed and |documented
Table 6 developed and documented documented |documented |documented |documented
documented




Table

SUMMARY TABLES

o)}

Criterion WaterWorld
Range of time for full |Days to weeks |Minutes to hours|Hours to days |1-3 months 3 months to 1 day Monthstoa [20-60 person |Minutes to hours
application in a new for pre-existing |for application of |for scoping for smaller learn model workshop, year for survey |days for prepa- |for application of
site (scoping, data models; months [the model with |process; highly |projects, less  |functioning, days to design and ration, primary | the model! with all
collection, analysis toayearfora |all provided data |variable for if data exist 1-3 months weeks for gathering data collection |provided data
follow-up) new case study a complete and scenarios |for smaller preparation, |survey data; |(biophysical and
assessment identified up- |projects, 6 subsequent  |minutes to socioeconomic),
depending on front; 6 months |months to 2 analysis of run the model |and analysis
the methods/ to 2 years for  |years for larger |workshop once survey
tools selected, |larger projects |projects results, follow- |data are
resources / with multiple up available
capacity of ES, depending
assessment on level of
team, and stakeholder
extent/quality of |involvement
results expected
General summary / Spatially explicit |Rapid analysis |Detailed step- | Spatially explicit | Dynamic Qualitative Provides A collection Rapid analysis of
insights ecosystem of indexed, by-step guide ecosystem modelling and |paper-based |maps of social |of site-based detailed biophysical
service trade-  |bundled services |with built-in tools |service trade- |valuation using |forms for values for comparative assessment
off, flow and based on global [to complete ES |off maps; input-output | protected area |ecosystem assessment based on global
uncertainty data, along with |assessment currently analysis; managers and [services; time |methods data, along with
maps; currently |conservation including relatively time  |ecosystem stakeholders |consuming for |targeted at conservation
time consuming | priority maps analysis of consuming to  |trade-off to assess new studies  |practitioners priority maps
for new biophysical, parameterise  |and decision  |benefits but lower- without
applications, sociocultural, making, provided by  |cost for value |specialised skills
unless using and economic highly time protected transfer
global models values; consuming to |areas
compendium of develop

additional tools,
methods, and
data sources;
and guide to
using resulits

in multiple
policy/decision
contexts




Short description of the tool

User requirements (software, data, expertise)

Which ecosystem services can be modelled with the tool?

Can it be applied in terrestrial, freshwater, and coastal/marine contexts?
Strengths or unique features that set it apart from other tools
Limitations

Potential applications for conservation

Case studies

Approximate time (staff-days) and cost of a full application of the tool in a new
context



Annex ll. Description of tools and case

studies

A short description of each tool including user requiraments, strengths and limitations, potential applications for important
sites, and case studies in which the tools have been applied at the site level are Summarised below. We have focused hers on
t00ls that are available at no cost and can be applied in new contexts (i.e. thay are not rastricted to specific countries or case
studies). For a more comprahensive set of tool descriptions, please see the ValuES Database (www.aboutvaluas nat/) and the
Ecosystem Services Toolkit (Value of Nature to Canadians Study Taskforce, 2017).

Artificial Intelligence for Ecosystem

Services (ARIES)

Description

Artificial Intelligence for Ecosysiem Services (ARIES;
ares.integratedmodeling ¢/} is an ES modeling platform
(Vi#a et al., 2014). Tneorstically, any ES can be modeliad using
ARIES, but currantiy (early 2018) the folowing ES modeis nave
been deveioped and tested: carbon storage, fiood regulation,
posnation, and cultural / recreational valuas. Modsls for several
additional ES are under development: mangrove carbon
storage, mariculture Suabity, water provision, landside

risk, and segiment provision. Case studies have aiso been
deveioped for carbon sequestration, coastal protecton, cuttural
values, erosion, fisheries, biodiversity, Crop production, scenic
valug, and sedment retention/delivery.

User requirements

Currently ARIES consists of specialised software (a graphical
user intarfacs (GUI) for collaboratve modelling) and a series

of linked web-Dased gatabasss for uploading. storing and
accessing data. Thus, ARIES currently requirss specialised
expertice Or training, uniess the user is running giobal models
{availablo at tho imo of thic roviow) on a wob intorfaco (plannod
for completon before fal 2018), in which case models are
MuCh MOore accassibia to non-iechnical users. The data fow
and parameterisation of giobal modsis is fuly automated.
Howgver, applying nen-giobal modesis in New contexis requirss
the user provide ai the NeCasSary input data (uniess using
globa data that are alrsady integrated into the modsiling
system) as wsll as speciy all the model parametsrs and
algorthms. By late 2018, a weD-based application will bs
deveopsd.

Strengths

ARIES can accommodate sophistcated modeliing techniques
including agent-based moasliing in which the behaviour of
individual actors, Such as indviduals or groups, i simulated, to
assess effects on the system. ARIES can aiso accommodats
dynamic modeliing. in which Mode! Processas change over
time, and macnine learning, whers model relationships are
learnad from data. ARIES aisc can account for uncertainty
(v#a et al., 2014). Two unigue contributions made by ARIES
t0 the unverse of ES assessment tools is a standardised
lexicon Or semantics, in which a gwen term such as

"aboveground DIOMAss carbon storags.” is always defined
and measured consisienty, No matter which model or analysis
it appears in. This enabies ARIES to matcn data and modeis
10 the appropriate spatial and temporal context and sCas,
overcoming common chalengss of uni and/or scale matching
and contextualication in ES modeling. A second contribution ic
ths creation of a giobal database and mode! repository whers
uSers submit relevant datasets and modsis; over time, tnis vl
become an invaiuabie rasourca as data imitations ars often the
key factor nindering ES assessments. The collaborative, cioud-
based, context-specific elements of ARIES distinguich it from
other approacnes. Spacicaty, collaboratve modsaliing via web
platforms such as BitBuckst allows @ community of modsiiers
10 contridute and re-use Modsis. Finally, the automated
production of reperts describing the modsling methodology
and recults snabies giobal models to be run and the outputs
readily understood (Willcock et al., In press).

Limitations

ARIES cumantly requinss speciaised training. User
documentation is avaiabie via an online collaborative forum
(ntegratedmodsling org/confiuanca). Cumently for all new cass
studies, ARIES requiras a uSer t0 have specialcad expertics,
provide all the necessary data, and speciy all the modal
parameters and aigorithma {uniees utiising global data and
modeis). Training i avaiable (spangunivarsty DC3rasaarch ongs.
AS a recult, medsl customisation is time and data-intencwve,
making # impractical for rapid ES assessments, and S0 use of
global data and models within ARIES is recommeanded for theca
OCCUMaNCes.

Potential applications for KBAs, WHS and PAs

For nontechnical users, ARIES' giobal modsis provide a uniform
package of modsis that can be run anywhers using global
datassts, but for which local data can De easiy substituted
(particularly when ihe accessiDity of these modsis is improved
by the reiease of ihe wed Drowser interface). ARIES aiso
provides a sophisticated mededing approach for users who
wish 10 gain specialised traning, provids ther own data, and
Specify the model parameters themsehes. Bacauss it can
accommodate agent-tased modeliing, dynamic modsling,
maching learning, and uncertainty, ARIES is an advanced
soiution for agdrassing e compiexity Of socio-acological
processes. Modeis developed vithin ARIES coud provide
dstaled information about ths interacting sffects of multicle uter
groups, for example, or vanation in ES fiows over tme.

Summary

ARIES is ons of the more sopiisticated tools ncluded in this
reviegw, and as such has the potential to provide information
about ES that refiects the compiax, dynamic, interactve fiows
of bengfits from nature 10 pe0dle. Dus 0 the requirsmants for
spacialiced expertics, data and tme to apply ARIES in new
contexts, however, it alse rep\sents one of the most tme
consuming and challanging Cois to apply. except when the usar
wianis to usa glodal models trat have aleady been daveloped,
tested, and served trougn a #eD-Dased interface. In the future
(oy fate 2018) the cning user nterface will make & easier for non-
experts to uss.

ARIES Case Study:

Evaluating biophysical and cultural ecosystem
service hotspots using ARIES and SolVES to inform
national forest planning in the United States

Context: The USDA Forest Servica has £esn a lsader among
U.S. land management agences n advancing the use of ES
conceptis and tools for forect planning, in part as an outgrowtn
of their 2012 Pianning Rule. Given the innerantly spatial naturs
of forest planning, two ES tools were jointly applied to map
different aspects of f0rest ecosystem senvicas, and then ther
recults were comoined $0 buid More informative maps for
managers. First, the ARIES modeling piatform was uted to
modei four Diophysically-Dased ES across Six national forests
in the Rocky Mountains of Colorado and Wyoming. Second,
Sunvay data on pubic vakes largely comasponding to cultural
ES) for the same national forests with the SONVES too! were
used to model these values gpatially. By sstimating biophysical
and cuitural ES *hotspots’ (high ES value areas) and 'coidspots’
{iow ES valus areas) and overaying the two, a matrix of
biophysical/Cuitural not-warm-coldspots across a large extent
of pubic lands in the Rocky Mountains region of the western
U.S. was producad, with aistnct management implications.
For exampie, a biophysical-Cultural ES hotspot analysis can
identify regions whers traditional uses ars strongly Supported
by managers Or may require further evaluation for conficts,
araas sutabie for development Or res0ourcs extraction, and
areas wnere public outreach Might ba nesded 0 build Support
for management (Figures A1 and A2).

Motivation/question being add d: Thic anayss buids
©on an earier analysic from Coiorado’s Fike-San isabel Natonal
Forsst 0 evaluate the uss OF aternative hotspot mathods across
a wider region of national foreets in the U.S. Rocky Mountains. Sx
different hotspot methods (quantie, arsa-based, and statstical)
wers tected t0 determing thair sencitivity for dentifying ES hot/
COISpOis. TNe precence of ES hot/Coidspots in witemess ve.
non-vilderness amsas of the National Forests across a gradient
from urban proximate {forests near the Colorado Front Range
urban comidor) to remots (nortv/ect Wyoming) were aise
gvaluated.

Location/acale: The analysis was conducted for six U.S.
National Forests in the states of Colorago and Wyoming an
area totaling amost 57,000 km¥) at a 450 m resoiution.

Time and resources: The Drojact sntailed cyntnssic of
existng ARIES and SoIVES modsis for the Rocky Mountains.
ARIES moaels wers developed, tested and refined over a total
period of about @ months. SoIVES data wers denved from
three separate survays of natonal forests, conducted over an
8-ysar period. The lime Lo deveiop, piol 18sl, and adminisis:
SurveyS Dy mail was roughly 8-12 montns for each Sunvey.
Digitising Survey data, preparing environmental data, and
running SoIVES took an additional 2-4 wesks.

Linked to other tools: The ARIES and SOVES toois were
usad jontly to show the complementarity of Diophysical
models and pubsc participatory GIS approachess for more
comprshensively assassing ES and potental public awareness/
support for reievant management actions.

Stakeholders/collaborators/partnera: Thic oroject was

Ied by the U.S. Geological Survey. The USDA Forect Service
was consulied during the development of the project and
dissemination of results. SOIVES surveys wers deveioped and
adminictersd in collaboration witn cocial science recearchers at
Colorado State University.

Services assessed: Four DiORNysical ES wers modeisd using
ARIES: carbon sequestration and storage, Scenic viewsheds,
sediment retention, and watsr yield. Eleven social valus types/
cultural ES were mapped using SOVES: aesthetc, cuttural,
economic, future, nistoric, intrnsic, lsarning. recreational,
SPINtuAl, SUDSISTANCE, aNa tNArapautC vas.

Beneficiariea: SC8NIC vigwtneds were calculated for
resigents living watnin view of the six national forests and
from recreation SiteS located within the national forasts.
Given the forests’ iocation at the headwaters of a number
of major rvers (Arkansas, Coiorado, Grean, Missouri, Platte,
and Snake Rivers) with signiicant downstream bensfcianes,
it was assumed that hydrologic ES (sediment regulation

and water yield) were used unformiy by downstream water
users. Bengficianas of carbon s3quastration and storage
were assumed to De giobal. Cutural ES data wers collscted
from sunveyS of residents in counties surrounding the national
forasts.

Key results: Ths six hot/coidspot deinsation methods identify
distinctly different numbers and edge-tc-area ratios for hot/
coldspots, with important implications for management when
hot/coldspot methods ars usedin decision making. For large
nationai forests, methods of intsrmediate consenvatism that
produced clusterad hot/colaspots {i.e. statistical methods) may
be Most informatwve for planning. HOtSPOts wers more common
and coldspots [ess S0 in wiklerness aneas of four national
forasts closest to the Coiorado =ront Range urban corridor,
whie the opposits pattern was dbsarved for two More remots
nationa foresis in northwest Wyoming. Thess trends ars

likefy due to differing demograpcs and valuss for wilderness
areas of residents iving near thece forests. They asgn well

with past ingings about public attitudes toward widernass,

10 which theca results add a spatial dimension. This work
shows how information from cutural ES assessments using
pubic participatory GIS techniques (mapped using the SOIVES



Cost and availability for application to new sites Scale and environmental context Time, data and resources requirements

Criterion Cost Availabil- | Open General- Capacity | Single/ Scale of | Appli- Time Data Technical | Skill require- | Interface Level of stakeholder
ity source izability / | for inde- | multiple analysis | cable to require- input require- ments engagement required
(for Applicabil- | pendent | site terrestrial, | ments demand | ments
software) | ity innew | applica- freshwa-
contexts tion ter, marine
WHBET Free; Available Requires Low; Yes, Single or Local to | Terrestrial, | Low Low Computer | Low Excel Low
requires use of MS | currently within the | multiple regional | freshwater and internet spreadsheets
MS Excel Excel developed us access, MS {.xis)
software for the US Excel
only
An introductory Free Available N/A High Yes Single or Localto | All Low Low None Low Pdf guidance N/A
guide to valuing ES multiple global document
EcoSERVE Free Available Requires UK specific | Yes Single Local Terrestrial | High Medium ArcGIS with | High Requires use of | Low
use of and the Spatial ArcGIS
ArcGIS freshwater Analyst
Extension
- Ecosystem Services | Free Available NA High Yes Single or Locaito | All Low Low Nane Low Pdf guidance N/A
Assessment: how to muftiple global document
~ do one in practice
Ecosystem Services | Free Available N/A High Yes Single or All All Low None Computer, | Low Online None
Assessment Support mufiple internet guidance
Tool access
Ecosystem services | Free for Available Closed High Yes Single Local All (but Medium High Computer Low Web-based or | Low
identification and version source not tested (feld data | or iPad for an app
T 0 0 LS inventory tool one in marine coliection) | the app
environ-
ments)
Ecosystem Services | Free Yes N/A N/A Yes NA Localto | All Low Low Computer, | Low Website None
Partnership Visual- national internet
ization Tool (ESP-VT) access
Ecosystem services | Not At present, | N/A Low No N/A All All Low None Computer, | Low Database None
Valuation Toolkit available EVT isan internet
(EVT) currently | internal access
tool for
acoess
by Earih
Economics
team
members
anly
EnviroAtias Free Available N/A USA only Yes, Sinlge or Localto | All Low None Computer Medium Web Low
within the | multiple national (inciuded | and internet application
USA in the access

toof)
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Tools for measuring,
modelling, and valuing
ecosystem services

Guidance for Key Biodiversity Areas, natural World Heritage https://portals.iucn.org/library/node/47778
sites, and protected areas
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Craxg Groves, Senes Editor
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ARIES framework

Smart technology: specifically developed for mapping and quantifying of ecosystem
services, requires minimal training

Utilizes existing ecological-process models: those commonly used or previously
published

Builds ad hoc probabilistic models: with an expert input, accounts for uncertainty,
handles missing data

Machine learning: capable of deriving relationships from the data
Artificial intelligence: used for model selection

Capable to model service flow: agent-based approach accounts for spatial and
temporal dynamics of service flows



ARIES Explorer

https://www.youtube.com/watch?v=vsWGkMBpIl9Y

displaying spatial data (0-7 mins)

mapping ecosystem services (7-15 mins)

spatial scenarios analysis (15-17 mins)

importing your own data and models (17-20 mins)


https://www.youtube.com/watch?v=vsWGkMBpI9Y

Example of using the
ARIES explorer In
Madagascar

prepared by Rachel Neugarten
January 2019



Carbon vegetation mass (t/ha)

10,000 km (?) resolution model run time: 4 min

©

v @ cvegetationmass ivhal @ @ P55

L — D Land cover type Gf?d SiZe . *7y < ‘:.A o » »ﬁ’ % : '\
373527 (441 x 847) cells ST g R
—— [ Continental region e / £ LA G

—— [J Burned land 0.02x0.018°

Total area

—— [J Ecofloristic region

— [ Frontier forest



Data flow

Observation of Region of interest
Region of intere

Observation of ecology:Vegetation chemistry:Carbon im:Mass in t/ha in Region of interest
C vegetation mass
Burned region presence
Extract data from URN. ,« Transform NUMBER to BOOLEAN . =

Cci 2010
Extract data from URN, = Classify input s

Eco floristic region type »= Look up in table
» B4 C vegetation mass [t/ha] Extract data from URN: s Classify iNpUtss o

— -
g |

Ta i YEAR 2019 (@)
i Continental region

Extract data from URN, .. Classify input se—

Critical forest pristine region presence
Extract data from URN.—s« Transform NUMBER to BOOLEAN wps—




Carbon organic mass (soil?); 5,000 km2, run time <8 min

v B ¢ organic mass [t/hal (7 S

[ Land cover type Grid size
350598 (426 x 823) cells

Cell size

[ soil carbon storage [t/ha:

] continental region 0.02x0.018°
Total area

[ Ecofioristic region 842,989.548 km2

] Burned land
] Frontier forest
] Vegetation carbon storzg: it/

[ Pollinated yield [I
] Flowering suitability

29

YEAR 2019 o




Net value of pollination (5,000 km2, run time 15 min)

@ Region of interest

» [ c organic mass [t/ha]

v [ Net value of pollination Gid'size
350598 (426 x 823) cells

[ Pollinated yield []

Cell size

[} Flowering suitability 0.02x0.018°
Total area

D Distance to streams [r:¥?
842,989.548 km2

] Nesting suitability

(] waterbody presence

[ solar radiation [J]

D Distance to large lakes [n]
] Air temperature [°C]

] Landscape suitability

[ insect activity

[ Pollinator occurrence




Net value flood regulation (5,000 km2, run time 10 min)

@ Region of interest

» [] C organic mass [t/hal 0

» [] Net value of pollination (11
350598 (426 x 823) cells

2 vakio nf finnd racilaiinn
v Net value of Tiood regulation m

— D Mean wet season temperature [7] 002 x .;)_013 °
— D Hydrological soil group J

— [ Population density [km?]

—— [J Curve number

—— [J Contributing area [m?]

—— [ slope []

—— [ Precipitation [m?]

—— [J] Water permanence

— D Latitudinal region -

—— [J Normalized wet season temp:iaiun [°

E= &5




@ Region of interest

[ ¢ organic mass [t/ha] — o

[] Net value of pollination Grid size
350598 (426 x 823) cells

] Net value of flood regulation

Flood probability 0.02x0.018°
[} Flood regulation demand

] Flood regulation supply




@ Region of interest

» [ c organic mass [t/ha)

» [] Net value of pollination

» [] Net value of flood regulation
(] Flood probability

Flood regulation demand

[0 Flood regulation supply

Grid size

350598 (426 x 823) cells
Cell size

0.02x0.018°

Total area




@ Region of interest

» [] C organic mass [t/ha]
» [ Net value of pollination @ CrosiE
350598 (426 x 823) cells
» [] Net value of flood regulation (11
Cell size
[0 Flood probability 0.02x0.018°

D Flood regulation demand lotal area

Flood regulation supply




Value of outdoor recreation (5,000 km2, run time 10 min)

@ Region of interest

v [ Value of outdoor recreation (B 1

& oo

—— [J Human influence Grid size
350598 (426 x 823) cells
Cell size

—— [J Travel time [day] 0.02x0.018°

—— [[] Population density facic:

- [ pistance from human saitler | | 018! @r€a
—— [ Travel time [s]

—— [ impedance for travel

—— [] Distance to coast [m]

—— [] Protected status

—— [[] Distance to mountaing [i1]

—— [] Distance to pristine arsws [

—— [[] Theoretical recreation suppl

—— ] Potential recreation scpyly

5000 =
T= B YEAR 2019 )
- N




@ Region of interest

» [] c organic mass [t/ha] &3

e -

» [J Netvalue of pollination ~ @) ©"¢ sz
350598 (426 x 823) cells
> [ Netvalue of flood regulatiof) W( )
[ Flood probability 0.02x0.018°
[C] Flood regulation demand Total area

[ Flood regulation supply

» [ Value of outdoor recreation {1

Demand for recreation




@ Region of interest

» [ c organic mass [t/hal (7]

» [ Netvalue of pollination ~ @) ©"9siz¢
350598 (426 x 823) cells

» [ Net value of flood regulatiolf) : )

Cell size

[ Flood probability 0.02x0.018°
[[] Flood regulation demand Total area
[ Flood regulation supply

» [J value of outdoor recreation {1

[[] pemand for recreation

Theoretical value of outdoor recr




@ Region of interest

» [] C organic mass [t/hal o
» [J Net value of pollination )
» [ Net value of flood regulatior() =
[ Flood probability 0.02x0.018°
[ Flood regulation demand ‘
(] Flood regulation supply
» [J Value of outdoor recreation & 1

350598 (426 x 823) cells

[[] pemand for recreation
[[] Theoretical value of outdoor recr

Potential value of outdoor recrea




@ Region of interest

» [] C organic mass [t/ha]

» [J Netvalue of pollination ~ ) ©'° 57
350598 (426 x 823) cells

» [ Net value of flood regulatio)
[0 Flood probability 0.02x0.018°
[[] Flood regulation demand Total area
[ Flood reguiation supply
» [ Value of outdoor recreation (g 1
[[] pemand for recreation
[[] Theoretical value of outdoor recr
(] Potential value of outdoor recrea

Net value of outdoor recreation




Sediment retention (5,000 km2, run time 10 min)

Bd = — Tt e e e e -

[] Net value of outdoor recreation

Grid size
v Retained soil mass from .V.e@.ﬁ 350598 (426 x 823) cells
—— [J C factor unvegetated Cell size

0.02x0.018°

Total area

—— [ P factor

— [ silt percentage

—— [J Soil organic matter

—— [[] Sand percentage

—— [0 Clay percentage

— [ R factor [MJ-mm/(ha-h)]
— [ K factor

— [ c factor

—— [ Ls factor

=




@ Region of interest

» O Corganicmassfvha] @ ————@
» [J Netvalue of pollination ~ ) Crd size
350598 (426 x 823) cells

» [ Net value of flood regulation}) G
Cell size
[ Flood probability 0.02x0.018°
[] Flood regulation demand Total area
[[] Flood regulation supply

» [ value of outdoor recreation I t
[[] pemand for recreation
[[] Theoretical value of outdoor recn
[] Potential value of outdoor recreal
] Net value of outdoor recreation
» [ Retained soil mass from veg{ti

Potential removed soil mass [t/h:






