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Abstract

Ecosystem services is a broad term for the welfare humans derive from nature. For a number
of reason$ such asnissing markets, externalities, undefined property rigind|ack of
information - the ecosystem services and the natural structuaésitiderlie them are not
adequately accounted for in the economy. This is a problem because it can lead to a poor use

of resources

This study is concerned with valuing street trees in Oslo. They provide a range of benefits to
people living in the city, bitheir value is not fully accounted for in the economy. Population
growth and densification of the city puts pressure on their existence in the city and on the
municipalityds budgets. 1t is important to
urbanizat on t hat reflects peopleds preferences

Valuing urban ecosystem services is challenging because there are so many different
preferenceandecosystem services ansmall geographical ardais ahigh contextdensity
environmentMany of the services are both complementary and substitute goods to other
services. Figuring out how to value different urban ecosystem services istreaghtforward

process

| have applied the contingent valuatimethodto estimt e t he val ue of Os|
Thedata comes from aonline websurvey on a representative samgaeried out as part of

the Oslo OpenNESS research projétte survey was designed to elithite willingness to pay
forariseinthenu n i c i pualdeti far strét 8ees in order to maintaom increasé oday 0 s
level of streettreeis n  r e s p o n. Hestimateddhatshe meare WTd each household

for mainterarnce or increase in street tree density to be 333 NOK per year, over the course of
the next 15 years. Aggregating over gtrae of householgopulation ofOslothis becoms

almost 60 millionNOK per year! only extrapolated to the same share of households as the
share of respondents that reported a WTP, | have not assumed anything about the share that
did not report WTP.

The policy relevance of this study is documentirgébonomic vale generated by street

trees in Oslo and defending their place in the city and omthen i ¢ i pualdets.t y 0 s
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1 Summary

Ecosystem services is a broad term for the welfare humans derive from nature. fbea nu

of reason$ such asnissing markets, externalities, undefined property rights, lack of
information, the ecosystem services and the natural structures that underlie them are not
adequately accounted for in the economy. This is a problem becauséetdan a poor use

of resources. Environmental degradation and destruction of natural structures that are of
higher value to us than the benefits we get in return are examples of this. However, there are
ways of valuing these services. By making the \allear to the decisiemakers, we are in a
better position to make good choices about tradeoffs between therengit and other

concerns. With thepeed and extenf humans effect on natunecreasing studying and

valuing ecosystem services is in@egly important.

Today more than half the people in the world live in citdghe same time as urban nature

is becoming more valuabiébecause of more people benefitting from them and increased
need for their services as the cities grow and coredetige pressures on the green structures
grow. Competing alternative uses, worsening conditions and rising costs of provisian mean
green structures have to be protected and conserved. Valuing urban ecosystem services is a
good way of making these valuesplicit to thedecision maketsand put them in a better

position to make goodhoices about city planninGémezBaggethun & Badn, 2013

City trees are one of the most important natural structures in cities. They provide a range of
ecosystem services and are maybe the most visible of natural structures to people who live in
cities.Oslo has many city trees, but with high popioia growth and densification of the city,

city trees are under pressuBath through alternative use of the land they occiyher cost

and alternative use of tmeu n i c i pualdetand snd@restresson the treethemselves

(Oslo Kommune, 2010

In this master thesis | will analyzestated preference study streettrees inOslo. This study

is part of the EU research project OpenNBE®8$ role in this study has been to assist David
Barton in designing and conductitige contingent valuation survephis thesis including the
statistical analysis of the results from the survey is my own vevitl present the different
valuation methods consideredthis projectto highlight the tradeoffs and considerations one

has b make when valuing urban ecosystem servitlks.valuation methobdeing used in the



end wascontingent valuatiorWe decided to only focus on street trees, because it was a
specific group of natural structures that was publicly ownedoamvded This male the

valuation scenario comprehensible and believalléherespondents

| will present theheory underlying the stugdgnd put it in a scientific context by presenting
relevant studies in the field. | will analyze and comment on the results andglibe

economic implications of the study.
The main results of the study are:

1 Streettrees are important to human welfaasadmostpeoplein Osloboth value and

want street trees in theaeighborhood
1 The majority of Oslé inhabitantdiave a significant WTP for city trees

71 Out of the repondents that accepted the valuation method (52,8%g¢stimated
meanWTP to keep the quantity streetirees in the future at its curremt higher

levelis 333 NOK per household per year over the next 15 years.

1 Aggregated over thappropriate share dfie population of households in Oslo this
accumulates talmost 60 millionNOK per year over the next 15 years.

The policy relevance of this study is documenting the economic value generated by street

trees in Oslo and defending their place inthecityanon t he muni ci pal i tyoés



2 Introduction

In this section | will give some background and motivation foristhiey of this master thesis.
Introducing ecosystem services and explaining why it is important to quantify and estimate
the value they represat. The current situation in Oslo will be commenté&te EU research
project OpenNESS will be introduced andgill explain how it is related to thstated

preference studgf this master thesi$ will present the aim of the thesis including limits of

the project. And finallypresent the thesis structure.

2.1 Background and motivation

The natural environment the foundation for human existence, and obviously very valuable
to us. This is old knowledge, and most people feel it intuitively. However it isecéntly

that valuing the services we enjoy from the ecosystems has become an object of scientific
study and a pressing political subject. Tieed for these studies halso become more

pressing as thepeed and scale of teéects of human behavion nature have become more
evident Ecosystem services are basically all the goods and services provided by nature that
humans benefit from. We will go into more detail about the term in chapter 3.

The reoclassical economic systdrascreated massive exteritas. There is gervasive
market failure to take natursufficiently intoaccountEcologicalscarcities, ecosystem
degradationbiodiversity loss and climate change the resultsvaluing ecosystem services
is a way of making these values explaidputsus in a better position to make informed
decisions(R. Costanza et al., 1997

It is important to acknowledge that thate of knowledge is incomplete. We do kaabw all
the ways nature workand how it relates to our wellbgjrand economic systems. But by
trying, we a&e increasing our knowledge and improving warys of valuing. And
importantly, we get estimates that are very likely to lieebéhan the often arbitrary and
understated value that is given to nature impli¢hipugh our choices in the current
economic systentEconomicvaluation is always implicit ogexplicit; it cannot fail to happen
at all. (Pearce, Atkinson, & Mourato, 2006

The city of Oslg OpenNESS and street trees



The city of Oslo is undergoing large changes. It is a rapidly growing city with a fixed city
boarder. The high population growth ahdd ma r k a’gneanhighes aensification, and

a lot of city planning changes. This will put pressure on the existing green strulttisres.
important to value the green structures in order to justify their existence in the city and on the
municipaliy 6 s b kudhgredrevaluation will put the city in a better positionget
urbanizatiorthat reflects thé n h a b préfeaemdesfd@ green structures and ecosystem

services.

The stated preference study in this master thesis is pidue @islo casstudy of the EU
research project OpenNESS. The aim of the research projgét is translate the concepts
of Natural Capital (NC) and Ecosystem Services (ES) into operational frameworks that
provide tested, practical and tailored solutions for integrgtES into land, water and urban
management and decisioma k i (OpenNRESS, 2004

Several other studies have been carried out in the Oslo case-shatlyding literature
review/metaanalysis, benefits transfer, hedonic pricing and time travel stifiagid N.
Barton, 201%. My role in this study has been to assist David Barton in designing and

conductingthe contingent valuation survey.

Trees are the ecological foundation for jmamportant ecosystem servic€3slo municipality
currently uses ®anish valuation method VATO®) calculate the liability or compensation
value city trees. This ia technical valuation method basedcosts connected to the
provision of city trees ase&ll asexperts consierations of the trees benefi(Bavid N.
Barton, 201%We wanted to conduct a stated preference study in order to estimate a

preference based viand hualk wilmgnesbsadsag fdr city mneesOs | o0 6 s

Valuing urban ecosystem services is not a straightforward process. There are many
considerations to be taken. The valuanoethod useth this study isontingent valuation.

We decided to only focus on street trees, because it was a specific grotalfsteuctures

that was publicly owned and maintained. This made the valuation scenario comprehensible

and believable for the respondents.

! Markagrensen is a boarder definediitawfrom 2009 protecting the forest surrounding Oslo from built
infrastructure, effectively hindering the city from expanding geographida/¢200906-05-35,Klima- og
miljgdepartementet, 2009)
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Figure 1 Street trees alongRing 2, Chr. Michelsens gatephoto by Mapaid AS.
Thecurrert situation in Oslo is quite good, with a substantial am®f street trees,

exemplified inFigurel. Oslomunicipalityvalues nature and environmental issues highly,

with several policies aniaitiativesto protect and strengthe i t sg rfiebelnue nf rastr uc

Figure 2 Principle for planting trees alongmain streetsof inner Oslo, suggestion from municipality plan.



Figure2 illustrates a suggested principle for planting $rang the main streets of inner
Oslo. This sort of policy is easier to execute when it can be justified by the economic values

generated by street trees.

2.2 Research problem and limitations of thesis

2.2.1 Thesis objective

The objective of this master thesisasastimate the value of the ecosystem services provided
by thestreettrees in Oslo. This is done by conductingpaitingent valuatiostudyon a

representative sample of the population of Oslo.

In addition to the main objective other interesting resequestions reveal themselves. Are
the inhabitants of Oslo content with the level of street trees, or dovdn@ynore or less?

What is the reason for thisvhat are the benefits and disadvantages they experience from
street trees? Are people willing tayp(WTP) for maintenance or increase in density of street
trees?s anyone willing to pay for a decreade@es WTP depend on existing level of street
trees, does it depend on desired level or the difference between these? Is there any substitution
betweerstreet trees and other green structures? How do socioeconomic factors, individual
preferermes and attitudes explain WTR?t possible to study and value ecosystem services
spatially explicitly in an urban context? And if so can we see how WTP and #re oth
variables vary geographically®dl of these questions where investigatethe results are
presented chapters-®.

Thestudywill be put in context by presenting the current state of knowledge, defining a
knowledge gap thahis thesisaims to fill, and discussing the economic implications of the
study.There has been some research on the vélogydrees, but nonby contingent

valuation inOslo. Furthermore this study utilizes an interactive online survey format which
makes the study spatially diqit and allows us to study geographical variation in the results.
Different concerns in the design of the study made it necessary to diverge from the ideal
theoretical set up. Specifically we did not explicitly define the exact amount of the good being
valued. More about this in chapter Bhe combination of stated preference valuation made
spatially explicit within an urban context &s far as | have seennew approach in valuing

urban ecosystem services.



2.2.2 Thesis structure

Chapter 1is the summaryfahe thesisChapter 2is the introduction, which gives some
background and motivation on the subject as well as a presentation of the thesis, defining its

main research questions and setting limits to the scope of the thesis.

Chapter 3 Ecosystem servicaatroduces the subject matter, explains the history and gives
the theoretical framework.

Chapter4 Valuing ecosystem servicesxplains the theory on valuing ecosystem services,
introducing economic value and different methods for valuingvalking through the

different methods, explaining the benefits and drawbacks of each method.

Chapter 5Contingent valuation goes into detail on theontingent valuatiomethod, laying
the theoretical foundation for the empirical part of the study. | will exgiaiv to conduct a

contingent valuatiomnd relating to the study we have undertaken.

Chapter 6Literature study preseis the most relevant literatuaed places this study in a
broader research conteXthe chapter presertiteratureon ecosystem sees and/aluation
methodsn general and in an urban context and for tregmrticular | will identify a

knowledgegap thathis master thesis aims to fill.

Chapter 8Theory and methodology (study desigaXplains in detail what we have done in
our sudy, drawingthe theoretical and technical blueprint of the study.

Chapter9 Data collection and summary statisticgresents the data collection method and

presents the summary statistics.

Chapterl0 Econometric resultsis wherel analyze the data argivesestimates based on the
scientific method. We extrapolate from the sample to the population and give a presentation
of the findings.

Chapterll Discussion is where we can put the results in a broader economic framework and
discuss the study implications.l will be explicit in the limitations of the study, but all the

while draw the intended picture of the magnitude of ecosystem services that city trees produce
in Oslo city every yearand the effects city planning before and now on these values.

Chapter 12Conclusioni summary of entire study and conclusions.



3 Ecosystem services

This chapter will introduce the theory behind ecosystem services. Providing some background
and explaining why it is important to value. We will also look at the ecosysterites

produced by city trees in particular.

3.1 What is ecosystem services

The term ecosyste servicenas many definitionsThe UN Millennium Ecosystem

Assessment (MA) defines it as AnMUNEP 2006,nef it s
p.55 Economics of Ecosystems and Biodiversity (TEE®jatived e f i nes it as fith
ecosystemd i rect and i ndirect c(0oBEB,20lpluapapern t o hum
criticizing its wuse, Fi sher and Turner defin
(actively or passivelyto produce human weli e i (Figh&r & Turner, 2008, p.11p8ll of

the definitions relate to homature is of value to humans. It is an anthropocentric concept.

Following thesalefinitions | will not differentiate between goods and services, and in the
following, use ecosystem serviogben talking about both goods and services, except
otherwise stated.

Management/
Restoration

Ecosystems & Biodiversity

Judgments determinin value perception
(the use of) services and use of eco-
system services

Institutions & human W Feedback between
g

Human wellbeing

fm=—————
| Biophysical , (socio-cultural context)
|Structure ' |Function®
107 Process | | (eq slow Service
| — A
(9. vegetation water (eq. flood-
1cover or Net | E_assage, protection, (Bel:g:tgs]
| Primary 1 jomass products contribution
| Productivity 1 4| | to health, (econ) Value
1 :
— _T- -—=1 1y safety, elc) (eg. WTP for
s A R protection
or products)

*) subset of biophysical structure or
process providing the service

Adapted from Haines-Young & Potschin, 2009
and Maltby (ed.), 2009

1) One function is usually involved in the provision of several services and the use of services
usually affects the underlying biophysical structures and processes in multiple ways. Ecosystem

service assessments should take these feedback-loops into account.

Figure 3 The pathway from ecosystem structue andprocesses to humanvell-being. (TEEB, 2010



Figure3illustrates TEEBs conceptual framework for ecosystem services. It shows how

ecological structures and processes contribute to ecological functions that skswess that

are useful and of value to peopleees for examplare biophysical structures that puoe

many ecosystem servicestopeo@me such ecosystem service 1is
leaves can filter pollutants in the air, making thecaner and healthier for people to breath.

This in turn is important to our wellbeing.

One biophysical structure or function can producing many services, and one service can be
procured by many biophysical structures. Ecosystems are oftenoraplex ad
interdependent withll the different components interacting and affecting each other. The

theoretical frameworks a way of conceptualizinfpese complex process¢SEEB, 2010

3.2 Categorizing ecosystem services

Categorizing ecosystem services is notraightforward exercise. These are complex

systems, and how we choose to categorize the different services may depend on the purpose.
The Millennium Ecosystem Assessmbaascome up with atmad classification framework.
According to MAwe can divide ecostam services in four categories; fundamental life
processes, which is the basis for the three others; regulainoglucing and recreational and

knowledge serviced\s illustrated inFigure4 with examples of edccategory(UNEP, 200%

ECOSYSTEM SERVICES

Provisioning

Supporting

AESTHETIC

Figure 4 Different categories of ecosystem servicedJNEP, 2005
The supporting ecosystem services are things like photosynthesis, nutrient cycling e. This i

the foundation for the other types of ecosystem services. If there was no nutrient cycling or
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oxygen poduction, things could not grow and productiorotifer types of ecosystem services
would not be possible. Provision ecosystem services are thindedikeroduction,
freshwater,wood and other types of material goods that grow in nature. Mangsé thut

not all,havesome form of markewhere they can be traded. Howeverm® here the valuation
process is not complete, as there many market failres such acking property rights,

externalities aspects of public goods etc.

Regulatingecosystem services can be climate regulation, like cooling in in warm clir@ates.
flood regulation, through water flow regulation and runoff mitigati@ulturalecosystem

services are things like beautiful views or natural structures that are of spiritual or educational
importance. These values can be very large, but are often hard to quantify because their
importance is decided inside humans and not by sommektaetric that is easy to measure,

like the amount of water beingipfied or kilos of producegrown.

CUNSIITUENTS OF WELL-BEING
ECOSYSTEM SERVICES Security '
PERSONAL SAFETY
Provisioning SECUAE RESOURCE ACCESS
FOOD SECURITY FROM DIBASTERS
FIE S WOTH
WOOD AND FIRER
FuEL
Basic material
for good life i Freedom
ADDOUATE LVELMOO0S of cholce
Supporting Reguilating SUFFICIENT NUTIRTIOUS FOC0 and action
" CLIMATE REGULATION SELTER
» NUTRIENT CYCUNG ' - ACCE:! Go0os OPPORTUMNITY TOEE
» SO% FORMATION §y ¢ FLOCOREEMLATION e ABLE TO ACHEVE
+ PRAMARY PROCUCTION DISEASE REGULATION WHAT AN INDIVDUSL
WATER PUMINCATION A 8
_ Health VALUES DOWNG
el AND BENG
FEEUNG WELL il
Cultural ACCESS 10 CLEAN AR
ATV ANO WATER
SPARTUAL
) + EDUCANONAL
RECREATIONAL Good social relations
SOCML COMESION p 1
MUTUAL REarecCT
ADILITY TO MELP OTvERS
LIFE ON EARTH - BIODIVERSITY
Source Mélernun Ecosystom Assessment
AF COLOR ARAROW S WIDTH
for by y of o ecovyster b . a
em—ctun | wenmammwies Missing: Interaction with
Low - » Woak N ‘
i i other forms of capital

Figure 5 Different categories of ecosystem services and their interaction with constituents of human wiedling.
Original gr aph from UNEP 2005,augmented by Costanza in presentatior{Robert Costanza, 2018

In Figure5 we can see how the different ecosystemises affect different constituents of
human welbeing. The figure is originally from the MA 2005he economisRobert
Costanza has raised the criticism that the figure is missing the interaction of natural capital

with other forms of capital such as luand human capitgRobert Costanza et al., 2014

3.3 History of ecosystem services
10



The fact thahature has great value and provides us with many valuable services has been
knownsince ancient time&ut the science and sophistication on how well we studyhtigs

grown exponentially imater decades’ he idea of land and other goods produced in nature as
inputs in the economy has been around for a long, tmigs has not been enough to integrate

all the aspects of nature into the economy.

Ernst Schumachéernt r oduced the term natural capital |
ANatures serviceso by h@r etearh exthd \Rlgeiafghe ri m ( 199
worl dés ecosyst alpapitabe rbvyi cRosb earntd(1®@putuanza et al

ecosystem services on the agenda in the field of environmental economics.

The Millennium Ecosystem Assessment report in 2005 popularized the term ecosystem
services. It emphasized the importance of ecosystrvices and need take care of them. An
initiative grew out of this, The Economics of Ecosystems and Biodiversity (TEEB). Since

then research on ecosystem services has grown.

Probablythe mosfamous study, the valuation of environmental destructiom fite Exxon

Valdes oil spill in 2003vas subject to a lot of controversy and criticism. This propelled

debates and further research on contingent valuation and the valuation of ecosystem services.
The methods for doing valuation studies has become moameeld and have gained greater

academic respect. This is a rapidly growing field.

The millennium ecosystem report is still an important report étreh dhe starting point when

discussing ecosystem services. The main findings of the risghet human dons are

depl eting Earthdés natur al capital, putting s
pl anetds ecosystems to sustain future genera
same time, the assessment shows that with appropeiadasait is possible to reverse the

degradation of many ecosystem services over the next 50 years, but the changes in policy and
practice required are substantial and not currently undefWadEP, 200%

3.4 Whyis it important to value ecosystem
services T markets and market failure

Ecosystem services are not adequately accounted for in the ecdrtmyare okn

undervalued, directly or implicitly, sometimes not even accounted for dihadlleads to
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poor use of resources. Environmental degradation, biodiversity loss and climate change are all
examples of this. Thealues of most ecosystem services becerpenentially high as they

become scarcend some of the changes are irreversible. This makes valuation of ecosystem
services for environmentatqtection especially importarBy making their value apparent,

we are in a better position to make good decsimmhow to should spend the planets

resources.

The reason why ecosystem services are not adequately accounted for in the economy can be
related to markets and market failure. According to economic theory perfectly competitive
markets give an efficientlakation of scarce resourc@&his happens through the utility
maximization of consumers and profit maximization of firms. The efficient allocation is

defined to be Paretaptimal, i.eno one can be made better off without anyone else being

made worse offThis is the first welfare theorem. However there are a number of assumptions

that need to be in place for this to be true:

A. Complete set of markets with welefined property rights
B. Price taker behavior

C. Complete information

D. Zero transaction costs

Inmany@ases these criteriabs .ahee amre missingmeatketd or e c
andlack of clear property rightdNell-defined property rights are exclusive, transferable and

secure. This implies that all resources must be either private or colleatnezship, and this

ownership must be enforces. Furthermore, all benefits and cost from the use of a resource

must accrue to the owner exclusively. All property rights must be transferable from one

owner to another in a voluntary exchange, and finallgperty rights should be secure from

involuntary seizure by other people or institutiofiganley, Shogren, & White, 1997

Assigning property rights for some types of goods can however be diffi¢altan classify
goods according to weather they are rivalrous ormairous and weather use of them can
be excludabler not, sed-igure6. This classification is not complete and goods can fall in a

range between the categories, as is the case for many ecosystem services.
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Rivalrous Non-rivalrous

(alternative use) (joint use)

Excludable Private goods Toll/Club goods

(e.g. bread, shoes, automobiles etc.) (e.g. theaters, night clubs,
telephone service etc.)

Non-excludable | Commonpool resources/Common | Public goods

goods
(e.g. natonal defense, climate

(e.qg. fisheries, forests, groundwater | regulation)
basins, public park)

Figure 6 Types of goods, adad from (Ostrom & Ostrom, 1999, p.78

The problem witcommongoods is that the individual gain from use is larger than the
individual cost, which may often be zero. This can cause overuse, and in some cases the
destruction odegradatiorof a good. This wasade evident in the influential paper Tragedy
of the commons by HardifHardin, Lyons, & Edelson, 197.3Public goods are often under
provided because of incentivesftee ride Street trees can be classified as public goods.
Once a tree is grawin the city, its ecosystem services are-ngalrous (many people can

enjoythem)andnee x cl udabl e (candét practically keep

The important mechanism at play in the market failures of ecosystem services are positive and
negaive externalities. Externalities are defined in economics as the costs or benefits that
affects a party who did not choose to incur those costs or benefits. If we use street trees as an
example, the trees provide many positive externalities (and somévegtathe people

living in the city.They clean the air, manage water flow &ts.explain the concept of a

publicgoodét 6 s pr e spogitiee extennalitiesutweigh thenegative

13
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Price
MC

MSB

Quantity

Figure 7 Market distortion in the case of a positive externality adapted from (Kahn, 1998)

Letds say | planted trees on the edge of my
would plant treesintil the marginal private benefit (MPB) is equal to the marginal cost (MC),

at levelXg in Figure7. But | did not internalize all the benefits other residents had from that

tree. Then my private provision would not be efficidrite marginal social benefit (MSB)

from an additional tree would outweigh the marginal cbise socially optimal level of

provision woudl be X, when marginal social benefit (MSB) is equal to marginal cost.

We can see how we would get a under provision of street trees if it where up to private people
to plant and maintain thenfihis can justify a public provision of street trees. The imaig

costs of providing street trees are known, but finding the marginal social benefit is not. How
can the authorities know how much to provide? If there was a market for the services, the
demand curve would reflect this. But because there is no maekat,¢e it is a public good

and cannot practically exclude people from using it, we do not know the MSB. There are

ways of finding it which will be discussed in the next chapter (chap. 4).

Missingmarkets, externalities, undefined prageights and lack tinformation areall

reasons why ecosystem services often are not adequately accounted for in the eCbaomy.
mechanisms are overlappiagd influence each other so sevenalchanisms may be at place
at onceValuing ecosystem services provides us witleimation that could lead to a better

use of resources, butig not sufficient. It only provides us with information. The government
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still needs to enforce different policies to ensure better use of resources, i.e. provision of
public goods, taxes or Bsidies on externalities, enforce property rights\éétuing the
ecosystem services is a step in the right direction when it comesniding these market

failures.

Mﬂl Economic and Soclal Value of Mangroves and Shrimp Farms
40,000~
35,000 Total net present value per Ha (In USS )

Economic value:  Shrimp farm 8,340

30,000 Intact mangrove 823

Social Value: Shrimp farm 5443

25,000 Intact mangrove 35,6%
Coastline protection

144
20,0001

15,000

10,000

Net present value in USS/Ha

5,000

Fish spawning ground $1,164
/ est products =
5823

- B
2000 B Marketed ecosystems services

I onmarketed ecosystems services Shrimp farm
-10,0004

[ —

Intact mangrove

15,000~ These numbers are based on a 10% discount rate over a 20-year period and are derived from Sathirathai and Barbier 2001.

Not all ecosystem services ace included in this valuation e.g, climate regulation,

Figure 8 Comparing the economic and social value of mangrovesd shrimp farms. (Ranganathan, 2008, p.b

If thereis no market fomnecosystem service, it is nexplicitly accounted for in the
economyBut it will still be implicitly valued through alternative uses. For exampbstal
mangrovestypes of trees that grow in wa@rovide many important ecosystem servjces
such agoastline protection anaursery for many differerdpecies. Howevehereis no
marketfor these services. If someone decides to remove them to staitrgp production

site, the ecosystem services are implicitly being valued athimsshe value of the shrimp
production facilities. But it could very well be the case that the values of the mangroves are
many times higher than the shrimp productionlitées$, suchwas the case in a study from
Thailand by Sathirathai and Barbi@001), presented ifrigure8. Because there is no market,
there are no prices, and it is not clear to the governmé@rtafand or the shrimp farmers
what values they are giving up in order to sell shrimp. And importantly within the current
economic system the incentives are for the people thheuhangroves dowin order to

make money, when in fact the country as a whole are becoanergrom doing so.
(Sathirathai & Barbier, 2001
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Some people are skeptical to valuing nature in economic terihgolsenoughda state that
nature is valuabland that we should protect it? In a world with limited resources, there are
necessarily tradeoffs. Valuating in economic terms helps us measure different tradeoffs up
against each other, making it easierse our resources efficientliyrices acts a metric to
compare differentypes of goods and servic€airthermore rany decisions are made on the
basis of price signals. Economic values communicatetwelecision makerdn cost benefit
analysisecosystm services and natural capital with economic values can be included on the
samelevel as other economic valu@ateman et al., 2002This will be discussed more in

chapter 4.

It is not new that people may destfdgpletethe basis for their existee. Many civilizations
have overused their resourcEscingthem to move ogo underas societiegDiamond,
2005. The difference today is that the scale and speed of our influentune is so large.
We can do things that are irreversible. We may leave few@rrggpto our future generations

and fewer resourcegnakinglife more difficult than it needs to be here on the planet.

3.5 Urban ecosystem services

Urban ecosystems services apsystem servicegenerated within an urban ar#dith rising
urbanization and more people living in cities than outside, urban ecosystem services are
becoming increasingly important. At the same time as urban nature is becoming more
valuable- because fomore people benefitting from them and increased need for their services
as the cities grow and conderisthe pressures on the green structures grow. Competing
alternative uses, worsening conditions and rising costs of provision means green structures

have to be protected and conserved.

People in cities consume many times the area of the cities in terms of ecosystem services,
depending on transporting goods and services into the city and waste out of it. The urban
ecosystenservicesare increasingly imptart to the resilience of the city itself and the
wellbeing of its inhabitants(GOmezBaggethun & Barton, 20)3

Many of local poblems in cities are best met with local solutions. Here the urban ecosystem
services become important. At the margin many of these services can be substituted by built

infrastructure. But this may be at a high cost. The natural environment produces a lot
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services at a cost effective manner aadehmany positive externalitieshe followingquote

from (Bolund & Hunhammar, 199%xpressethis point quite strongly:

AWhen hmanity is considered a part of nature, cities themselves can be regarded as a global
network of ecosystems. If compared with true, natural ecosystems, theadarones are

however immature due to features like their rapid growth and inefficient usecofces

such as energy and water (Haughton and Hunter, 1994). Odum (1971) even observes cities to

be 6d6éonly par as i(Bolend & Hunharhniae 1999 ospher e 606 .

36 City taogystandservices

Trees in urban areas provide a range of ecosystem seiMigeg.studies have identified,
demonstrated andgied to estimate these valués.the following we will presenmost
relevantecosystem services of city trees. It is importamadtice the nature of ecosystem
services, that many services can come from one biophysical structure and one ecosystem
service can come from many biophysical structueeen if trees do not do the heavy lifting

of some ecosystem service, they are intgqométs of the ecosystem, and contribute in helping
the system faction well and other ecosystem servibesprovidedThe following

presentation of services and disservices of street trees are based on the (aperezy
Baggethun et al., 20)3

Table 1 Ecosystem services and disservices from city tre¢&6mezBaggethun & Barton, 2013

Services Disservices

Supporting (habitat for species, maintaining View blockage

biodiversity)
Allergies
Provision (food, wood)
Accidents
Regulating (climate regulation: temperature andg
water management/runoff mitigation, noise Damages to infrastructure
reduction, water and air purifieah, pollination, _ N _
erosion control and protection from climate Habitat competition (birds, rodents,
extremes, waste treatment, CO2 capture) insects etc.)

Cultural (tourism, recreation, aesthetic benefits
cognitive development, place values and social
cohesion, appreciation, spirituality)

17



3.6.1 Services

City trees producsupporting ecosystem services like beindpabitat for species Many
species depend on trees in the city foirthervival, like ingcts, animals, plants and
mushroomsCity trees are important fonaintaining biodiversity. Treescan be important
ecosystems in themselves. Especially old trees can hos a range of different species.
Furthermore they are integral partsegbsystem they ara part of. Other species might be

dependent on the presence of the trees for their survival.

Treesproduceprovision services likeood supply. Generally speaking cities only produce a

small share of the total amount of food they consume. There amvapsome food

production in cities. This supplementary food source can be significant, and make a city more
resilient in periods of criseMcGranahan et al., 2005: 810). (Barthel et al., 2010; Barthel

and Isendahl, 2013). ( Altieri et al. 1999)owingfood may in fact be significant ecosystem
service from trees in OsldMany gardens and some public trees are fruit or berry ffeasy
knowledge there are no studies estimating the values of these trees, but taking into account the

production volume angrice at any given time gives a good estimate.

Most of the ecosystem services city trees produceegrdating servicesClimate

regulation such agemperature regulation are examples of thigilurban trees moderate

local temperatures by providing humidapd shade(Bolund & Hunhammar, 1999The
temperature regulation effect may be small in Oslo because a lotaxfdhemicvalue

generated from city tree®mes from coolingities in very warm seasons, by providing
shadeThis is not a big effect in Oslo as we do not see long periods of very high temperatures.
Water flow regulation and runoff mitigation are somef the most important services trees
provide in Oslo They inteceptof rainfall by tree canopies, slowing flooding effects.
Furthermore, permeabtgoundaround trees and theibility to soakup water reduces the
chances and effects of floodin@olund & Hunhammar, 1999 his will most likely become

more important as clime change gives more extreme weather and heavy Biiritithg

drainage systems to tackle excess water, especially in the case of large rainfall/ melting of
snow etc.js expensive. The natural infrastructure handles the problem in a very cost effective

manner, as well as having many other positive effects.

There is a lot of sound in cities, and this may cause stress and harm on the inhabitants. Trees

can alleviatenoise pollutionthrough absorption, deviation, reflection and refraction of sound
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waves (Aylor, 1972; Kragh, 1981; Ishii, 1994; Fang and Ling, 2008)elt trees, for

example, the sound waves are reflected and refracted, dispersing the sound energhiarough
branches and tre¢€haparro & Terradas, 20P%Air pollution in cities can reach unhealthy
levels (Sunyer et al., 2002).reesclean the airby filtering out pollution particles through

their leaves(Nowak, 1994a; Escobedo et al., 2008)s can be especially important during
certain seasons, like thgnter season in §)o, when there is little air i@ulation and the

pollution sits like a lid over the city.rees can facilitate thepreading pollination and seed
dispersion, which is integral to the continued provision of ecosystem services. It is the way in
which plants reproduce.ifls and insects oabe important here, as well as the trees being

important when hosting them.

City trees and other vegetatiarevery effective inerosion control and protection from

climate extremes The roots of trees keep stwgether and control erosion, hindering

landslides ad can protect from climate extremes frastorms etcTrees contribute iwaste
treatment. Ecosystems filter out, retain and decompose nutrients and organic wastes for
urban effluents through dilution, assimitatiand chemical reomposition(TEEB, 2010.
Treescapture CO2 by sbring excess carbon as biomass during photosynth{@sidsey,

1992; Nowak, 1994b; Jo and McPherson, 1995; McPherson, 1998; McPherson and Simpson,
1998).The amount of CO2 stored is proportbmo the biomass of the &#g(Chaparro &

Terradas, 2009

City trees produce margultural servicesFor certain treegpurism to the trees can be
thought of as an ecosystem serviogisure, physicagxerciseimproved mental health
throughrecreation. Studies show that trees can haggchologicalbenefits through stress

reduction,and improved healtt{fKardan et al., 2015)

Peoplefind trees beautiful to watclprovidingaesthetic benefits City trees can be used for
educational purposesdcognitive development Trees can havglace values anctreate
social cohesiorthrough a sense place and emotional attachment. And peoplefeaha
generalppreciation of their existenceThe natural structures facilitating or hostegmals
that people value the existence aghting of. People may havspiritual experiences or
relationships to nature and trees in the city.

City trees als haveurban planning benefits They ceatedirection, space, perspective,

shelter, blockage, isolatiomtc. Many of these are combinations of different services. Natural
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structures and trees in particular play an important role in urban planning, witbpesific
uses andbenefits These are well known, but not accounted for economically, partly because

value is so context specific.

3.6.2 Disservices

There are of course disservices associated with trees in théloitge also have to be
accountedor when vduing ecosystem servicebrees can grow tall and take up a lot of space
leading toview blockage Views are something people value highly, and an unwanted
blockage of that view by for example a tree can be thought of as a dissBonoe people are
allergic to certain types of pollen from certain treAscidentsand damages to

infrastructure like trees or branches can fall and harm people or property (wires). Roots can
grow and break concrete or pipes or other infrastructie®s can also lead habitat
competition from hirds, rodents and insectisatmight be of trouble to peoplé&nimals can
spreadlisease, lavee x ¢ r e mmanmmaging in garbage et we want a whole picture of

the value of city trees we must weigh the services against the dissef@omezBaggethun

& Barton, 2013
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4 Valuing Ecosystem Services

In this chapter Will briefly justify why | have chosen an ecomic valuation approach. Then
explain the concept of economic value. Then look at the yrefastimating economic value

and lastly preserihe differenteconomicvaluation methodologies.

Sound appraisal is at the heart of good policymaking, and rolalisatvon of impacts in
monetary terms help decision makers to take
possible in practice to value all impacts, but we should aim to extend valuation to as many as
we can. Valuation is implicit in most policy deoiss, and it is preferable to make it explicit

where possible to improve quality and transparency, whatever objections some may have.
(Bateman et al., 2002

The main reference for this chapter is tlo®k Economic Valuation with Stated Preference

Techniques- A Manual, by Bateman et al.(Bateman et al., 2002

4.1 What do we mean by value

Value is defined as the relative worth, merit or importance of somethhgt we mean by
value is not universally understood. There are many different typedusEfsMVhen talking
about natural capital we can measumphysical, sociecultural, health, justicandinsurance
values Furthermore people have different sets of beliefs or moral valudgldéihem to

place different values on things. How they meagshbe worth, merit or importance of
something varies substantially across individuals, cultures andwimat is contained in

these values and how we measure them vary substariiiatiifow do we compare them?
Economic theory provides us with a framelwitwr reconcile all these different types of values.
This will be explained in the following. However, many people are highly skeptical towards

using economic valuation on natutrevould like to address this skepticism at the outset.

4.1.1 Economists, markets, prices and valuation

When talking about valuation of ecosystem services, it might balidsekemind ourselves of
a couple of distinctions. People get a lot of associations when they hear economics, values
and prices which in turn give them emotionalaetions. These emotional reactions might

inhibit a factual debate about the case at hand. Economics is not the same as markets. In
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economicsve care about things traded in markets, but also all the things that are not traded in
marketslt is true that ecoomists like markets, but we like marketeen theyare efficient. It
IS more precise to say that Vikee efficiency. Many things areot and should not be traded in
markets. And markets do notadys function properly, somethirgconomiss are painfully
avareofcont r ar y t obelefs.Yajuatipnasmpt the sarde as privatizatan
commodification Valuing something does not necessarily mearwish for it to be traded in
markets Expressing values in monetary terms is not the sarpattng aprice tag on it in

the sense that we want to sell it in a market or exchange it for somethiniglefstay terms
can be used asmetric, just as feet or inches, to compare the relative wosht or
importance of somethingrurthermore, pces do noteflect theimportance of a good to
society.The famous ihmonds and water paradisxa great example of thilustrating the
apparent contradiction that water whicleigstential to a society has a lower price than
diamonds, which are not as usefutenms of survivalMarket gices are so that demand and

supplyis equal.

4.1.2 Anthropocentric vs intrinsic value

A lot of criticism is directed at the fact that economic valuation is an anthropocentric

valuation approactHowever his does not mean that we piare about ourselves. A lot of

people care about other things than people, like plants and animals, so they do get accounted
for in the economic value scheme. But even if we only do care about ourselves, many of these
things will be value because of these to us. And this is@ntentiousubject. The idea that

things only have an instrumental value, thathey are only valuable through their use to us.
Many argue that things have intrinsic value, independently of us. This may well be the case,
depanding on what definition you have for value. The philosophical discussion surrounding

this is beyond the scope of this thesis.

4.1.3 Limited resources, necessary tradeoffs

I will limit myself to say that | choose to take a pragmatic approach in this matter.
Remgnizing that the wrld is one of finite resourceand thereformecessarilyhereare
tradeoffs. How we act on the planet should therefore be guided with the most amount of
information in order to make the best decisions. The current way of valaiog, or should

| say lack of valuation of nature, has led to huge environmdatabhdationl argue that the
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question is not whether or not economic valuation is perfect, it is clearly noth@therit is
better to implement it than not. | would arguatttve should explore the potential and use its
insightsin policy. It has already been proven that there is a lot of improvemeatdorte in

our current valuatioof nature.

4.1.4 Economic growth

Valuing ecosysterservicegnake values apparent. If we destreglegical structures and
deteriorate ecosystem servitbat are of higher value than what we gain in returithe

pursuit of economic growth, we need a better account of economic values. The values being
forgone should be part of the considerationsake into account when making decisions.

This ties closely to the debate about the carrying capacity of the planet and zero economic
growth arguments. It is not necessarily so that economvetigrill lead to more

environmental destruction. This has higtally been the case and it is easy to make argument
that the worlccannottake more environmental damage, and therefore we must stop economic
growth. I would argue that this is a consequence of poor terminaludfprtaxonomy When

we do not have a conmgie accounting of the values of the world, including ecosystem
services, economic growth may be used falsely. The type of economic growth that is
unsustainable, that reduces the planets ability to produce value in the future, should not be
calledeconomiagrowth in the first place.

This does not mean that we have to have a compbetuntof all thew o r |valued It is

possible to have an incomplete account and still decouple economic growth from
environmental destructicim achieve gstainable economigrowth. But valuing ecosystem

services is an effective tool in this endeavor. By making the values clear an integrating it into
our economic decision making, the outcomes will be more environmentally friendly and
hopefully lead to a sustainable futukowever it is mportant toemphasizeéhat economic

valuation is not perfect, and has to be viewed as a supplement to ecological, ethical and social

scientific arguments.

4.1.5 Making value of ecosystem services apparent
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Figure 9: The value can be made apparent in different way$Based onBrink (2008) and TEEB (2010).

The valueof ecosystem services can@de apparent in different way&/e can make their
value evident through qualitative methods, emphasizing ecosystem servicesuespect
importance in different areas and situations. One can go a step further in quantifying the
services provided, like volumes of water cleaned or air filtered etc. Finally on could put a
monetary value on these services through economic valu&herdiferent expressions of
value can be ranked dlustrated inFigure9. Because so many decisions are influenced by
price signals, it may be good to have more economic valuation of ecosystem services.
Furthermore economic values comnicate well, and make sure that the ecosystems are well

accounted for in economic analyses.

4.1.6 Required accuracy

Capturing value R

b Priority-
landusas, measures,
projects)

Figure 10: The required accuracy of the valuation depends on the area of ug@®arton, Lindhjem, Magnussen, &
Holen, 2013
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The required level of accuracy of the valuation depends on the area bfaraé&igure10we

see that in order to recognize the value of
valuation. The accuracy need rises as we do accounting, do prioritizing and finally develop
policies.This is also the recommendation of the Millennium Ecosy#tesessment report.

We should recognize, demonstrate aallieecosystem services in order to have them better
accounted for in the econoniy NEP, 200%

4.2 Explaining economic value

Economic value is one way to define and measure viliseuseful for the purpose of

making choices that involve tradeoffs in allocating resousesording toneoclassical
economigdheoryv al ue i s a reflection of individual sbo
defined according to how much an individual is willing to givearnbe compensated fasf

something else he values in order to get it.

In this frameworkliere is no absota measure of value; there are only equivalences of value
between one thing and anoth€&his substitutability between goodwanghat any change in

the quantity or quality can be directly offset by another type of good so that the consumer is
indifferentbetween two situation§Ve can utilize this when valuing ecosystem services by

calculating trade off ratios between goods that are not traded in markets.

In neoclassical economic theory it is assumed that all consumers are rational and sovereign.
Meaningthey know what they want and they are the best agents to make decisions about their
own welfare. It is assumed that they are consistent and utility maximizing in their preferences

for goods and services.

25



X2

1A 1B

Figure 11 Indifference curves between two goods
Utility is often presented as indifference curves as shovaigurell An agent with utility

as expressed by the indifference curves in the figure is just as happy in situation A as with
situation B. S/k is indifferent between consuming gx X1 4) and(X2,s, X1 8). But she would

prefer any point on the |Iine |1 6& over any poi

Economic theory provides us with a framework for comparing all different things. We can

classify things as costr benefits according to their effect on our utility. Utility is a concept

that entails all our preferenceditility is a measure of preferences over some set of goods and
servicesSo that we know if we are better or worse off by something dependinpethey it

gives us higher or lower wutility. The utilit
preferences, beliefs or goals. The contents
dependent on the preferences of that person. Now, where ppogfla®nces come from is a

separate debate and beyond the scope of thistResim pl eds util ity is rev

willingness to pay for something.

| mportant assumptions about peoplebs utility
1 Reflexivity (each level of a gabis as least as goad itself)
1 Completeness (can always rank any two levels of good)

1 Transitivity (f A>B and B>C then A>C)
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1 Continuity(no level is absolutely necessary, quantity or quality can always be traded

off at the margin)

The maximization problem the consumers facthe how to maximize their utility given their
resource constraints, that is the available resouraégmo such as income and wealth, and

can be represented in the following way.
Max U(X) s.t. PX<=M

Benefits and costs adefinedin terms of individua@ pr ef er ences. An i ndi\
benefit whenever he receives something in return fitchahe is willing to give up something

else he values. To measure how large that benefit is, we measure how much he is willing to

give up to get it. Converselgn individual incurs a cost whenever she gives up sometifag

she would willingly give up only if she was given something else that she valued as

compensation. To measure how large that cost is, we measure how much would compensate

her for incurring it(Bateman et al., 2002

There is no absolute measure of value, there are only equivalences of value between one thing
and another. Money can be used as a standard of measurement. It fulfills the desired qualities
of a standard of measure. It is a ddbat everybody prefers more of rather than less, it is

treated as a potential substitute for the array of benefits and costs we want to measure and it is

finely divisible.

When we have a functioning market for a good we know the price of it. Consuseersmly

to decide if their willingness to pay (WTP) for it is higher than the price. If so he should buy
it. The WTP is a measure of how much goed is worth to him/her. Bxpresses its value to
him/her or low muchs/hevalues it. There is the conversencept of willing to accept

(WTA), which is how much would you be willing to get in order to give up a good you
already haveHow much would you sell fior? That is also a measure of the value of the good

to a person

WTP and WA are useful concepts wh we are dealing with goods and services where we
do not have functioning markets. Economic theorywaelfiare economicprovides us with a
way of calculating the value for these goods and serwéescan studyltanges in

welfardutility to find themaminal value.There are several different techniques for doing this,

each one will be presented in the following.
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Figure 12Demand cur ve, illustrating cunsumer6s surplus and toat

Figurel2illustrates a typical demand curve for a private good, where the horizontal axis

measures quantity and the vertical axis measures phieedemand curve reflects, for each

quantity purchased, how much that individual iflimg to pay for the last (or marginal) unit.

If a good costs p, then he will buy x units. But his total WTP is larger than this expenditure on

the good. For a smaller quantity of the good, he was willing to pay a higher pgrectotal

WTP for a quantityx is the entire area underneath the demand curve up to the quantity in

question. Theotal WTP is larger than the total expenditure. The difference between the WTP

and total expenditure is the consumerds surp

receives form purchasing the quantity x of the good at the price p.

Total WTP = Market price + Consumerds surplu
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Figure 13 Indifference curves between expenditure on private goods and a public goddlustrating WTP and WTA

U@Q%Y9)=U(@Q,Y"H=U(@Q,YHY=U (Q,Y+WTA) = U (Q",Y-WTP)

Figure1l3represents the preferences of an individual, wherbadheontal axis measures

guantity of a public good and the vertical axis measuresnelpiees on private goodg/e

can explain the concepts of WTP and WTA by using indifference curves. The indifference
curve | 6 reflects combinations of private go
equally. That is to say, he is indifferent beem consuming ¢xy:1) and (%,Yo). Each

indi fference curve can be thought of as <corr

higher than I.

There are several ways of measuring the value of a change in the quantity of a public good.

First, considermaincrease fronxg to x;. Suppose initially the individual is at the point A. The

increase in public good would raise his wellbeing and bring him to point B. How much would

he be willing to pay for the increase in public good? If we move along the | tameA to

C, the individuals at the same welfare level ands x amount of public good, but less

private goods. The distance BC il |l ublitrates t

good, because this is what he has to pay in order to getitoGhec ur ve, or hi gher
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Considering th@pposite casdahe individual starts out in B and faces a decrease in the public
good from x to xo. How muchwould he have to be compensated for going frartoxx, and

still be at the same utility leleHis WTA a decrease in public good fromto xyis equato

DA. We can observe that the WTA is larger than the WTP: DA>BC. This is the always the
case when indifference curves are convex to the oaigihthe public good is normal TP

should be used vem considering benefits, while WTA should be used when considering

costs.

4.2.1 Total economic value

WTP or WTA are measures for individual® find the total economic value we have to
aggregate across individuals and over timehe motivation underlying th&/ TP/WTA

affects the aggregation process. TEV is net sum of relevant WTP and WTA.

The total economic value of ecosystem services to humans can be divided in several
subgroups, seleigurel4. Firstly we have the use value, fromedit use either consumption or
experience, or indirect use. Option value can also be regarded as a form of use value, since it
relates to possibility of future use. We derive a value from the fact that we have the option of
use in the future. Nenose valuean be divided into existencéequestand altruistic value.

These relate to the value we have from knowing something exists, to having it exist for future

generations and for the use of others.
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Figure 14: Logical framework to represent otal economic valueSource:(Ltd, 2010) adapted from (TEEB, 2010

4.3 Estimating economic value

When goods are traded in markets their value is apparent through their prices. When a good
or service is not traded directly in a markbgre arewo ways of uncoverings value.
Studying how itmfluences other/related markets (revealed preference techniques). Asking

people what economic value they place on the good or service (stated preference techniques).

There are several ways of estimating economic value. We can divide the metfinagls in
cakgories markets, pgvention and replacement cqostsvealed preferences (travel time,
hedonic pricing)statedpreferencegcontingent valuation, choice experimerdasp benefits
transfer They all are valid methods, but differ in when they are used, twegimesure anith
their benefits and shortcomings. In the following | will present the valuationodstand
explain how they workThe contingent valuatiomethod, wich is the method used in the

valuation ofstreettrees in this master thesis will besdissed in more detail in chapter 6
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Figure 15 Total economic value and valuation techniquegBateman et al., 2002

The different valuation methods differ in the type of markets they use (a@agdllet and

hypothetcal markets), their approach (market based, revealsd stated preferences), and

the type of value they measure (use value anduservalue)Figurel5illustrates how they

are relatedStated preferences method is highlight&lllthe methods point to benefits

transfer, which is the practice of using the results from one study and adjusting/correcting

them in order to be used in another area/setting. This éssay, because we will nodve to

value all ecosystem servicesall situationsat all times but take the insights/knowledge

discovered in one study and apply it in other situations.
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Figure 16 Total economic value and valuation techniqueslranslated from (Magnussen, Lillehammer, Helland, &
Gausen, 210

As illustrated inFigure16 the different valuation methods differ in what they measure.

Market values measure the direct use values of goods traded in mRr&eision or

replacement costnd revealed pferences can also uncover indirect use vdlbe.benefit in

using stated preference valuation is that we aretaldstimate also nense valuesHowever

the type of method we use and the amount of values they are able to uncover is also related to

its accuracy. There is a lot of debate over the validity and robustness of valuation methods.

4.3.1 Market based valuation i provision and replacement
costs

The primary way we estimate economic value is based on prices that arise in rirarkets.
goods that are traden makets this is the obvious choice of valuation method. From the
prices in a market we can estimate a dentamde.The area below the demand curve

represents tha g e rdoriomic valuation of the good.

Fromthe costs of provision we can stipulatsugpply curve. The area above the cost of
provision and below the demand curve isttital economic value from the good in this
market. This is because we have to subtract to costs it took to provide the good. TEV can be

divided into consumer surplus, C&yd producer surplus, PS or proftieeFigurel7.
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Figure 17 Consumer, producer surplus and total economic value

Provision/replacement costs

However there are a range of goods and services that draded in markets. This includes

the majority of ecosystem servic&mr some ecosystem servidgesnaystill be possible to

use markets to estimate value. This isubkeof costs related to prevention or replacement

costs from loss of an ecosystem sezvf¥ aluate the costs and prices of policies and other
actions that affect the provision or quality of an environmental geodgxample if a nation
decides to preserve a forest, make it illegal to cut down trees for timber etc., then the value of
this forest is at least the cost of preservation. If the value was less than the cost, we would not

do it, according to economic theory.

Or one could use replacement costs, if a city decided to cover its city with pavement, what is
the cost of having to provideewater managemeservice that the naturbhbitatused to do

for free? They would have to buidater mitigation systenetc.in order to handle the excess

water. The cost of these systems that aim to replace the lost ecosystem service can be used as

an estimate of the economic value of that ecosystem service.

This approach only takes into account the value from direciThese methods do not
provide true welfare measures as they are based on the costs, and do not reflect the true value

of the benets from the good in question.
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4.3.2 Revealed preferences

Revealed preferences anethod where one uses parallel markets to estimate economic
value.One couldsay peopleevealtheir preferencefor a goodhrough choices in markets

that are connect to the goodquestionThis approached is used when there is no direct
market to estimate value fromhis approach takes into account the value from direct use and

indirect use.

Travel time valuation

Travel time valuation is when you estimate the price of theititoek to get to the

ecosystem service or good, and use this as an estimate for the value of the good. For example
lots of people traveo the Grand Canyon, spenditigie and resourcegetting there in order

to see it. According to economic theory, thidity they get from seeing it is higher than the

time cost from travelling there to do so, otherwise they would not have done it.

Hedonic pricing

Hedonic pricing is a method is where you use a parallel market, often the housing or labor
market, to estinta the value of a good connected to that market. For example parks are nice,
and on might think people value living next to parks. Then this valuation will appear in the
property price of housing close to parks. This is done throngic@nometric exercisghere

you control for all other factors affecting housing prices, and the remanding effect is the effect

of the park on the housing price, and therefore peoples valuation of the park.

4.3.3 Stated preferences

Stated preferences is an approach where you askepeop much thgvalue a good. They

state their preferenc&he main benefit from this approach is that it can estimate value of
goods ad services that are not traded in markets, and where it is not possible or difficult to do
arevealedpreference studyrurthermore, in addition to estimating use value, the method also
measures nease value, something all the methods above fail tdt dimes so by creating
hypothetical marketd his meansve have a lot more control of the styudyd can desig to

our needs and purpose.
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Contingent Valuation

Contingent valuatiois a form of questionnaire where respondents are asked to say what they
would be willing to pay, WTP, for a good given a certain situation. Or equivocally what they
would be willing to accept, WA, to forgo a good they are currently receiving or to undertake

a disutility.

In the simplest case the contingent valuation method involves a single good, and the
respondents are asked to state their maximum WTP or minimum WTA for a change in the
good. f respondents answer truthfully (dependent on their ability and their biases), their
answers will correspond to the utility change, i.e. the valikeothange in the good to them.
This is a god method for estimatingalue of environmental goods.

This method has received a lot of criticism becaitigeresults are based on what people say
rather than what they d@his is a problem because it is an unfamiliar task, and people might
not be able to elicit their true WTP/WTA. Furthermore people could haeatives to lie

about their true WTP, this is been discussed in the literature, and surveys are designed in
order to be incentive compatible, that is they are not incentivized fthieee is the potential

for biases, buthere are alsways to reduce time. This method will be discussed further in

chapter 5

Choice Modeling

Choice modeling is a valuation method where respondents are given a series of choice sets. In
each set, they have to choose between different scenarios. The scenarios are different in
attributes relating to the good in question (quality, amount et.) and a price. They are forced to
make tradeoffs, and through their choices they reveal their preferences. The choice
experiments are designed in a way to get the most information from tloadesis about

their valuation of the good in questidrhe choices aranalyzedn order to construct a WTP,

and from this we can estimate an economic value.

Another benefit of the choice experiment is that the hypothetical effect that stated preference
studies are criticized for is equal for all the estimates, so that no one estimate is biased in
relation to another. That is why we get a good sense of the ranking of different attributes of
the good from a CE.
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4.3.4 Benefits transfer

There is a final category thes used very often called benefits transfer. This is a method

where you transfer values estimalgdthe othestudiesfrom other places, correcting for
differences, and apply them to your valuation objecfives is a cost effective method when

one dos not have the opportunity to conduct a study in the area of interest and when there are
available studies that can be adjusted to make an estimate for the case at hand.
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5 Contingent valuation methodology

In this chapter | will present the theory behind ¢batingent valuation studywill also
briefly explain why we chose this method and how our study deviates from the classical set

up of a contingent valuation study

5.1 Choice of methodology

It was rot only the focu®f this studyto valueecosystem serviedut alsoto try to usea

valuationmethod inanurban context to see if it workedaluing urban ecosystem services is
chall enging because offthe turtbae endironmegnhwiti mang i t y con
overlapping and competing ecosystem servicesedlsaw other concerns asmall

geographical ared&urthermore, & wanted to study urban ecosystem services spatially

explicit. We usedanonline survey with interactive maps that linked answers to geographical

locations.

The right type of valuation stydiepends on what you would like to value and for what

purpose. Valuation studies in urban areas are more demanding because of higher requirements
of special resolution, and multiple scales of analysis in sampling particular assets at specific
locations wihin heterogeneous urban landscapes. There are many considerations one has to
take into accounfThe scale, special resolution and reliability and accuracy requirement of the

studycan be illustrated in a 3D model, dagure18.
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Figure 18 Economic valuation of ecosystem services in different urban planning contexcale, resolution and
accuracy and reliability. (GomezBaggethun and Barton 2013)

In the OpenNESS Oslo case studgre hadilreadybeendore a metastudy,a benefits
transferstudyand a hedonic pricing study. Time travel cost did not work well bectigse

hard to isolate the effect of ecosystem services on movement because of overlapping travel
purposesWe considereg@hoice experimenamethod thatvorked well in a hypothetical
situation, but not so well when ageographical explicstudywhere the situation varied for

all the respondents.

One of the main tradeoffs we had to decide on, and which turned up again and again in all the
different study ideas was between usirtg/pothetical generic place versus a spatially

explicit valuation study. A hypothetical generic place is easier to design a study for,

however, we do not get context specific estimates, and we are not able to atiady sp

variation. How does the valuation change in different parts of the city? This is an interesting
and important part of the ecosystem services valuation field, and one we wished to explore in

this study.

Thecontingent valuatiomethodis way of valung environmental goods directly. So we
wanted to use this to measyree o pvaleatios of street trees in their own street.

Furthermore, street trees are publicly provided and financed through taxes. This makes it easy
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to create a CV hypothetical scenathat is both understandable and believable by making it

close to the real world situation.

5.2 Steps and components of a CV study

The main reference for this subchaptehisbook Economic Valuation with Stated

Preference Technique®\ Manual, by Bateman etl. (Bateman et al., 2002

The contingent valuation meth@ldeeply rooted in welfare economitssed on the
neoclassical concept of economic value urideframework of individual utility
maximization.The objective is tolataina monetary (Htksian) measure of welfare associated

with discrete change in provision of an environmental détmj/os & Mariel, 2010

The method involves asking people directly how much they would be willing toopay f

certain amount or quality afspecific good or servicey willing to accept to forgo ifThe

valuation is contingent on a hypothetical scenario, which allows us to study goods and
services that are not traded in markéisking many people this iggctically done through

theuse of a survey. There are many ways to design and carry out surveys, including personal
or telephone interviews, mail surveys or online vgebveys as we did in this studi/hen
conducting a CV study one has to follow a nunfesteps and include certain components to

create useful and valid results.
Hypothetical market

The way to obtain value estimates is by getting responderdsdal their preferences in a
hypothetical marketConstructing a hypothetical market that ishbbelievable and
comprehensible to the respondents is crucial to this end€2mostruct a scenario which
close to real world situatios a good strategy to achieve this

In the hypothetical market one needdefined good, defined change in theogd to be value
and a payment vehicl&éhe hypothetical market is constructed so that thereiiget dink

between the answer and a decision about an environmental change to be valued.

The hypothetical markets should includesason for paymentnakingit clear for what and

why the respondents are asked to express a willingness to pay. The way the express this is
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through a @ vehicle.Furthermore the hypothetical market should inclugeoaision wle.

This is a nechanisnfor howthegoodis providal as function of stated value.
Defining target population and dtaining data

When valuing an ecosystem service one has to identify the target population. If one wants to
capture he entire value of good, the population can become qléigye;it is all thepeople

that enjoyit. As discussed in the previous chapter the values of something is not only that

from direct use. People that never use the good may also value its existence or want it to exist
for futuregenerationssuch is often the case for endargespeciesdowever for practical

purposes it is sometimes useful to limit a study to the most relevant population. It can be
costly and difficult to ask every member of the population about their valuation of the good in
guestion. Obtaining a representatsample from the population to conduct the study, and

then use statistical methods to extrapolate from that sample is a cheaper apchotma

approach.

There are different ways of obtaining a repraative sample. For the purpose of this study
ard as a part of the OpenNESS Oslo projectpwehased a geographically representative
sample of the inhabitants of Oslo, based on a randomized panehiatatacollection
agencyNorstat.The population was defined to the inhabitants of Oslo. Theyddrd@ only

ones that enjoy the ecosystem services provided by street trees. There are of course other
people that value them as well, tourists etc. But for practical purposes of the study and
because the inhabitants of Oslo are the ones that pay fardbetsees over the

municipalitiesd budget, we wanted to esti mat
Estimate WTP

The contingent valuation is designed to get respondents to elicit their WTP for the good in
question. The e s p o mapleesare then subject teconometri@nalysis to estimate mean
WTP and study how different factors affect the estimated value.

Carry out validity checks

An important part of designing a CV study &rying out validity checksA CV is dependent
on the quality of the replies the respondents.ghred there are many reasons why the replies
might be biased. One of the main critiques of CV method isdbksilpebias due to strategic
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behavior. AlthoughCV has proven to bless prone to sttagic bias than first suspected.

Other possible biases inde:

Anchoring/starting point bias
Vehicle bias

Mental account/scope bias
Embedding

Major differences WTRNTA.
Information bias

oA WNE

However, here are ways to minimize the potential for these, and ways to test for the existence
of such biases.

Aggregate data

Finally the results are aggregated to get estimates that represent the population of interest.
This is done by converting the estimated mean bids to population aggregates. It is also normal
to utilize derived bids and bid functions for benefit transfethabthe results from one study

can be usediother locations and settings.

5.3 Main deviation from method/criticism

Contingent valuation is a direct valuation method that has been used extensively for valuing
environmental goods. However, as the followingtg emphasizes, the quality of the results

from the study depends largely on the design and execution of the study.

AThe principal c¢challenge facing the designer
sufficiently understandable, plausible and meaningfuéspondents so that they can and will
give valid and reliable values despite their lack of experience with one or more of the scenario

di mensi onso (Mitchell and Carson, 1989, p.

In the process of designing a CV survey we made the decisions thasléanot obtain a
theoretically precise measure of the WTP for a certain amount of ecosystem services or
natural structures (street trees). Rather the survey gives an indication of preferences for street
tree density and documentation of existence oPWWhich in turn is useful for the

municipality for policy.
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When designing the study we had to make different choices. We construct a CV that did not
specify status quo in absolute quantity. The problem was that the status quo change over time
in street tee density is individual to each respondent. It is an unobserved variable and one of

many reasons why the error term in the WTP is so big.

In the CV study w describe a future with population growth and rising pressure on street
trees. And clairadthatmunicipality needed more funds in order to maintain or increase the
street tree densitgvel. We did not specifying what the level street trees would be in each
respondents street if they did not pay, only indicating that it would be lower than thd curren

situation.

Alternative ways of Advantages Drawbacks

describing status quo

scenario

The one we usedNot Easy to understand and Amount of ecosystem
specified what situation believe. Didnot require service/natural

would be, only that street tre respondent specific structure/environmental goo
density would go down information. to be valued is not specified

unless people payed a highe

tax.

Asked respondents to Gives a specified status quc Possibly hard to understand
imagine that the trend in alternative to calculate and believe for respondents
status quo in their street amount of good being Will vary how suitable the
would be a certain-x valued. scenario would be to each
percentage for thenéire respondent.

sample.

Ask each respondent to Gives a specific amount to k Maybe hard for people to
suggest how @y street valued for each respondent give account of thigrend.

trees there was x years ago based on their reporting on Maybe hard to believe trend

and assume that this trend the change in their street.  will continue because of

was correct and would specifics that led to change.
Could be that street tree
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continue. levels have risen in previous

period.

Measurecchange in street  Gives a specific amount to k Very costly to obtain these

trees f or e a cvaluedforeachrespondent estimates. Maybe hard to

street and provided this based on objective measure believe trend will continue
respondent specific on the change in their street because of specifics that lec
information. to change. Couldéthat

street tree levels have risen

previous period.

The good to be valued in the contingent valuation survey was density of street trees in the
respondents own stre@the current situation was not the same for all respondEings.

change in the gabwas not the same for all the respondents. First of all there was a division
between the respondents that wanted to maintain the level of street trees and the ones that
wanted to increase them. Furthermore theeli@es scenario did not specify preciselijat the
amount of street trees would be in their street if they did not pay, only that there would be

less The following was the scenario WTP questions as described in the survey:

AThere wil/l be increasing pr es gnowtebuiddimg, publ i c
traffic, parking, salting of roads and pollution. The need for maintenance and planting of new

street trees will increase if one wants to maintain the current density of street trees.

( é Are you willing to pay an increase in municipgliaxes specifically for

maintenance/increase of street trees in your street the next 15 years?

( € Dook at the amounts that are listed under. Click the amount that reflects the maximum
amount your household would be willing to pay per year the next 15 fgea
mai ntenance/ i ncrease ©%cemartoan &VTP quast®re sansiated y ou r

from CV survey

We did not define a scenario of what the level of street trees would be if they did not pay, we
only described a scenario where there wdnddess. It was up to respondent to imagine what

this would be. We chose this approach because we had no basis for saying what scenario
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would be in the individual streets and we wanted to make it as believable as possible,
allowing each respondent to aresvaccording to their own belief. There is the problem of not
knowing exact amount of street trees they are reporting WTP for. We could think of it as
anything from all the trees to just the marginal level change.

Noyaktig hvordan synes du Oslo Kommune ber finansiere ekte kostnader med vedlikehold og planting av gatetrasr?
En gkning i kommune-skatt sremerket gatetraer

En ny bymiljg-avgift per husstand eremerket gatetraer

Omprioritere fra andre kommunale oppgaver, nemlig: |:|

En skning | dagens renovasjonsavgift per husstand sremerket gatetrasr

Andre finansieringsmater [ |

Figure 19 How should Oslo municipality finance the rising costs of street trees?

A payment vehicle was not defined in the CV question explicitly, but the respondents were
asked how they thought Oslo municipality should finance the rising costs of street trees. It is
interesting to see what respondents think is the best, although we were not able to study the

effect of different payment vehiclen WTP.

5.4  History

Contingent valwuation surveys wher estihater st use
the value of wilderass areas to hunters and tourists. 0$e0fCV methodroseas a means

of valuing damages to environmental resources. The most famous of these cases was the

Exxon Valdez lawsuits. This case made CV famous but also subject to a lot of controversy.

Critiques questioned the validity and reliability of the estimates the method produced.

In wake of use of CVM in ExxoNaldezoil spill, NOAA convened a bluebbon panel,

chaired by two Nobel laureates, to assess the meiiedconclusion of the panel was that:

ACV studies can produce estimates reliable e
process of damage assess meni8FedarahRefistedoO,Nn g | o0s't
January 15, 1993)
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Since then the number of CV studies has risen. It is ins@ény countries and for many

different purposes such peoject appraisal and policy analysis
In thea paper on the subjedtioyos & Mariel, 2019 divide the CVhistory in three periods:

1. 19431989 Origins up to Exxon Valdes case. Alternative to revealed preference

methods such as TC

2. 19891992. Extensive debate followingkkon Valdez oil spill. Further research on
theory and empirics on SP and amarket valuation techniques.

3. 1992 onwardsCV consdidated as method. Accepted academically and politically.

5.5 Advantages and drawbacks of CV

Table 2 Advantages,criticism and potential biases in contingent valuation metho@Bateman et al., 2002)

Advantages CV Criticism Potential biases

WTP/WTA theoretical Fail to takeseriousbecausaorn Information bias

correct monetary measure g binding Operational bias

utility change Design bias (starting point
Do not understand what being valu| bias, vehicle bias)

CVM used for Noruse _ _ Hypothetical bias

values Strategically manipulate process by sirategic bias

distorting true WTP

Ex ante and ex post
Respondets give answers

inconsistent w/ econ theory

There are many advantages to the CV method. The WTP/WTA are theoretically correct
monetary masures ofitility change. CV can be used to value 1ue value of things.
Because CV constructs hypothetical situations it is not limited by practical conoems.

example is that one can study past, present or future valuation scenarios.

One criticismof the method is that the CV can fail to be taken seriously since itis non
binding. Other criticisms are concerned with the cognitive task of answering hypothetical
choices. Respondent may not understand what is being valued or be able to answer what they

really would do in the situation in question. A third group of criticisms have to do with
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possibility of respondent not giving their true WTP because they are acting strategically to
manipulating the process. Others have pointed out cases where CV gywarsathat are

inconsistent with economic theory.

These criticisms can lead to a range of potential biases in the estimated WTP. Information
bias comes from the fact that respondents answer can be affected by the information that is
provided to them. Theesign of thequestionnairean alsaffectthe results, such as starting
point bias or paymentehiclebias.The hypothetical bias is the bias that comes from the fact
that it is a hypothetical situation. And finally there could be strategical bias fsponédents

lying in order to influence the estimate in one way or another.

There are some ways taviestigate reliability and validity of CVM.

- Dedgn to test for biases

- Analyze whether bid well behaved framecoromic stand point. Estimate valuation
function

- Replicate study

- Compare CVM results to other valuation methods

Following the Exxon Valdez case, a NOAA blue ribbon panel, including Solow and Arrow,
revised all theoretical and empirical works on CV and compromised guidelines for conducting

CV studiesTable3 lists these guidelines and the measures taken in this study to follow them.

Table 3 General guidelines given by the NOAA panel and measures taken in the study.

Guideline Measure taken in study

Sample frondatacollection agencyNorstat. Soft
quota on districts to get geographically
representative. Reflects the population relativel
well, except for immigrants which are
underr@resented.

Probability sampling from the
entire affected population

A number of strategiesereundergone to

Minimize nonrespondents L
minimize nonRrespondents.

The resources available and the technical featu
of the survey did not allow for personal

Personal interview interviews. But fit rather well with aonline-

survey.
Careful pretesting for The survey was tested both in focus groups, pil
interviewer effects study and by researchers and the people at No
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Clear reporting, of defined
population, sampling method,
nonresponse rate and
compositionwording of
guestionnaire and
communications

Defined population inhabitants of Oglo
important choice between aggregating for only
reported WTP or all sample! Sampling method
done by NorstaiNornresponse rate almost 50%.
Nonresponses, different than restsample?
Composition. Subsamples (true zero, post WTH
protests, inconsistent, arbitrary amount, donatic
and tree densitynotive. Wording of
questionaire. Wording of communications.

Careful pretesting of CV
guestionnaire

The survey was tested bothpilot study and by
researchers and the people at Norstat.

Conservative design. By this
they mean that one should
generally prefer options that
tend to underestimate, rather
than overestimate WTP

We only aggregate to over share of population
share okample that reported WTP. It is very
likely that the rest of the population values stret
trees, but we do not assume this.

WTP format instead of WTA

WTP

Referendum format

Referendum in form that only important to study
whetherit is important to inhaibants, what
amount they wantral unveil a WTP. How many
of them. If most people have WTP. And
conservative estimate higher than cost of policy
is OK. Because municipalidy self-costprinciple.

Accurate description of
program of policy

Policy is just anncreasean the existing policy

Pretesting photographs to be
used

No photo for CV. Pilot, researchers and Norsta

Reminder of undamaged
substitute commodities

Asked about substitutability of street trees befo
the CV

Adequate time lapse from
possibleconcrete incident to by
valued

N/A

Temporal averaging

Yes, per year over 15 period

Ananswer 0 opt.i

Several times. If respondent wanted less trees.
Asked WTP. Report WTP
i kkeo. I f so, then wh

Yes/no follow ups to
referendum question

Follow up to why no WTP (first and second mo
important reason). And yes WTP (what had in
mind when reporting).
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Crosstabulations of other
guestions such as attitudes
toward site, environment etc.

Yes! How long lived in Oslo, district, retet.
Outdoorsy. Activities. Attitude trees. Pos_trees
Neg_trees. Substitute/ownership_trees/q24. 1
Living_arrangement. Q4_sum_view. Current,
desired situation and chan@éought of when
reporting_ WTP. Tand 2important reason why
no WTP.

Checksfor understanding

Pilot, focus groupsadjustment, no inconsistent
answers.

Alternative expenditure
possibilities provided

Reminds respondent that tax comes in addition
existing tax.

Presemtvalue calculations
made as clear as possible

What are we lgfwith if we take the NPV of WTP
over the next inbhdbitayts?ar
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6 Literature Study

In this chapter | will preserat selection ofelevant literature, and place this study in a broader
research contextwill presentliterature on ecosystesenices andraluation methods in
general and in an urban coxiteand for trees in particular. Finallywiill identify a knowledge

gap that this master thesis aims to fill.

6.1 Literature on ecosystem services

Inthe articleT he val ue of t meerviwesand dafusal capitah Is(R.s t e
Costanzaetal.,, 199/many scientists made an estimate o0°
ecosystem services and natural capital. Building on published studies and a few original
calculations they caenup with the estimate af minimum value betweddS$ 16i 54 trillion

per year. GlobaGDP was U$ 18 trillion per yearThere are large wertainties in such an
estimatenvhich many critics pointed out, but the paper succeeded in its goal of bringing

attention to the subiject.

The ecosystenservices agenda: bridging the worlds of natural science and economics,
conservation and development and public and private policpy (Braat & de Groot,

2012, was thantroductory paper to the The Ecosystem Services Journal that started in 2012.
It presents a short history of the fielthe paper discusseégferent developments, challenges

andopportunities

Terry Daniels and several others published a paper in 2012 arguingltbedlecosystem

services are not adequately definedhoegrated in the ES frameworKhey claimed that

there are many cultural ecosystem services, lending ideas from social and behavioral sciences,
but that these are more subijective difficult to measure han t he more fAhardo

services. Howevehere are model®r doing this (Daniel et al., 2012

The Norwegiariteraturereviewby Waaseth from 2003 studitee benefits of urban gen
structures op e o pHeadtls aind wellbeingzcosystem services seem to hav@ositive effect
on i nhabicaland méntal hgalth wswelleshance motoric skills and social
development in childrerit also found that there isgh pressure onrban green areas in
Norway.The government is aware of the positiveesfts of green structures, but the auikor

uncertain if the current public regulations are able to securaiatiegreas for urban
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residentsState of knowddge is limited and fragméd and aeds more empirical studies.
(Waaseth, 200%

6.2 Literature on valuing ecosystem services

The seminal papéraluing ecosystem services by Geoffrey Healcluded a discussion on
value and prices as well psesenting the methods for valuing ecosystem services. It stressed
the shortcomings of the methods and claimedvakfation is neither necessary nor sufficient
for conservationRather eonomics should help design institutions that provide incentives fo
the conservation of important natural systems and make humans impacts on biosphere
sustaimble.(Heal, 2000

Other papers such a$e value of nature and the nature of valudy (Daily et al., 2000
pointed to the large potential valuation has, and making the point that valuation happens
implicitly in the economy and that this not sufficient. They stress the importance as well as

formulate principles for valuation.

One of the most influential early papers on urban ecosystem services was wrB@nnxy
and Hunhammar in 1999. Thajeintify 7 ecosystems and 6 ecosystem sesin urban areas
and stress that ecosystem servioasrban areas have large impact on quality ofififarban
areasThey claim that urban ecosystem servicas help tackle problems locally and
efficiently. (Bolund & Hunhammar, 1999)

Economic and ecological concepts for valuing ecosystesarviceswritten by (Farber,
Costanza, & Wilson, 2002 attempts to bridge the fields of ecology and economics to find
concepts and methods of value for ecosystdéihmsesents the historical background and
context with discussion@n value in the two different fields. It covers the issues of ecological
thresholds and uncertainty. There are conflicts between the different approaches, but both
have contributions in trying to solve the many challenges when it comes to managing the

natual resources.

Many others have called for a transdisciplinary approach to valuing ecosystem services as
presented in the paper by Liu, Costanza, Farber and Troy in 2010ymthiessof literature

describeghe history, use and future ohlving ecosy&m servicesThe @nclusions being
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that it needs to m®memoretransdisciplinaryand more probla driven rather than tool
driven.(Liu, Costanza, Farber, & Troy, 2010

Most citiesconsume ecosystem services from areas many times the size of the actual city.
This is often inefficient and unsustainable. In the p&passfying and valuing ecosystem
services for urban planningy GomezBaggethurand David Bartonthey argue that
fiConserving and restoring ecosystem services in urban assagduce the ecological
footprints and the ecological debts of cities while enhamneesilience, health, and quality of
life for their inhabitants (GdmezBaggethun & Barton, 2013. They go on to present
knowledye and methods for classifying and valuing ecosystem services for urban planning,

including different valuation languages and dimensions as well as analytical challenges.

GomezBaggethun and others write about the importance of urban ecosystem deniises
inhabitants and the global environment as urbanization is rising all over the world. Cities are
important because most people live in them and because they have such a large impact on the

environmen{GomezBaggethun et al., 2018

6.3 Literature on valuing ecosystem services by
contingent valuation

The papefContingent Valuation and Lost Passive Use: Damages from the Exxon Valdez
Oil Spill by (Carson et al., 2008 repors on thestudy andesults of the large scale CV of

the famougxxon Valdes Oil spill. The case gave rise to a latténtion and criticism of

CV, bhoth of theconceptualinderpinningsnd the specifics of the technique of measurement.
However amajority of CV WTP pass test of validity when compared to actual behavior

(Zhongmin, Guodong, Zhigiang, Zhiyong, & Loomis, 2003)

The comprehensive paper by Hoyos and Mariel in 2010 synthesize the past, present and

future of contingent valuation. The divide the higtm three parts;

1. 19431989 origins up to Exxon Valdes case. Alternative to revealed preference

methods such as TC

2. 19891992. Extensive debate followirtgxxon Valdez oil spill. Further research on

theory and empirics on SP and amarket valuation techques.
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3. 1992onwards CV consolidated as method. Accepted academically and politically.

The technique has received lots of criticism concerning strategic behavior aratinoality

of responses. Even so it has been used extensively in economic valuaiabmral resources.
Following the Exxon Valdez case, a NOAA blue ribbon panel, including Solow and Arrow,
revised all theoretical and empirical works on CV and comprongsgtklines for conducting
CV studies. There has been published more @0&0 CV paprsin 50 years and Cis
generally acceptedhoweverany general valid statement about properties of CVM is
impossible(Hoyos & Mariel, 2010

6.4 Literature on city trees

There is a range of literature galuingtrees in an urban environmeAn attempt to value
the street trees with the choice experiment method was carried out in Lodz, Poland. The
experiment showed a large preference for street treegudinolrs claimed the results finche
study helpedmprove governance of urban ecosystem services in thg@igrgiczny &
Kronenberg, 2019

Another approach to value street trees isising hedonic pricing. A study from Portland,

Oregon calculated values of trees based on house prices in tfi@aritvan & Butry, 2010)

Different studies have estimated value of trees and urban forests based on the services they
provide using quantities of quantifiatdervicedike air purification, water regulation ef€he
paper by(Jim & Chen, 2009 uses severalaluation methods and draws on other studies to

measure different services provided by Urban forests in china.

Other studies like one done in Lisbon, Portugadsua benefits transfer method. Thelgtu

from Lisbon used the software iTree from the USA. This software calculate values based on
information about trees in area as well other factors like threes effect on energy, air quality,
CO2 reduction, water runoff and property value basted on presiodes(Saares et al.,

2017). Another such study iscological services of urbarforestsin Barcelona(Chaparro

& Terradas, 2009. It is a reporwvhich utilizesa computer program which evaluates the

structure of urban forest, like species, density etc. and computes values based on functions for
guantifiable services like carbos sequestering, pollution redudtotoeestimate value of

these services. The functions in these types of models get there estimates from other studies
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and/or does original calculations. They can be seen as a type of benefits transfer, but they do
not capture the value of all the ecosystgervices. Furthermore they must be taken as
approximations because they are based on general functions that are compromised to facilitate
estimation, and not comprehensible studies.

Protest response and willingness to pay for culturally significant urbanrees:
Implications for Contingent Valuation Method (Lo & Jim, 2015) This study on ity trees
in Hong Kongapplied thecontingentvaluation methodThe authors stressed the issues of
protest answer$rotest responses may be correlated with WTP in different, wdnysh in

turn can bias the estimates.

It is interesting to see the fact that valuing ecosystem services workeriffen different
cultures. WBA has a large amount 6V studies, while other studies in for exam@laina

have difficulty getting good results. Some raise the questiGhirieseare less used to the
marketvaluation mindset used in the type of sasl{Zhongmin, Guodong, Zhigiang,

Zhiyong, & Loomis, 2003)Other Eiropean studies likEhe economic value of urban forest
amenities:an application of the contingent valuation methodLiisa Tyrvédinen &

Vaananen, 1998find a willingness to pay for use, but point out that the method is not used
as much in Europe as in the UBAcaise ofabsence of legal obligation to require a monetary
evaluation of environmental policieBhere are a range of other contingent valuations studies

on trees in urban areas, some of which are presenieabla4 below.

| alsoreviewed some literature on trees in Oslolémal backgroundByens treeri Plan og
bygningsetaten by Clausen, 2014Presented a short history of trees in the esywell as
challenges and leagal protection of trees in GBtber articles like&srgnn urbanisme

(Stange,2010)contributed in giving someontext.

Thereare many contingent valuatietudies on environmental gooaisd some on street trees.

They vary in theeontext and how they define the good, the change in the good as well as
technical diferences such as payment vehicle and statistical models used for analyzing the
results.However, to the best of my knowledge there are no stated preference based valuation
studies done on street trees in Oslo. Although there are several software vahogiamp

and models that estimate urban ecosystem services, | have not found any that study ecosystem

services spatially explicit using a stated preference valuation method. Both of these factors
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make the stated preference study on strees in Oslo ableo fill a gap in the literature and

interesting from a scientific standpoint.

Table 4 Selection of studies on valuing ecosystem services in general and street trees inparticulart

Type of service/area

Author(s) Country/region  valued Method
R. Costanza et al. 1997 International Global BT
Braat & de Groot 2012 The Netherlands Theoretical n/a
Daniel et al 2012 USA Cultural services n/a
Waaseth 2006 Norway Health effects n/a
Heal 2000 USA Theoretical n/a
Daily et al. 2000 Sweden Theoretical n/a
Bolund & Hunhammar 1999 Sweden Urban ecosystem service: n/a
Farber, Costanza, & Wilson 2002 USA Theoretical n/a
Liu, Costanza, Farber, & Troy 2010 USA Synthesis n/a
GomezBaggethun & Barton 2013 Norway Urban ecosystem service: n/a
GbmezBaggethun et al. 2013 International Urban ecosystem service: n/a
Carson et al. 2003 USA Oil spill Ccv
Hoyos & Mariel 2010 Spain Synthesis n/a
Giergiczny & Kronenberg 2014 Poland Street trees CE
Soares et al. 2011 Portugal Street trees BT
Donovan & Butry 2010 USA Trees in city HP
Jim & Chen 2009 China Urban forests Model
Chaparro & Terradas 2009 Spain Urban forests Model
Lo & Jim 2015 China Urban trees cv
Liisa Tyrvainen & Vaananen 1998 Finland Urban forests Cv

L Tyrvainen 2001 Finland Urbanforests Ccv
Treiman & Gartner 2006 USA Community forests Ccv
Vesely 2007 New Zealand Urban trees Ccv
Sander, Polasky, & Haight 2010 USA Urban trees HP
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7/ Theory and Methodology (study
design)

Chapter 8 Theory and methodology (study design) explains iit gt we have done in
our study.The chapter goabfirough the design and research procassvell as drawing up

the theoretical and technical blueprint of the study.

The main reference for this chapter is bo®k Economic Valuation with Stated Prefererce

Techniques- A Manual, by Bateman et al.(Bateman et al., 2002

The objective of the study is to try to value the ecosystem services being provided by the
street trees in Oslo. A second focus of the study is to try to apply the ecosystens service
theoretical framework and valuation methods to an urban context to see how it worked out
and try to use new web survey methods to make the answers spatially explicit, and look for
geographical variation in the results. We used an online web surveynteitadtive maps to

make the answers spatially explicit. And we use the contingent valuation method to measure
ecosystem services provided by publicly provided street trees. This allowed us to study
respondent specific variation and construct the valuatenario in an understandable and
believable manner that did not diffeotmuch from the real world situation. The target
population was the inhabitants of Oslo, because they are the ones that have most of the benefit
from the street trees (visitors tcethity may also enjoy them) and they are the ones who

finance the provision of street trees through a municipality tax.

We purchased a representative sample ttordatacollection agencyNorstat of one

thousand respondents that reflected the geogrdpmhstebutionin Oslo. We asked the
respondents if they would be willing to pay an increase in a tax in order to maintain or
increase the level of street trees density in their street. The elicitation format was a payment

card and they could themselve®obke the payment vehicle.

We had two focus groups and redesigned the questionnaire many times. We conducted a
small pilot study/preest of tle questionnaire and redesignebefore conducting the main

survey.
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For the purpose of writing this thesisdnducted an econometric analybased on the
responses from the survayd preformed validity and reliability tests before aggregating and

reporting the results.

7.1 Population, sample and survey mode

The @rget population is people who receive benefitsostfrom the nomarket good in
question. The targepopulation for the CV study the inhabitants of Oslo. There are other
groups that value street trees in Oslo, such as tourists and other people who visit the city.
However, for practical reasons weaided to limit the defined population to the inhabitants of
Oslo. It would be more difficult and costly to get a sample that included visitors. Furthermore
the households of Oskre the ones that pay the taxes that finance the street trees, and they
arethe ones that pay would pay the tax in the hypothetical CV valuation scavarimought

a representative sample from the dat#lection agency Norstat. It randomly selected with a
softquota on districts in order to ensure geographical representativdoeago this level.

We conducted web-survey because of its cestfectiveness and because it allowed for
technical features linked to interactive digital maps. This was an area we were interested in
exploring, in addition to making both the collectiamd analyzing of information faster and
easier. With the respondents identifying home and trips on maps, we could link the rest of the
information to geographically explicit positions. The sample size was 1000 respondents. This

was enough to get statistilgasignificant estimates, spatial variation and representativeness.

The sample size allowed us to study different things especially important was the link to the
geographically detail. The precision of the sample in terms of figuring out exact WTP twas no
so important. But the gecaphical representativenesas important. The population of Oslo

is pretty diverse. As far as variation in ttfearacteristicef interest, we got a good variation
when it came to amount of street trees, in place, desireddegtadeographical variation. The
situation differs greatly from different parts of the city. Especially when it comes to possible
substitutes to thenvironmental good in questioregple living close to the forests, people

living in residential areas witlots of private trees, people living close to parks and people

living in more urban areas.
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7.2 Designing and testing stated preference
guestionnaires

The questionnaire is the datallection instrument. So having a good design is important so
thatquestionlicit the desired informatioWe want to know how much thhespondentare

willing to pay to maintain or increase density of street trees. In other words how much are
these trees worth to them. As mentioned, exactly how much trees they are puttireganvalu

is not clear. We can study the difference in current and desired level, but not what it would be
if they did not payBut we have singled out exactly which trees, exactly what street in what

part off Oslo, they are valuing.

We do not give them too ol information, in order not to bias the results. But rather ask
them relevant questions in order to prepare them mentally and get information on their

preferences.
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Figure 20 Schematic presentation of the reasoned action modg@tishbein & Ajzen, 2011

However WTP and WTA are behavioral intentions. There is the possibility that their reported
WTP is not their true WTP. We can look at the theory of reasoned action to understand the
process better. According to this theory one part of the thought process is béssid on

beliefs and evaluation about behaywhereinlaying the true WTPAnNotherpart is the

subjective norm, which contains opinions tfi@rs and motivations to comply. Thmay bias

the provided answer away frais true value,fithese are different the CV setting than in

the real world. Since the wedurvey isanonymousand not interviewer is watching them give

an answer, it is likely that this sort of bias is mininfdie lessons from the theory of reasoned
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actions are; correspondence, proxinatd familiarity. Attitudes for paying for goods, WTP,

familiarity of behavior.

Table 5 Some elements of theailored design method(Dillman, 2000)

To establish trust To increase rewards To reduce social costs

91 Provide token of 1 Show positive regard 1 Avoid subordinating
appreciation in language
advance 1 Say thank you
1 Avoid embarrasment
1 Sponsorship by 1 Ask for advice
legitimate authority 1 Avoid inconvenience
1 Support group values
1 Make task appear 1 Make questionnaire
important 1 Give tangible rewards short and easy
f Invoke other I Make questionnaire f Minimize requests to
exchange interesting obtain personal
relationships information
1 Give social validation
1 Emphasize similarity
1 Communicate scarcit to other requests
of response
opportunities

The tailored design method developed by sociologist by Don Dillman gives us concrete
advice on how to gédtigher response rate and better answers on surveycaklked.
Establishing trust, increasing rewards and reducing social costs are all things that were aimed

at in our survey.

For CV surveys it is crucial that the hypothetisegénarids sufficiently understatable,

plausible and meaningful. We based the scenario on the way in which street trees are financed
today. This makes it understandable and familiar. However we also asked them what payment
vehicle they thought was thedieAnd we did not explicitly say what the level of street trees
would be if they did not pay.

Description of policy, constructed market and method of payment

The only attribute in addition to density of street trees, was height of street trees. We can
measure desired change both in number of threes and total height. There are a range of
substitutes. The closest are of course other trees, either private or public treesimearby

gardens, parks or the forest. Other natural structures and green areasasaubstitutes.
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However, the trees provide a range of services, so that there may be many other types of
substitutions such as sound control, shading, drainage etc. The constructed market is not that
different from the market in place. Although therensreentive compatibility challenge in

the fact that people may underreport their WTP because they do not want to be charged for
this good. According to economic theory they should not have this perception, because the
taxes they pay do in fact come frohemselves. Several people | have spoken to seem

reluctant to give a number because they do not see trees as something they should pay for.
This conception should be explored in the datee people that have high WTP may provide

a higher WTP because theydw that the cost will be spilled over the entire population of

Oslo. The people who have low, no, or negative WTP have the incentive to overstate this.

More information about the groups and how they compare to each other is in chapter 8.
Sections and objetives

We collected information on socioeconomic variables to study how they explained WTP.
Furthermore this information could be used to create a benefits transfer equation so that the
results from this study can be used in other areas by adjusting@ fen¢loeconomic situation

in that region. Information collected on respondents use of green areas in the city could be
used to create respondent profiles and study if this affected WTP or if there was any
substitutability. Information about respondentgadies where interesting in relation to WTP

but also their knowledge, preferences and opinions on ecosystem services, substitutes, public
goods and as checks for validity and understanding of survey. Location information was
collected to study spatial vation. Scope variables where interesting for the effect on initial,

desired level of street trees, change and to check for validity and understanding.

We used interactive maps to get the information spatially explicit. We were afraid it would be
difficult to use for some respondents, or that many wouldhiaglling to give up spatially

explicit information. But this turned out not to be a problem, the technology is the same as
many people use in their everydayinformdtien t hr ou
that they do not already give in other situations. We got information on where the respondent
lived, the street tree density in their street and their desired level for street tree density there.
We could link this information to their WTP ftinis change, and to the rest of the information
collected. Furthermore data on respondents use of green areas where collected, on where,
when, what, why, how long, how often, at what time etc. This was interesting in its own right
for otherpurposes thathe CV of street trees. However this information wsasfulin
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creating profiles of respondents which could be compared to the CV of street trees. The web
survey was designed to be interactive, fun and easy to use. Many original features where used
to getgood quality data as well as make the user experience as good as possible. We had
warm up questions and follow up questions. And the hypothetical CV situation was created to
easy to understand as well as believe by making it as close to the way it tedinaNe

used a payment card because it is easy to use, there is hopefully no bias, and we could treat it

as a continuous variable which facilitated the analyzing of results.
Focus groups and pilot study

We conducted two focus groups. One was a groupstidents. They were asked to try out

the different features of the survey, then asked some questions about the survey and spent
some time discussing and giving their thoughts on how to improve the survey. The second

focus group was a group of employeeBlBA. Some hadknowledge aboutrees and

ecology others had experience with conducting surveys. Both focus groups were before we
had landed on the final type of valuation method. They both pointed us in the direction that

we should focus both the good wanted to study and way in which we did so. This is part of

the reason why we landed on the CV method.

We conducted a pilot study with volunteers from professional and social network. We got a
lot of useful feedback and the survey was revised, shortenethe@mniseffriendliness was

improved considerably.

7.3 Analyzing stated preference data

After developing and testing the contingent valuation study,amdwcted the main survey
and obtainedhe stated preference data. The next step was analyzing it to adeéih

results.

In addition to the WTP respondents we collected data on household characteristics, attitudes,
opinions and location characteristics| thle information would allow m& analyze the data
in a meaningfulvay. Using this informationdanconstruct a bid function to understand how

respondents value street trees and what factors affect this valuation.

One of the main issues was dealing with-nesponsesthe respondents that did not report a

WTP. We had several follow up questions teedetine weather these where true zero
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responses or protest answerd.dkclude the nomesponses it may lead to systematic bias if
nonresponses amorrelated to true WTP. Sincelan 6t test for this, we
nonresponders will be similao that quoted by household with similar characteristics. Under

this assumption as long as excludingmespondents from data does not bias

representativeness of sample, should not bias analysis ofdataPIf not representative, |

would employ weightingrrocedures when analyzing data.

There are several groups of variables that could determine MbitRehold, prograrrand

design characteristics. Household characteristics, like-satnomic characteristics,

knowledge of the good being offered and atesitbwards the program being offered was
collected andnalyzedMore abouthis in the subsequent chaptaige did not include

program or design characteristics. These am€ables that describe spiample treatments
designed to examine how the chaeaistics of the program being valued influence WoFP

how questionnaire design influence WTP responses. We used the same program and same
guestionnaire design on all the respondents. We did however leave it open to the respondents
to choose what paymengRicle and what they imagined the status quo would be if they did

not pay for the program. We cannot study differences between the different answers because
they were seltelected and we would not be able to account for what part of the difference in

respnses were attributed to program or questionnaire differences.

Missing data on household characteristics can be imputed, although it could be problematic if
there was systematic difference between the ones who provided information and the ones who
did not.We did not experience a lot of missing data so this did not turro dugt & problem in

this survey.

7.3.1  Specification of the bid function

The following theoretical framework and equations are from chapssth&@book Economic
Valuation with Stated Preference Techniques A Manual, by Bateman et al.(Bateman
et al., 2002

The bid function explains variation in WTP based on characteristics of the good, prices of
other goods, income and other seemnomic characteristics as well as other factotts tha
may affect WTP.In the following we will go througlhow WTP can be defined imelfare

economics, in order tagtify using WTP as monetary measure of changesens pondent 0 s
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welfare.If the responset CV questionsrein a way hat is consisterwith welfare
economic theory, they should elicit the household maxitWin® for the defined change in

the good in question.

Let 6s c anhatket gobd).#snd dedine anndirectutility function, V(.). Income is
expressed by Y, and price of goods ByOthe demographicrad economic factors are
represented b8. We canthenwrite the households indirect utility function in the general

form:

We expect higher income Y and/or lower prices P would allow household to purchase more
goods and thereferealizea higher utility. Also we assume that increasing the provision of

the noamarket good would lead to higher utility. Therfore:

In the CV survey respondents are asked to complat they prefer odlifferert levels of
nonmarket good, ®and Q. Since they get higher utility we would expect them to be willing
to pay something for thig\ccording to our assumptionsving up income reduces welfare,
therefore thenaximum WTP can be expressed as the monetamegyat that ensures their
utility is equal at both levels of provision of the rmarket good. We define the quantity C

such that:

[

o GRYD @& O6MAYD

C is the compensating variation measure of a change in the welfare: ihiotines e h ol d 0 s
maximum WTP to achieve the increase in provision of themarket good. C can be
expressed as a function of the other paters in the model. C(.) is known as the bid
function:
6 60 h hRY
A households maximum WTP is bounded by their ability to pay, so:

6 60 M KWAY @YO &

63



There are two approaches in specifying the bid function.i©the utility difference

approach, which models the effect of different factors on the utility directly. The other is the
bid function approach which models the effect of factors on WTP. These are equivalent
theoretically, it has only to do with how to frartine effects, in terms of utility or WTHhere

is atradeoff between relative simple function against connection telassical utility

maximization theory.
The utility difference approach
We start out with thertie indirect utility function:

We then create aadel of indirect utility function

~

0 o -
This allows us to write:
& GIORYD 0 iy -
Where— can be thought of as the unobserved variation in tastesan express this model as
alinear utilty model:
o 1 - n meip
The utility function can be evaluated before and after the change in provision of the non

market good, q=0 and g=1.

- Prices of market goods andantities of other neamarket goods are assethto be
fixed throughout the analysis and are not included in the model of the indirect utility

function.

- The parameter beta is the coefficient on (discretionary) income. It can be interpreted
as marginal utility of income. Beta represents increaselitydtirm unit increase in

income.

64



- Utility from provision of nomamarket good is captured by expression — . The
first part is observed, the second represents unobserved variation in tastes for the non

market good.

HH max WTP is given by C that solves:

oM Q| | e - -

Specify alpha, the observed part of the utility change, as a function of the households

characteristis (and where relevant prograand design characteristics).
e e E | @

X0 s v a lnhydhe k fackoks analyst believes may influence the welfare change
experienced by the household. The k alphas measure the impact of each of the factors on the

change in utility.
The bid function approach

The second approach has a bit easier sdhsfgd deriving the bid function from an explicit
specification of the underlying utility functions, we model the bid function directly:

6 60 h RKyDRY
on M omi fiQ

With e assumed to be the part of WTP that is determined by unobservable tastes of household

for the nommarket good.
We can express the model aoastant only bid function model:
0 O Q wew 0
Identical to the linear utility function model equation. Could include income effect
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The marginal impact of income on WTIB then expressed ly Bid function models

incorporate income effects in a very different marioghe utility difference models. Instead

of rescaling a utility change to take into account of the utility purchasing power of money at
different levels of income, income effects are incorporated in the bid function models as
shifters of WI'P. The function a can be parameterized to take into account other factors that

important to determining WTP.

The fads measure the impact of the variabl es

7.3.2 Estimating mean and median WTP

The objective of the CV is to discover how much the population values a change in the good
in question. But because we only havsample from the populationh&ve to apply

statistical analysis to estimate this value. If the sample is representative of the population the
distribution of WTP responses in the sample should reflect the distrimfti™TP respnses

in the population. If lihd the average WTP of the sampleah then aggregate the results

from the sample to the population to fitiee value we are looking for. Wean calculate both

the mean and median to get a better understandlithg alistribution.

Thedistribution of the WTP in a samplef respondents to a CV survey can be expressed in
several ways. By a probability density funct®BF: f(zA, or a cumulative density function
CDF: F(zA or by a survivor functionS(zA=1- F(zA.

There are two ways of representing teatcal tendencgf a distribution. Thesample mean
WTP is the average WTP expressed by the respondérisscan be represented

mathematically by the following equations:

of a'QAPQa

6t p OaPQa  YarpQa
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The sample median WTP however, is the sample WTP that divides the sample exactly in half.
Ogp  Odp ™™
0O Om Y ™

These two values are the same if the distribution is symmetBaaWTP distributions are
often right skewed, making the amehigher than the mediaihe two different ways of
summarizing the distribution of WTP can be interesting for different purplbse® is using

these measures tase decision on:
- An efficiency criterig thenthe meanwould be the most interestirsgatistic

- Majority voting rule, then you would get a better idea of how the population is spread

out by using thenedian

We report both values to get the most information out of the sa@hler &pects of the
distributioncan be of interest such as #maount of householdsith zero benefitif the
benefitsarehighly concentratedndhow benefits vary with different parameters such as

geographical area.

7.3.3 Models for testing validity of WTP values

When analyzing the results from the CV study, we are looking for what variables that affect
WTP in a significant manne@ne way of testing the validity ¢fiese estimates is be

comparing the estimated parameters of the models to see if they have sigosfinatto

prior expectations based dmeoryor other literatureFurthermore we can condutttestsse

weather or not there are statistically significant. The test is based bat#tistic:

0 ———
i &38|

Which is comparedampare wik critical value for a twdailed ttest with 95 per cent

confidenceOne is alsanterested in explanatory power of the whole modekay of
measuring this is by looking at thequdo R statistic.
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Were0 s the value of log likelihood function from the estimated model with covariates
and0 is value of the log of the likelihood function from the unparameterized nibalel.

statsic ranges from 0 to 1, and thesdr to lis, thebetter.

7.3.4 Models for BT

Finally we want to create a model for BT. Base on this we can estimate a transfer equation,
whichmeasureWT P as a functi on of thdtie easilgitlentifiablsid c har

other contexts.

7.4  Validity and reliability

Validity refers to thelegrean whichthe study measurebeintended quantityTheresults

are valid when value stated by a survey respondent for a given good is equal to the actual

value which the respondent would express for that good if given the opportunity in a real
market.CV gudies often make two implicit assumptions; respondents have preferences and

use these to determine valuation responses and these preferences are consistent with economic

theory.

One can draw a distinction between the validity of the CVM in general aitlityalf CV

studies in particular. There is a lot of debate on the validity of CV as a method, but even if
one does accept the method therenaaay pitfalls that C\studiesneed taavoidin order to

create valid resultS-he validity of the results depeméntirely on the design aesaecutionof

the study. The study must do its best to be believable, understandable and be incentive
compatible. This means the respondent must accept the hypothetical scenario and have the
interest to respond truthfully. Theeare several ways tdstingthe validity of the results,

although none of them can confirm the validity of results fully, they can however increase the
confidence in the results.

Content offace validityhas to do with whether the right questions besked in the right way
and presented understandably. Is the good and change in good presented clearly? Is the

method of providing and collecting payment plausible?

Construct validityhas to do with construction the stualycordinglo economic theory. We

canperformcertain test on the data to see if they are in accordance with economic theory.
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Finally convergenvalidity can be tested by comparing results to those from other studies or

methods. The findings should converge if they reflect the same true value

Reliability relates to theegree of replicability of a measuremeértis canentailtestingand
retesting in order tolain WTP same indidual different points in time lédough the at of
surveying individuad may influence subsequent viewsotherapproach is toampare WTP
distributions from two independent but statistically equivalent samples from same population,
typically interview at different points in tim@r one can @mpare stability of the estimated

bid function in repeated samples.

7.5 Aggregation

The final part ofanalyzing CV results is aggregating the data from the sample over the
population.Doing this is a straightforward procesfsmultiplying the estimated mean WTP

with number of units in populatioif,all the following conditions arenet:

- Population of interest has been chosen

- Unit of observation has been chosen

- Random saople drawn

- All units in sampleanswered

- All units in sample providedomplete responses

- Statisticsof interest has been chosen

However this is often not treaseandone has to applyweightingprocealures to try to account

for shortcomings of the sample ours studyhe population of interest are the households of
Oslo.The unit of interest wathe household, withespondents answerimgp account otheir
householdWe purchased a random sample fribva datacollection agencyorstat, where

the sample was drawn using a soft quota to capture the geographical distribution of
householdsUnfortunately immigrants where underrepresented in the sariaestat

continued tadraw respondents until we had achieved to goal of 1000 responidenisver

not all the respondents providadVTP. More information on measures to deal with the
challenges of underrepresentation of immigrants and share of respondents that did not give

WTP is provided in chapter 9.
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8 Data collection and summary
statistics

Chapter 9 Data collection and summary statistics presents the data collection method and

presents the summary statistics.

8.1 Sample of respondents

Figure 21Members of the panel.(Norstat, 2015)

The sample from the population of O&danhabitants was selected through PANELbgohe
data collectioragencyNorstat SeeFigure21for illustration of geographical distribution of
Nor st altmgmsberpVderp@rchased this sample, requesting a random representative
sample that reflects the geoghécal composition of the cityhis was important since we

were interested in studying spatial variatidrsoft quota wasised to ensure this, byaiving
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