
Ecosystem accounting for
recreation services and amenities

in urban areas
David N. Barton, NINA

with

Zofie Cimburova, Megan Nowell, Frank Hanssen (NINA), Kristine Grimsrud(SSB), Axel Heyman(AHO) 

and Marta Suarez (PhD.) 

LONDON GROUP ON ENVIRONMENTAL ACCOUNTING 

23rd MEETING 1‐4 OCTOBER 2018 Central Statistics Office of Ireland  

Session D. METHODOLOGICAL WORK SEEA Experimental ecosystem accounting revisions and applications  21. Urban accounts 

Wednesday, 3 October 2018



Urban ecosystems:
«urban and associated developed areas» (SEEA EEA)

SDG #11:  Making cities and human settlements 
inclusive, safe, resilient and sustainable. 

Take home:
1. Urban areas are more easily mapped as gradients of

«condition» than as a well‐defined «extents»
2. Urban ecosystem «condition» used to predict unobserved

local outdoor recreation ‐ amenities for human habitation
3. Use of public green space has small exchange values, but

multiplied over daily occasions and large populations can
represent large absolute time use and value



Outline

1. Describing the urban ecosystem and urban 
recreation services

2. Measuring recreation service flow
3. Measuring ecosystem condition for recreation 
4. Valuation



Green space?



• Urban boundary

https://www.strava.com/heatmap

Urban ecosystems as gradients



Source: Vallecillo S, La Notte A, Polce C, Zulian G, Alexandris N, Ferrini S, Maes J. 2018. Ecosystem services accounting: Part I 
‐ Outdoor recreation and crop pollination, EUR 29024 EN; Publications Office of the European Union, Luxembourg, 
doi:10.2760/619793, JRC110321. 

What is local?

3‐4 km



What is daily?

recreation also
from
«active
transport»



Users types,
recreation
opportunity
spectrum

Abiotic,
biotic &
built

structures 
& surfaces

Individuals as
beneficiaries

Institutions as 
beneficiaries

(incl. 
households)

SUITABILITY (FACILITIES ONSITE)

NORMS (SOCIAL, PUBLIC/PRIVATE)

Source: adapted Barton (2016). Illustration transect: Duany Plater‐Zyberk & Company. https://transect.org/ Icons Shutterstock Icons Shutterstock.

CONDITION 
(BIOTIC, ABIOTIC, BUILT)

Local outdoor recreation for daily use* 
biotic condition part of a complex

CAPABILITY (OWN MOBILITY, KNOWLEDGE)

ACCESSIBILITY (TRANSPORT, EXPENSES)



Outline

1. Describing the urban ecosystem, urban recreation 
services 

2. Measuring recreation service flow
3. Measuring ecosystem condition / amenities
4. Valuation



Local outdoor recreation for daily use* 
in urban areas

Daily, local recreation:
• Capability – recreation 
using own locomotion

• Accessibility – public
rights of way, free of
charge, not entailing
direct travel expenses

• Suitability – facilitated
for own mobility
(paths..)

• Condition – «bluegreen
space» (water, 
vegetation), «public
open space» (people)

500m

250m

100m

Map: Megan Nowell, NINA



ESTIMAP daily outdoor
recreation model

Ecosystem
service
potential

Indicators of urban 
ecosystem condition 

for recreation / 
amenities?

CLC=Corine Land Cover, WDPW=protected areas, SLSR= Suitability of land to support recreation. EB‐P= Ecosystem‐Based potential.  
RP=recreation potential.  Source: Vallecillo et al. 2018. 

Predicted
flow/use

Mobility
model

Actual
flow/use

GPS 
tracking

Hedonic
property
pricing



Foto: David N. Barton

«amenity services bundle»Home sweet home



Foto: David N. BartonFoto: www.vendanvo.com



WD to tram

WD to park Amenity diversity index

WD to Marka WD to water

Socioeconomic index

Network integration R30 WD to school WD to highway ramp
• spatial integration
• access to primary school
• access to highway ramps
• access to tram
• access to Marka peri‐urban forest
• access to water
• access to park
• amenity diversity index
• socioeconomic index

Significant variables

Hedonic property 
pricing (2017)

Source: Heyman et al. 2017



Hedonic pricing
(2018)

Non-linear, marginal 
value of proximity to 
«green spaces» varies
by type and direction
(and unobserved
condition variables)

Source: Heyman et al. (2018) A revealed preference 
study of Oslo apartment transactions (forthcoming)

Large parks Small parks

Marka forest NorthMarka forest East



Outline

1. Describing the urban ecosystem and urban 
recreation services

2. Measuring recreation service flow
3. Measuring ecosystem condition for recreation 
4. Valuation



landuses 
(«extents»)

Illustration transect: Duany Plater‐Zyberk & 
Company.https://transect.org/

surfaces 
& structures 
(«condition»)

gradients of condition



Illustration source: Duany Plater-Zyberk & Company. https://transect.org/
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Urban centre

General urban

Sub‐urban

Rural
reserve

Rural
preserve

Indicators of urban ecosystem extent-condition 
are nested, spatially autocorrelated and potentially double-counted in valuation
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Illustration source: Duany Plater-Zyberk & Company. https://transect.org/

Urban core

Urban centre

General urban

Sub‐urban

Rural
reserve

Rural
preserve

Ecosystem condition at landscape scale



“MARKA” PERI-URBAN 
FOREST AS EXTENTS FOR 
OUTDOOR RECREATION

Peri-urban forest > 5000m2

Relevant classification for properties 
within peri-urban areas who do not 
have these surrounding forests as 
recreational destinations?

Does the size and quality of the forest 
patch matter?

Oslo‐Akershus counties Slide: Megan Nowell, NINA



Source: Suarez, M. (forthcoming)  Mapping nature‐based outdoor recreation 
opportunities considering dimensions of equity and justice: A case study in Greater 
Oslo, Norway, UNESCO Chair in Sustainable Development and Environmental 
Education, University of the Basque Country (UPV/EHU).

«condition» for
recreation (at 
landscape scale?)

ESTIMAP model
terminology:

Landscape condition for 
outdoor recreation as 
gradients



RECREATION AREA DESTINATIONS 
WITHIN THE BUILT ZONE

DISTANCE TO:
 Green spaces
 Sport facility
 Park
 Cemetery
 Friområde
 Marka forest
 Lakes
 Rivers
 Fjord

Slide: Megan Nowell, NINA



Illustration source: Duany Plater-Zyberk & Company. https://transect.org/

Urban core

Urban centre

General urban

Sub‐urban

Rural
reserve

Rural
preserve

Ecosystem condition at neighbourhood scale



NEIGHBOURHOOD
GREENNESS

Sentinel-2 Normalized difference 
vegetation index (NDVI)

Slide: Megan Nowell, NINA
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Structural diversity index (SDI) of
public green spaces

Outdoor
recreation 
preference

Green space structural complexity

Hypothesis

SDI: Voigt et al. (2014)



Illustration source: Duany Plater-Zyberk & Company. https://transect.org/

Urban core

Urban centre

General urban

Sub‐urban

Rural
reserve

Rural
preserve

Ecosystem condition at streetscape scale



STREET 
SEGMENT

Tree canopy density

LiDAR*

Sentinel 2 satellite

Green View Index*
20m

*O
sl

o 
on

ly

MIT Senseable City Lab
Li et al. 2015

http://senseable.mit.edu/treepedia/cities/oslo
Maps: Megan Nowell, NINA



Oslo

Source: Greenview index. MIT 
Senseable City Lab

Greenview index(3D)
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Illustration source: Duany Plater-Zyberk & Company. https://transect.org/

Urban core

Urban centre

General urban

Sub‐urban

Rural
reserve

Rural
preserve

Ecosystem condition at plot scale



PLOT / 
PROPERTY

Water edge?

% Grass

% Tree canopy

Maps: Megan Nowell, NINA



Built blue‐green structures
on developed land

Source ES icons: Future Cities Project, Oslo Municipality
Source BGF icons: BGF norm 2018, PBE, Oslo Municipality

Source: matrix
own elaboration



Outline

1. Describing the urban ecosystem and urban 
recreation services

2. Measuring recreation service flow
3. Measuring ecosystem condition for recreation 
4. Valuation



Source: CBS and WUR (2018) The SEEA EEA biophysical ecosystem service supply‐use account for the Netherlands 

Institutional context of use accounts at municipal level

How closely are use accounts aligned with beneficiaries (as 
institutions, organised interests)?



Valuation 
methods:

Potential
activities

Abiotic,
biotic &
built
structures 
& surfaces

Individuals as 
beneficiaries

CAPABILITY, PREFERENCE, CHOICE  

Hedonic
pricing

Access
fee

Replacement
cost

Choice 
experiment

VALUE ARTICULATING INSTITUTIONS

NORMS

Health
cost

avoided

Opportunity
cost of time

Source: adapted Barton (2016)

Illustration transect: Duany Plater‐Zyberk & 
Company.https://transect.org/ Icons
Shutterstock.

Travel 
cost

Restoration
cost

Simulated
exchange

SUITABILITY, CAPACITY

CONDITION

ACCESSIBILITY

Social groups as 
beneficiaries

Alternative disaggregation
of ecosystem service use 
accounts at local level?

high/low income households
households with children

young/old

Special interest:
Hiking,walking dog, biking,
skiing, boating

city districts/neighbourhoods
public/private owners



 ‐   10   20   30

Built area with trees

Parks & cemetaries

Natural areas in built
zone

Entry points Marka

Marka interior

Marka Wilderness

Millions

Total hours on‐site/yr

Total visits/yr.

Peri‐urban old 
growth forest

Peri‐urban forest 
interior

Peri‐urban forest 
access areas

Source: Barton in Cole et al. (2018)

Data: OSLOpenNESS web‐survey 2016 Photo: Vegard Gundersen

Parks & cemeteries

Alternative - Recreation valuation of time on-site



Final thoughts & questions
1. Mapping of ecosystem condition is key to  

valuation of urban recreation and amenities
2. Valuation methods depend on different political

constituencies within the general sector
«households» >> specify use accounts?

3. Recreation and amenity values are tripple
counted, but each are useful for different aspects
ofmunicipal planning

4. Further work on valuation of time on‐site needed
5. Urban ecosystem accounts as parallel thematic

accounts because of issues with extent‐condtion
confounding and plural, diverse double counted
values?



go raibh maith agat!
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