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ABSTRACT

An environmental goal set by the Swedish parlianeethat all contaminated sites in
Sweden, considered as acute health risks, shouldnbediated by 2050. The process
to prioritise between sustainable remediation m#thbas long been considered a
difficult task. Within the Sustainable Remediation Programmieitiated by the
Swedish Environmental Protection Agency, a cosebemnalysis method able to
prioritise between remediation alternatives wasettgyed. This method was applied
to assess the performance of remediation by vacexocavation for a project at
Beckholmen, Stockholm. Vacuum excavation is a ingdht unpractised remediation
method that aims at preserving valuable amenitgstrélfhe largest independent
monetised benefit applying vacuum excavation was uhlue of the saved trees.
However, the results from the cost-benefit analghisw a negative net present value.
A sensitivity analysis using Monte Carlo simulatisimws that the uncertainty of the
results is relatively insignificant. On the otheank, it can be concluded that
additional underlying uncertainties, not includedthe uncertainty analysis, most
likely contribute to a larger degree of uncertaithtgn what the statistical distributions
of the net present value exhibit. The additionalartainties mainly originate from the
benefit valuations. Three benefits have not beenatiged. The size of these benefits
is uncertain. However it is concluded that the petsent value of the vacuum
excavation is probable to be positive, which inntimdicate that the remediation
methodology has been beneficial in comparison withtaking any measures at all.

Key words: Cost-benefit analysis, Beckholmen, reiatezh, tree appraisal, health
risks, contaminated soil, vacuum excavation, M@daeo simulation
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SAMMANFATTNING

Den svenska regeringen har definierat ett miljoimain vilket alla fororenade platser
som utgor en akut halsorisk ska vara sanerade i20a0. Att prioritera mellan olika
saneringsmetoder har lange ansetts vara en sva@jifuppom Naturvardsverkets
kunskapsprogranallbar saneringhar Rosén et al. (2008) utvecklat en metod for
kostnads-nyttoanalys som syftar till att prioritemgellan olika saneringsmetoder.
Denna metod har anvands for att bedoma utférandenaanering som utforts med
vakuumsugning pa Beckholmen i Stockholm. Vakuumsugnar en relativt
obeprévad saneringsmetod som syftar till att ragddefulla trad. Den enskilt storsta
nyttan av att anvanda vakuumsugning var vardet evaddade trdden medan det
totala resultatet av kostnads-nyttoanalysen vifanegativt nettonuvarde. Samtidigt
visar en kanslighetsanalys genomférd med Monte oGanhulering att resultatets
osékerheter &r obetydliga. A andra sidan har skdsadragits att ytterligare
underliggande osakerheter foreligger, vilka sammdlidrar till en storre osdkerhet an
vad den statistiska fordelningen av nettonuvardasdry De ytterligare osakerheterna
har huvudsakligen sitt ursprung i nyttovarderingarnfre nyttor kunde inte
moneteriseras och dess storlek ar oséaker. Hur sgst har slutsatsen dragits att
nettonuvardet av vakuumsugningen sannolikt ar positlket i sin tur indikerar att
saneringsmetoden har varit till nytta i jamforefsed att ingen saneringsatgard hade
vidtagits.

Nyckelord: Kostnads-nyttoanalys, Beckholmen, sawggrirddvardering, halsorisker,
fororenad mark, vakuumsugning, Monte Carlo-simulgri
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1 | ntr oduction

The Swedish government has adopted an environmeolialy with the overall goal
to provide future generations with a society fremrf environmental problems. To be
able to reach this, 16 national environmental gdalge been set by the Swedish
parliament. One of these is a Non-toxic Environmé@ninilestone of this goal is that
all contaminated sites, considered as acute haak® due to direct exposure, should
be remediated by 2050. This also includes sites ttin@aten important water or
natural resources. The Swedish county administratitave estimated that there are
more than 77,700 potentially contaminated siteSweden (NV, 2012). In total, the
remediation costs for the 1,500 most contaminaites sre estimated to 60 billion
Swedish krona (SEK). A large number of these satespossibly dangerous to both
human health and the environment (Rosén et al§)200

In total, about 1,350 remediation projects havenbperformed and reported in
Sweden. Approximately 50% of these projects havenbsonducted by excavation
and disposal of soil, which is normally referreca“dig-and-dump” (D&D). It is the
most commonly applied remediation method in Swedém® second most common
method is vacuum extraction. It is a technique wlear is being injected into the soil
by pressure. The air thereafter encapsulates gratates the contaminants from the
soil material. Other methods include air spargiswj] washing, thermal desorption,
and various filter techniques. However, these ndthare much rarer, and more
specifically applied (Helldén et al., 2006).

Any firm responsible for the remediation of a contaated site must, on behalf of its
client, ensure that the chosen approach is aseffesttive as possible, while meeting
all environmental obligations (Day et al., 1996)heT process of selecting an
appropriate remediation method is always a siteiipedecision, and there is often
more than one suitable method to choose from (Barti®94). Prioritising between
sustainable remediation methods has long beendamesi a difficult task due to the
lack of an easy and user friendly decision makiagl.t Within the Sustainable
Remediation Programma@itiated by the Swedish Environmental Protectéigency
(EPA), Rosén et al. (2008) developed a cost-benefilysis (CBA) method able to
prioritise between remediation alternatives.

Staf claims that if a contaminated site includes valeizmenity trees that are
required to be preserved, no conventional remesiatnethod has so far been
available. In 2002, a pilot project was carried atiPaskbergsgatan in Gothenburg,
Sweden, where five oak-trees standing in contamthabil were saved using vacuum
excavatiofi (VE). It is a method that removes contaminated amund the root
system of a tree, similar to the function of a waoucleaner (Blom, 2002). In 2011
the problem of saving valuable amenity trees airdaminated site was brought to the
fore again, although, to a much larger extent thaothenburg.

! Naturvérdsverket in Swedish.

2 Orjan Stal (CEO, VIOS AB) discussing with the author on the 14™ of June 2012.

>An amenity tree is a tree that is not grown or managed for its value as timber or other crop and that
provide other benefits or values (Cullen, 2007).

* In Swedish this method is often referred to as “vakuumsugning” or “dammsugningsteknik”.
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1.1 Problem statement

Beckholmen is an islet located in the city centré&tmckholm, Sweden. It was long
one of the most contaminated places in the counfiye contamination was
considered a health risk to people who live, wook, by other means occupy
themselves at the islet. It also had a negativecefin Saltsjon, the lake surrounding
the islet. Due to this, the Swedish EPA took theigien to grant funds to the Royal
Djurgdrden Administratiohfor a remediation of Beckholmen. A Swedish engiimee
consulting firm, Sweco, was commissioned as projetager in 2011.

The outer parts of Beckholmen did not contain araluable amenity trees.
Consequently, it could be remediated by the wetivikm remediation method D&D.
However, at the centre of Beckholmen, which is lewated green space, an amenity
tree population of 46 trees was present. It wasidened valuable from an historical
point of view. Thus, a remediation method ableawesas many trees as possible was
demanded. It was decided to apply the relativelgractised method VE. It was,
however, impossible to save all trees due to vagn hevels of contaminants at
certain locations that exceeded guideline valuesthErmore, some trees were in a
relatively bad condition, and were therefore taklewn due to their low probability
of surviving the stress from the remediation precédtogether 23 trees were saved
applying VE.

The total financial cost of the VE was considerabigher than traditional D&D.
Hence, if all trees would have been taken downyapplD&D, the remediation costs
would have been significantly lowe€onsequently, saving 23 trees came at an
additional financial cost. Today, when the projsctompleted, those involved in the
Beckholmen project ask themselves if this additi@ost was worthwhile, and if the
VE method should be applied again in future pragject

1.2 Purpose

The purpose of this thesis is twofold: (1) to testd evaluate the CBA method
developed by Rosén et al. (2008); and (2) to coutiei to existing literature on the
performance of alternative remediation methods éteminining whether or not VE
was beneficial at Beckholmen.

1.3 Research questions
This thesis will target the following research gu@ss:

* Is the CBA method by Rosén et al. (2008) an easyumser friendly decision
tool for prioritising between remediation alterna8? Is it comprehensive
enough? How certain are the results?

* Was it beneficial to remediate the contaminatetisagdhe green space by VE,
in comparison to not taking any measures at atl, aould it have been more
beneficial to apply D&D?

> Kungliga Djurgardsforvaltningen in Swedish.
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1.4 Limitations

This thesis will only consider one type of decisioraking tool to evaluate the
performance of VE. CBA assesses the economic aspéthe different remediation
alternatives to society. The economic aspect isevew only one of the three
dimensions of what is commonly defined as sustdibabln order to identify a
sustainable solution the ecological and socio-caltdimensions should be included
as well. This can be achieved with a more extensigeision support tool, for
example multi-criteria analysis (Rosén et al., 2009

Furthermore, only one case study has been condaseeksing the CBA method
developed by Rosén et al. (2008). To get a reptates basis for conclusions about
the performance of a relatively extensive and cemplecision tool, such as the
current CBA method, numerous case studies arerpldée

1.5 Disposition

Chapter 2 is initiated by providing a presentatainthe narrow field of previous
literature available on VE. Thereatfter, focus i$ @ou CBA in general terms, and more
specifically on the theoretical foundations of tihhethod developed by Rosén et al.
(2008). Next, Monte Carlo simulation, which is ampiortant part of the methodology
of this thesis, is presented. Finally, the chapeads with a brief theoretical
presentation of the extensive field of tree apitaf®cusing on the chosen methods.

Chapter 3 provides an informative background carmiogr the case study at
Beckholmen. General information about the site asdcontaminants is described.
Last, the reference and remediation alternativesidered in the CBA are presented.

Chapter 4 describes the methodology used througtheuthesis. First the overall
procedure of the CBA is given. Next, valuation noeth considering both costs and
benefits are described in detail. Last, the metlogyo of the sensitivity and
distributional analyses is presented.

Chapter 5 shows the results of the case study.

Chapter 6 discusses and analyses both the appbk#ibdology and the outcome of
the results.

Chapter 7 concludes the thesis by answering tlearels questions.

Last, references are given in Chapter 8, after lwlappendices follow for details
concerning figures and calculations.
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2 Theory and Literature Review
2.1 Vacuum excavation

VE is a method commonly used for amenity tree tneatt in Sweden. This is done by
loosening and removing the upper soil layer aroaiticee. The gap is then filled with
new and nutritious soil material. The aim of thppeoach is to extend the life length
of amenity trees (Stal, 2004). Three examples ojepts where this method has been
applied in Sweden are Erikslustgatan in Malmé (S1&198), Vaksala square in
Uppsala (Stél, 2004), and Kungsbroplan square ackBblm (Embrén et al., 2009).
VE as a remediation method for trees standing mtarninated soil is claimed by
Staf to have only been used twice in Sweden: Paskbat@sgGothenburg, in 2002;
and at Beckholmen, Stockholm, during 2011/2012. iMine method was applied in
Gothenburg the aim was to save five oak-trees, whiere standing in soil
contaminated with lead, arsenic, copper, and cagmiDuring four intense days
approximately 60 rhof contaminated soil was removed by VE. Immedjasdter the
excavation the gap was filled up with new and tious soil material. The VE
method was concluded to be both suitable and aat@fy as a remediation method at
Paskbergsgatan. The method was gentle towardsattérees, which did not suffer
any harmful effects due to the remediation (Blorip2). According to Stlthe
project in Gothenburg was not very extensive imgof time and excavation volume
in comparison with Beckholmen.

2.2 Cost-benefit analysis

The environment in which decisions must be madedse complex than ever before,
and it is often desirable to achieve multiple obyexs at once. Decision analysis is a
way to handle decision complexity in a structureaywKeeney, 1982). One way to
prioritise between different environmental projedso measure the effect of each
project on public welfare. A standard tool commoniged for public welfare
calculations is CBA (Pearce et al., 2006).

CBA in civil and environmental contexts was firatroduced in the T®century. In
1808 Albert Gallatin, U.S. Secretary of the Tregsuecommended comparisons
between costs and benefits in water-related pmjddtis resulted in water resource
development receiving formal attention regardintumes on public spending. The
Flood Control Act was released in 1936. It requiegdluation of costs and benefits of
all water resource projects in the U.S., which ltesuin different guides and
documents being produced. Besides providing prcgaidance these publications
encouraged academic interest (Hanley et al., 1993)Raccordance with Eckstein
(1958), the CBA techniques employed were relatedhto foundation of welfare
economics. He critically investigated the technijter benefit estimation within the
field of water resource development using marké&rmation. Thus, at first water
guantity was the primary concern, but as the Udabn donstruction business slowed
down in the 1960s, focus began to turn to otheresgEckstein, 1958). Clawson et al.
(1966) emphasised the importance of both the Jaluammethods and the data
required for measuring the environmental benefiratation to outdoor recreation
possibilities. As a result, interest expanded framater related recreation into a

® Orjan Stal (CEO, VIOS AB) discussing with the author on the 14™ of June 2012.
7 .
Ibid.
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broader perspective on public goods such as weldafr quality, human health, and
aesthetics. At this time, CBA in relation to thevieonment was faced by many
challenges regarding the treatment of long-terract$t risk and uncertainty. A strong
research community was built up in the U.S. mainigluding universities in the
Rocky Mountain region. Meanwhile in Europe, devehemt considering both
research and practice was slow. In the U.K. fotainese, CBA was mainly used within
projects such as the M1 motorway in the 1960s hadCthannel tunnel in the 1970s
(Hanley et al., 1993). The importance of publicdarbeing efficiently used in major
governmental investments is emphasised more eweay. yhis has resulted in the
fusion of the academic field of welfare economieghjch has mainly been CBA, and
practical decision making. Today CBA is recogniasdhe major appraisal technique
for both public policy and investments (Pearce .e2806). In Sweden CBA is widely
used in various types of governmental projects adl. wWHowever, concerning
environmental investments, such as remediationootacninated soil, CBA is not
commonly applied (Rosén et al., 2008).

Within the field of economic theory there are alwalisagreements concerning the
correct approach. Thus, the structure of the CBdc@ss has been designed in many
ways. However, the aim of a CBA is always the sgH@nley et al., 1993). It is to
calculate changes in public welfare, as the caststhe benefits for all people and
firms affected by the project (Rosén et al., 2008pnsequently, the essential
theoretical foundation of a CBA defines benefitsimmgeases in human well-being,
and costs as reduction in human well-being (Peatreg¢, 2006). According to Hanley
et al. (1993) the essential steps of a CBA arenatte same, including (1) defining
the project; (2) identifying impacts economicallglavant; (3) quantifying and
monetising impacts including summarizing calculasio and (4) sensitivity and
distributional analyses.

When identifying impacts being economically relevBearce et al. (2006) stress the
importance of identifying whose costs and benedits to consider. In order for
physical measures of impacts to be co-measurdigg,must be valuable in common
units. The common unit in CBA is money (Hanley ef £993). Various rules are
used when comparing costs and benefits. However, ctirrect criterion is, in
accordance with Pearce et al. (2006), to use thereeent value (NPV) rule. Pearce
et al. (2006) further underline the broad conclasamong researchers to be the same.
Discounting is a term applied in all welfare ecomcsncalculations. It means that
costs and benefits taking place in the future a@seodinted, using a specific interest
rate, to present time. In turn, all costs and h&nefe possible to compare with one
another (Rosén et al., 2008). The CBA simply deieesiwhether or not the sum of
the discounted benefits exceeds the sum of thewsed costs. If it does, the project
can be said to represent an efficient shift in ues®e allocation (Hanley et al., 1993).
Kelman (1981) draws the conclusion that when cotidg@an environmental CBA a
certain decision might be right even though itsdfiés do not outweigh its costs.
Hanley et al. (1993) further emphasise that efétiuld be put on determining the
time horizon, over which costs and benefits shdadddiscounted, when impacts are
being monetised. The reason for this being impoitathat different individuals have
different preferences concerning when they suffestc and when they receive
benefits.

Monetising is generally easier when costs and lsnedncern products and services
that are present at the market. It gets more camateldl if products and services are
not subject to business at a market, which is adltencase considering environmental
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and health related products and services (Roséh,e2008). Driesen (2006) argues
that estimating the magnitude of health effectsaliguequires a lot of guesswork to
extrapolate the estimation. Consequently, Hanlegl.gt1993) refer to these products
and services as externalities. They further staé these unpriced impacts are the
most important feature of an environmental CBA. dfxalities could be either
positive or negative. An example of a positive exaity could be a beautiful tree,
which no one is paying the owner to watch, and,tl@ contrary, a negative
externality could be acid rain. No one owns cleanthus the power station pays
nothing for polluting it (Hanley et al., 1993). Amding to Kelman (1981) there are
good reasons to oppose efforts to put monetaryegabn unpriced costs and benefits.

There are numerous critiques of CBA (Pearce et2@06). According to Driesen

(2006) CBA favours industry and disfavours healdafety, and environmental

protection. CBA is a tool that is of help for piigation between different

alternatives, and it is a procedure for obtaining@éased knowledge in a structured
way. On the other hand, a drawback is that thelteesuay seem to be more
informative than they really are. A consequencethi$ is overconfidence in the

results (Pearce et al.,, 2006). Hanley et al. (1998)clude that CBA is a useful

contribution to the decision-making process but thas not sufficient as a single

criterion.

The CBA method developed by Rosén et al. (2008 dmg only on remediation

projects, is more or less constructed in accordanitethe essential steps of a typical
CBA. It includes concrete examples of the costs la@defits commonly associated
with remediation projects, which aims at supportimg process of identifying impacts
economically relevant. Both costs and benefits hagen divided into three main
categories, respectively. See Table 2.1. Thereatmh main category is divided into
different sub-categories.

Table 2.1 Rosén et al. (2008) divided both costd benefits into three main
categories, respectively. Each category has sydtealls been
assigned with either C (Costs) or B (Benefits) anddditional figure.

Costs
C1 Performance costs of measures
C2 Negative effects on health due to measure
C3 Negative effects on eco-system services/goodsaoetsure

Benefits
B1 Increased land value
B2 Net impact on market-priced services/goods
B3 Net impact on non-market-priced services/goods

Cullen (2007) argues that the immediate and obwieason for most valuations is to
form the basis for rational decision. An importgirt of the CBA procedure is to
choose valuation methods to be able to quantify mwhetise certain costs and
benefits (Rosén et al.,, 2008). Many valuation meéshare included in the CBA
method by Rosén et al. (2008). Examples of fieldasered by the valuation
methods included are as follows: the benefits amgig reduced acute and non-acute
health risks; benefits from increased land valug] aosts regarding reduced eco-
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systems off-site. A benefit Rosén et al. (2008)swder specifically problematic to
express in monetary terms is increased land vallleen it comes to more specific
fields of valuation, such as increased access desgstem goods, valuation methods
are not included. For this thesis, valuing the davees has been an important part of
the CBA. Thus, finding appropriate appraisal tegaes has been included in the
work.

When discounting the monetised effects of costskemefits considering remediation
projects both SIKA and the Swedish EPA recommend a discount rat€/of #he
CBA method developed by Rosén et al. (2008) follthvs recommendation. On the
contrary, Stern (2006) recommends 1.4% as disc@iet Accordingly, Rosén et al.
(2008) recommend including this proposal by St@®06) in the sensitivity analysis.
Rosén et al. (2008) further advocates examininga®%ell.

Both Hanley et al. (19993) and Pearce et al. (20@ghlight the importance of

assessing the distributional effects of costs amkfits in society. Correspondingly,
Rosén et al. (2008) argue that it is crucial tdude a distributional analysis in order
to show if certain groups or people are affectedenty the outcome than others.

2.3 Monte Carlo ssimulation

Costs and benefits are rarely known with certaiityturn, this means that risk and
uncertainty have to be taken into account when eaimty a CBA (Hanley et al.,
1993). This is further stated by Pearce et al. §20@0ho conclude that many
calculations in a CBA must be considered highlyantain. Uncertainty is preferably
dealt with in terms of a sensitivity analysis (Reaet al., 2006). A sensitivity analysis
means studying changes in results when differenabigs and parameters take other
values than the most probable. Consequently, & feol that helps measuring the
robustness of the results (Rosén et al., 2008).

According to Guastaldi et al. (2012), Monte Carim@ation (MCS) is a preferable
approach to estimate uncertainties associated antfironmental problems. It is
further stated by Burgman (2005) that MCS is amrrofapplied approach to assess
uncertainty. The idea of MCS arose when peoplemgited to estimate probabilities
by following all chains of possibilities, which wasvery time consuming and difficult
task for all but the simplest cases. This problermed what became known as MCS
(Burgman, 2005). Many definitions of MCS have begwen (Elishakoff, 2003).
James (1980) defined it as “any technique makirgaigandom numbers to solve a
problem”, whereas Niederreiter (1992) defined it‘aswumerical method based on
random sampling”. Some researchers argue that MC& ipoor technique in
comparison to analytical methods. However, at preseéhe only universal
methodology appropriate to solve for both simpld practical problems is MCS. As
a result, MCS is performed whether or not an ar@lymethod is available, thus, it is
clear that more effort ought to be taken to devealop methodology of MCS for a
wider range of problems (Elishakoff, 2003). Accoglito Burgman (2005) a MCS
provides an additional possibility to justify a daon.

An important step conducting a MCS is to choose@pyate statistical distributions
of the likelihood of different uncertain scenaritus happen (Burgman, 2005). The

® The Swedish Institute of Communication Analysis. Statens institut for kommunikationsanalys in
Swedish.
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number of distributions applied within the field sfatistics is many. Three of the
most commonly applied basic distributions are gidar, lognormal, and discrete
uniform (Oracle, 2012). These distributions arevedlialised in Figure 2.1.

Triangular Lognomal Discrete Uniform
Figure 2.1  Three of the most basic statisticalrdisitions (Oracle, 2012).

The triangular distribution is commonly applied whie minimum, maximum, and
likeliest values are all known. It is a continuadistribution of probabilities. Three
different conditions are underlying the triangutistribution: the minimum value is
fixed; the maximum value is fixed; and the liketiesalue decreases at a point
between the minimum and the maximum values, forméngriangular shaped
distribution. The values near the minimum and maximvalues are less likely to
occur than the values close to the likeliest valliee lognormal distribution is
frequently applied when most of the values occar tlee minimum value; thus, when
values are positively skewed. It is a continuousbpbility distribution. The
parameters are mean and standard deviation. Loghatistribution is founded on
three different conditions: the uncertain varialglen increase without an upper
boundary, but is confined to a finite lower valdbe uncertain variable shows a
positively skewed distribution; and the naturaldothm of the uncertain variables
gives a normal curve. The discrete uniform distidou is a discrete probability
distribution. The parameters are minimum and marawvalue. The foundation of the
discrete uniform distribution includes three diéfiet conditions: the minimum value is
fixed; the maximum value is fixed; and all valuestieen the minimum and the
maximum are equally likely to occur (Burgman, 2005)

When distributions have been chosen for all unoextariables they are all combined
making up a forecast (Burgman, 2005). This has wemralised by Suter (1993), as
shown in Figure 2.2.

Roseén et al. (2008) discuss that many calculaiinasCBA are characterised by large
uncertainty. In accordance with this, Rosén e24l08) advocate to always perform a
sensitivity analysis. A sensitivity analysis can dmnducted with different levels of

both complexity and ambition. A simple way to idgnthe most uncertain variables

is by changing their values and observe how thalteeare affected. A more advanced
method is to make a statistical simulation whereeutain variables are described by
statistical distributions (Rosén et al., 2008). &ost al. (2008) mention MCS as a
commonly used simulation method. Remediation ptsjety typically be associated
with substantial uncertainties concerning, for regke, the investment costs, the
benefits of reduced health risks, and the effectspmperty values (Rosén et al.,
2008).
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Figure 2.2 Schematic representation of the commnabf uncertain variables
using Monte Carlo simulation (Suter, 1993). Thee&rcombined
distributions are normal, lognormal, and uniform.

24 Treeappraisal

Beyond social and aesthetic contributions, treeg leconomic values. Both public
and private trees can be assigned a monetary Y&luken, 2007). Cullen (1997)
defines value as the current worth of future besefde further states that trees
contribute to property values with 6 to 15%. Thdugaof large trees is not easily
established. At some point, a tree becomes to@ laydgoe practically replaced with
another. The most common and widely used methodsti#blishing the values of
large trees worldwide is through the use of formmiathods (Watson, 2002). In
Sweden it has also been a tradition to use forrmé#hods to appraise the value of
trees (Stjernberg, 2012). Two basic types of foemuhre used. The first type is
initiated by establishing a value based on the gizbe tree. Thus, it is assumed to be
a direct relationship between the cost of regianaisery stocks and the values of
larger trees. This value is adjusted for factorshsas location and condition. The
second type of formula methods applies a ratingesydor these factors, introducing
a monetary value at the end. With the second apbraaze is usually one of several
factors, which are equally weighted, and therefsize has less influence on the final
appraised value (Watson, 2002).

Each method has certain advantages and limitat@mssequently, the reliability and
appropriateness of each method can only be judygdight of the specific situation
(Cullen, 1997). According to Stjernberg (2012), afethe greatest problems with
formula methods is for people that are not famiwth the methodology to make an
interpretation of the results and use them. Stgnypk{2012) further advocates the
presence of overconfidence in the results as andtherback with formula methods.

In accordance with Watson (2002) not much has hméslished considering the
relative performance of different formula methodatson (2002) performed a
comparative research study on five different fomnaiethods: the Trunk Formula
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Method (TFM); Helliwell; the Standard Tree Evalwati Method; Norma; and
Burnley. One of his findings was that TFM and Hedlll always appraised the lowest
values. For many formula methods it is necessagstimnate the age of trees, which
generally is not an easy task. However, estimatigg is not necessary for some
methods. An example of such a method is TFM (Sherg, 2011). In accordance
with Cullen (1997) the TFM is a familiar and usedylpraisal tool.

The TFM may be the most widely employed formulahnodtfor appraising amenity
trees (Cullen, 1997). According to Watson (20023 tnethod has been used since
1951. However, since 1975, the Council of Tree &dscape Appraisers (CTLA),
has continuously revised the TFM and has publigeeral editions of an appraisal
guide. The 8 edition of theGuide for Plant Appraisaprovides information on how
to properly determine size, species, condition, lacdtion factors that influence the
value of trees. The method is based on the ar@aopbss-section of the tree trunk.
This value is then multiplied by a monetary val@e prea unit. Moreover, this value
is reduced by factors for species quality, conditiand location in the landscape
(Watson, 2002). The TFM has been criticised foresswtve differences between
appraisers (Abbot et al., 1991). The variation ofteaches values of 100 to 200% or
higher (Watson, 2001). Some of this variation sably due to subjective evaluation
by the appraiser of tree attributes (Watson, 200Ris is especially significant for the
factors considering condition and location, whi@vesal authors have argued to be
too subjective. Thus, the expertise and experiavfcéhe appraiser is important.
Species rating and price per square centimetreusiktarea are more objective
(Watson, 2001). Chadwick (1975) argues that vafoessery large trees often are
unrealistically high. He advocates the cross-seati@rea of the trunk, used as size
measurement, to be inappropriate as a foundatioafge tree appraisal. It is an
exponential calculation that increases rapidlyldoger trees (Chadwick, 1975).

In addition to the accepted and commonly used ftanmethods, a new method is
under development by Ostberg et al. (2012) at thed®h Agricultural University.
Due to the fact that many different valuation methare being applied today,
Sweden is suffering from a lack of legal precedeh each method. It was therefore
decided to develop a new national penalty methoieenity trees in Sweden to be
used in court cases and prevention work, for irtgamhen conducting construction
work in conjunction with trees (Ostberg et al., 2DIThe working paper by Ostberg
et al. (2012) is in Swedish and therefore thegetso official name for the method in
English. However, if translated word by word, therking title is the model for
Monetary Valuation of Urban Treg$MVUT). Two important aspects that have been
highly prioritised developing the MVUT have been develop the method not to
overestimate the value of the tree, and moreowemake the method provide an
appraised value reflecting the market value ofttee (Ostberg et al., 2012).

°The working title of the method in Swedish is "Modellen fér ekonomisk virdering av urbana tréd”.
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3 Case Study at Beckholmen

3.1 General information

Beckholmen is situated just south of the islandpfrgarden in the eastern parts of
Stockholm’s city centre. The topography varies; #hevation of the outer parts of
Beckholmen is close to the sea level, whereas teengspace in the middle of the
islet is significantly more elevated. Two propesteze located at the green space, one
in the northern end, and the other in the middlepresent one family lives in each
property, respectively (Sweco, 2011c). The NatidPaiperty Board Swedé&his the
owner of both the land and the properties at tleemgyrspace (SFV, 2012). In Figure
3.1 an overview of Beckholmen is presented.

Beckholmen is regarded as a historical monumenatibnal interest. By its location,
it forms part of the National City Park, an area tb& harbour of Stockholm,
containing maritime environments of historical net&. After the remediation the
green space is supposed to serve as a shortemgaliail for the public, both for
purposes of recreation and for cultural heritage mentioned in Chapter 1, the main
aim of the remediation of Beckholmen was to redtlee substantial leaching of
contaminants to Saltsjon, and moreover, it was aistivated for reducing health
risks (Sweco, 2011a)

—

Figure 3.1  Aerial photo of Beckholmen, which is iglet in the lower part of the
photo. In the upper part of the photo one can dee island of
Djurgarden. The black line marks the border of theen space
(Sweco, 2011a).

% statens fastighetsverk in Swedish.
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3.2 Contamination

The contaminants at Beckholmen mainly originatenfrasage of wood tar, which
started during the i7century, and from three shipbuilding yards datiagk to the
early 18" century (Sweco, 2011a). During the main studyhef green space, which
was made by Sweco (2011c), three different originsontaminants were identified:
landfill materials; airborne materials; and firebds. The landfill material mainly
consisted of lead, mercury, copper, arsenic, zimd¢ BAH. On the contrary, the
airborne materials were represented by differerdll® contaminants, mainly
consisting of lead. The fire debris can probablydesived from two fires, which
ravaged the islet in the past, although anotheoghil® source of origin could be the
process of tar incineration. The main contaminatfoom the fires, or the tar
incineration, is PAH (Sweco, 2011c). According teve$o (2011a) lead and PAH
were regarded as the most crucial contaminantdaenirsg the present land use at the
green space. In Figure 3.2 an overview of the coimants at the green space before
the remediation are presented (Sweco, 2011c).

Figure 3.2 The classification has been made in setamoce with the generic
guidelines for contaminated sites developed bySvedish EPA (NV,
2009). The coloured dots show the maximum value thef
contamination with the highest value for each lamata sample has
been made. KM means sensitive land use, MKM nleassensitive
land use, and FA stands for hazardous waste. Tifereint colours are
defined as follows: green is under KM; blue is kedw KM and MKM,;
yellow is between MKM and 2 MKM; orange is betw2éeviKM and 5
MKM; red is between 5 MKM and FA; and purple is ebd-A.
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3.3 Reference and remediation alter natives

The first step of the CBA method by Rosén et a)0@ is to define reference and
remediation alternatives. One reference alternaive two remediation alternatives
have been defined. The main remediation alternativahis thesis is VE. The
secondary alternative is D&D and has mainly beetuged for comparison.

3.3.1 Referencealternative

In accordance with Rosén et al. (2008) a referatteenative must be defined when
conducting a CBA. Here, a null-alternative has beleosen as reference alternative
implicating that no remediation action would haweeib taken at the green space. As
mentioned in Section 1.1, 46 trees were presentha@tgreen space before the
remediation. Some of these trees were taken dowause they were standing in
contaminated soil or were in very bad conditionorfrthis, these trees were
considered worthless in the reference alternakuethermore, the 23 trees that were
saved were also considered of no value before @heediation. This simplification
rests upon the idea that these trees were growiogritaminated soil. A tree growing
in contaminated soil is not possible to purchase atursery garden. Thus, trees
affected by contamination are not present at thekebaand therefore, the trees were
assumed to have no market values.

3.3.2 Vacuum excavation

As mentioned in Chapter 1, the remediation stratggylied at the green space was
VE, which was chosen with the aim to save as maegstas possible. The VE
alternative has been evaluated for two differerdesa with the only difference
between the cases being the benefit associatedivatbaved trees. The TFM and the
MVUT method, which were presented in Chapter 2 ehaoth been used for valuing
the benefit of saved trees, separately. Thuswbecases of the VE alternative will be
referred to as VE TFM and VE MVUT.

To be able to save a tree VE is necessary witmadaus of 2-5 metres around a tree,
depending on the expansion of its roots (VIOS A&LD). Due to the high density of

trees VE was applied for the entire green space.ngtural environment has adapted
well to the local contaminant conditions at Beckheh. Therefore, the generic

environmental guideline values, set by the Swedi$A, were not considered

appropriate at the green space. Instead, mainlyhhleased guideline values, also set
by the Swedish EPA, have been used for the remediait some locations the level

of contamination was well above the health-basaedejue values. Therefore, some
trees, that were not considered valuable enougle va&en down. On the contrary,

certain trees considered more valuable, also stgnoi soil contaminated above

health-based guideline values, were saved. Foettiess site specific environmental
guideline values were accepted by the Swedish BHPW. reason why site-specific

guideline values had to be used was because tkeofisexcavation measures

damaging the trees would have been too high ifaill would have been excavated
(Sweco, 2011c).

The soil was first loosened by air pressure usingpa installed on a light weight
excavator. To get a significant pressure a compressn by diesel with an air
capacity of 8,600 cubic metres per hour was usedenMoosened, the soil was
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removed using a vacuum excavating nozzle, which watalled onto another
excavator. Soil consisting of stiff and dry clay teréals had to be moist before
loosened by air pressure. When excavated, thensdérial went through a hose until
it reached the cyclone, where the majority of tbé materials ended up. On the
contrary, some fine material went with the air flall the way to the compressor.
Finally, the excavated soil material was transmbttea deposit in L6t, located in the
outskirts of Stockholm (VIOS AB, 2011). Figure 3sBows a sketch of the VE
process applied at the green space.

= M| .

u]L

L ji 00000000 b Jﬂ,‘

Figure 3.3 A sketch showing the methodology ofvl®ium excavation used at
the green space. On the left hand side in the égame can see the
excavator. A vacuum excavation nozzle is instatledhe excavator.
When excavated, 99% of the soil ends up in theowgcin the upper
part of the figure. To the right one can see thenpressor $weco,
2011c).

3.3.3 Dig-and-dump

For the D&D alternative it is assumed that all soahd benefits identified are the
same as for VE, although with one important excepti the costs and benefits
associated with the trees. In turn, this aims aphasising the most important
differences between the two remediation methods; i) the ability of saving the
trees. If D&D had been applied, all trees would éhdeen taken down due to the
working procedure of this methodology. Thus, thed§i of saving the trees would
have been non-existing for D&D. On the other hahé, financial costs would have
been lower due to the fact that D&D is a relativelyeap remediation method in
comparison with VE. This remediation alternativeswanosen because the method
was used at the outer parts of Beckholmen, and hke$f would have been applied
if the VE method would not have been used. Alsanastioned in Chapter 1, D&D is
the most commonly applied remediation method in d&me This is another reason
why it is interesting to compare its performanckatiee to the performance of a
remediation method such as VE.
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4 M ethod

The CBA method developed by Rosén et al. (2008)fige step procedure including
(1) definition of reference and remediation altéires; (2) identification of costs and
benefits; (3) quantification of costs and benefify; calculations; and (5) sensitivity
and distributional analyses. A flowchart of thegedure is presented in Figure 4.1.

rgglzlr?cc;na?:j Identification Quantification Sensitivity and
S of costs and of costs and Calculations distributional
remediation . .
. benefits benefits analyses
alternatives

Figure 4.1 Flowchart of the procedure of the CBAhod.

When the CBA was initiated the essential first stepefinition of reference and
remediation alternatives — was to select an ap@@preference alternative, and
moreover, to define different remediation altewedi for comparison with the
reference alternative as seen in Seclith

The aim of the second step - identification of samtd benefits — is to qualitatively
identify all positive and negative consequenceso@sated with the remediation

project. The identification process was supportgccdnsidering the common costs
and benefits, associated with remediation projedentified by Rosén et al. (2008).

Both costs and benefits are divided into three nwaitegories, respectively. Each
main category is then divided into different subegaries. Each sub-category has
been assigned with a certain level of importanceagimportance; important; and no
importance.

The third step — quantification of costs and beagsefi considers finding appropriate
valuation methods for as many costs and benefip@ssible, and then, monetise each
cost and benefit separately. Most valuation methwse been chosen according to
Rosén et al. (2008). Considering the benefit ofirgpwrees, a literature study was
conducted in order to find appropriate methods, andsequently two different
valuating methods were chosen. The reason why tethads were chosen was to
emphasise the large range of results that differahtating methods generate, while
appraising the same set of trees. Not all consegsewere possible to quantify.
Nevertheless, it is important to include these a#,vnowever without a monetary
figure. The size and relative importance of thesemuences are discussed in Chapter
6. It is also discussed why these were difficultrtonetise. The methodology of all
the applied valuation methods is explained in $esté4.1- 4.2.

In the fourth step — calculations — the sum ofnatinetised costs and benefits were
calculated for the remediation alternatives. Thesweg NPVs where the sum of all
discounted benefits where subtracted by the suafi dfscounted costs.

In the last step — sensitivity and distributionablyses - a robustness check of the
CBA results was conducted in terms of a sensitiartglysis. The methodology of this
analysis is presented in Section 4.3. Furthermedistributional analysis of all costs
and benefits was performed. The approach of thayais is explained in Section 4.4.

CHALMERS, Civil and Environmental Engineerindlaster’s Thesis 2012:167 15



4.1 Valuation of costs

4.1.1 Performing the measure

All bills related to the remediation measures takethe green space were provided
by Sweco. Two different contractors were procurgthsell AB and NCC AB. For
consulting services regarding the trees a firmedalVIOS AB was signed. SITA
Sweden AB (SITA) was responsible for transports disgosal of soil materials. The
costs for performing the remediation measures delseveral operations: VE; the
purchase of new refill material; removing and clmgptrees; transports of land
masses to deposit, and fees for depositing. Costprbject management performed
by Sweco are included as well. Apparently themeoislocumentation available for the
latter costs; however, the main project manageBvaeco, Egelstif, was able to
contribute with an assumption about these cosbet0.4 MSEK. The same principle
applies for the SITA costs. The bills consideringnsports and deposit have been
invoiced for all of Beckholmen. Thus the precisaarghof costs that should be
assigned to the green space is missing. Eg&istigs able to make an assumption
about this proportion to be 7.5%. Consequently, caléts could be added and
compiled.

The costs of the remediation alternative D&D weadcalated with a simplifying
assumption. It was assumed that the same volumsoibfmaterials, which was
removed by VE, instead would have been remediayeD&D. Thus, the number of
tons excavated by VE at the green space was meittijly the mean costs per ton
from the D&D conducted at the outer parts of Bed¢ktem. The total number of tons
transported to and from Beckholmen has been sumethin a document by SITA.
Thus, the precise share of tons belonging to thergspace was not known. However,
Egelstig® estimated that 10% of the weight ought to be assigo the green space.
This estimation made it possible to calculate tl@mcosts per ton using D&D. Total
costs for all of Beckholmen at a certain date wddracted by the total financial costs
at the green space at the same date, and theigthis was divided by the number of
tons remediated by D&D.

The costs for performing the measure have not besmounted due to its appearance
in time. All data regarding costs performing theasigre are presented in Appendix A.

4.1.2 Conducting and performing a control program

The control program has been conducted by Swecuos,Tinvoiced bills for these
measures were obtained from Sweco. Consequentlycosts were added and
compiled. All data regarding costs for conductimgl gerforming a control program
are presented in Appendix A.

4.1.3 Reduced accessto eco-system services and goods off-site

These calculations concern emissions related tspiats of soil materials to and
from the green space, and have been performed dordance with Rosén et al.

" Christer Egelstig (Project manager, Sweco) discussing with the author on the 25" of September
2012.
* Ibid.
" Ibid.
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(2008). Different data was needed for the calonitesti As mentioned in Section 4.1.1,
the share of tons belonging to the green spacepwgmsed by Egelstig. This figure
was also necessary for the calculations associaithdthe transport emissions. The
distance between Beckholmen and the deposit inwa# given by Eniro (2012).
According to SIKA (2005) the costs of G@missions is 1.5 SEK/kilo, whereas the
costs of local effects of NOs 49 SEK/kilo. Egelstitff argues that the trucks, which
have been used for the transports to and from ¢ipegit, were of type city trailers.
Moreover, Egelstif made the assumption that the mean value of loadryek was
10 tons. In accordance with Rosén et al. (2008uektwith this load incinerates 0.4
liters of diesel per kilometre. The amount of O®leased per liter incinerated diesel
is 2.5 kilos, whereas the amount of N 5 grams (Rosén et al., 2008). The number
of round-trips back and forth to the deposit hasnbealculated by dividing the total
amount of tons transported by the capacity of thekt In turn, this made it possible
to calculate the total number of kilometres, ane thtal amount of liters of diesel
incinerated. The total costs were then calculatgdnbltiplying kilos of emissions
with costs per kilo.

The costs for emissions have not been discountedt@uts present appearance in
time. Other emissions have been assumed to benifisggnt in comparison with CO
and NQ, and therefore neglected in the calculations. @&llculations regarding
reduced access to eco-system services and goodgeofire presented in Appendix
A.

4.2 Valuation of benefits

421 Reduced acute health risks

Arsenic is a contamination considered as an acedétthrisk to humans (Liljelind et
al., 2008). Field and laboratory tests of shallamt samples, conducted by Sweco
(2011b), show a very high level of arsenic at theeg space. Most samples are
collected less than 1 metre below the ground seyfadereas some samples are
collected at greater depths.

The benefit from the reduced acute health risks s@dsulated according to Rosén et
al. (2008). It was a three step procedure includigcalculation of the concentration
of arsenic Cag) for which acute-toxic effects are probable towg¢2) calculation of
the probability of the amount of arsenic in a ramdgample to exceedae both before
and after the remediation; and (3) put a monetatyeson the benefit in terms of a
NPV.

First, the concentration of arsenic [mg/kilo], f@hich acute-toxic effects are probable
to occur, was calculated in accordance with eqogdal):

ARV * m_y;
CAE — child (4'1)

Mintake

“ Christer Egelstig (Project manager, Sweco) discussing with the author on the 25" of September
2012.
* Ibid.
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where ARV is the fatal reference dose for acute-toxic effdatg/kilo body mass];
Mehiig IS the weight of a child [kilo] exposed to the caminant; andmnke IS the
amount of soil intake [kilo] at one occasion (Rosdmal., 2008) ARV was set to 1
mg/kilo (White, 1999). In accordance with Norrmarae (2009)mgniqg was set to 15
kilos, andmytake Was assigned with a value of 5 grams.

Second, the probability for the amount of arsenie@xceed the calculated value of
Cae Was calculated. In total 693 soil samples have lesaluated regarding its arsenic
content (Sweco, 2011b). In accordance with Norrmiaal. (2009) the samples were
assumed to be lognormally distributed. Next, @ value, the mean value of the
sample, and the standard deviation of the sample walculated on the log scale.
Consequently, the probability for the level of aiseat a random point to be above
the Cae value was calculated with the normal distributioaommand in Excel
(Norrman et al., 2009). This was initially condutfer the sample values before the
remediation. Afterwards, the sample values wereiged by 73% and the procedure
could be repeated. The reduction factor was mad/aty the fact that the amount of
arsenic was reduced by 73% as a mean value fantive green space because of the
remediation (Kungliga Djurgardsfoérvaltningen, 201Thus, the probability for a
random sample of soil to exceéhe both before and after the remediation was
determined.

Last, a NPV was computed for the reduced acutetthemks. As a first step, the
number of children between 0-2 years old livinghegt green space was identified as
zero, and the number of children between 5-7 yeiai8ng the green spac€) per
day was estimated to 2. Calabrese et al. (199 bstimated that the probability that
a child between 5-7 years will eat soil is 0.027By. this, the number of children
likely to eat soil from the green space could dewated. Hence, the probability of a
child to eat soil containing arsenic could be clamd both before and after the
remediation. By multiplying the risk reduction withe value of a statistical life, a
monetary benefit per yeaMBa) was achieved. The value of a statistical lifeain
traffic accident is 21 million SEK (MSEK) (SIKA, 29@). However, SIKA (2009)
recommends a doubling of this value for environraenglated accidents; thus, the
value of a statistical lifeSL) is considered to be 42 MSEK. Next, recommended by
Rosén et al. (2008), was to discount kg, for a time horizont] of 10 years with a
discount rater( of 4%. This was made according to equation (4.2):

1
NPV = D Ty M (4.2

All figures associated with the valuation of thedueed acute health risks are
presented in Appendix B.

4.2.2 Reduced non-acute health risks

As mentioned in Chapter 3, lead and PAH were reghrds the most crucial
contaminants before the remediation consideringpitesent land use at the green
space. Consequently, both lead and PAH are caremodTIEM, 2005). Thus, the
non-acute health risks were assumed to be govemgdy these contaminants.
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The calculation of the benefit from the reduced-aounte health risks was a three step
procedure including (1) calculations of risk leveksfore and after the remediation;
(2) computation of annual monetary benefits dueadduced risk levels; and (3)
calculation of a NPV by discounting the annual bignie

First, the magnitudes of the risk levels were daled. Rosén et al. (2008) use two
different methods calculating these values; oné¢heySwedish EPA, and one by the
U.S. EPA. In accordance with Norrntdnhe latter methodology was chosen for this
thesis. This methodology is implemented in Spaialysis and Decision Assistance
(SADA), a software including a module for human Itteaisk assessment (TIEM,
2005). As a first step, sample data collected bye@w(2011b) was imported in
SADA. For lead, 811 samples were available and nepo whereas 705 samples
were available and imported for PAH-H. The majoriy these samples were
collected between ground surface and two metrethdelowever, all depths were set
to zero in SADA for practical reasons. The sameqipal goes for the coordinates.
All samples are collected at certain coordinatesydver, new squared areas were set
up where the distance between all samples was ahe.slt is not clarified what
specific sub-categories the lead and PAH-H samgbesider. Therefore, the choice
of which contaminants to register as lead and PAHrb the toxilogical database
implemented in SADA, was based on which type isrttest commonly occurring.
Lead is represented by Pb-205, whereas PAH-H isesepted by Benzo[a]pyrene.
Site-specific data was used in the SADA model. Bxpe ways were set to ingestion,
inhalation, and external effects for lead, wheregternal effects were replaced by
dermal contact for PAH-H. According to Rosén e{2008) it is reasonable to use the
weighted arithmetic mean value as a foundatiortfernon-acute health risk; hence,
this recommendation was followedIEM (2005) can be consulted for further
information on the general methodology using SAD¥hen the risk levels had been
calculated before the remediatidRs) the same procedure was repeated for the risk
levels after the remediatiofR{). This was performed multiplying the sample values
before the remediation by the size of the reduatibcontaminants. Lead was reduced
by 73%, whereas PAH-H was reduced with 78% (Kurmgjurgardsforvaltningen,
2011).

Second, the annual monetary benefits from reducedacute risk levelsB;) were
calculated according to equation (4.3):

Roxn R,*n
Br=( Bt — At )*VSL*PM (4.3)

wheren is the number of people living at the green sparsethe duration of exposure
for those living at the green spad£SL stands for value of statistical life; afg; is

the probability of death from cancer. An assumpti@as made about the sizeroto

be six adults. It was assumed that people do weti the same place their entire life,
which resulted in the assumptiontdb be 30 years. Also mentioned in Section 4.2.1,
VSLis equal to 42 MSEK. The probability of dying frotancer is of course lower
than the risk of developing cancer (Rosén et @082 According to Cancerfonden

1 Jenny Norrman (Assistant Professor, Chalmers University of Technology) discussing with the author
on the 4" of October 2012.
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(2009) the overall probability of dying from cancer approximately 40%. As a
simplification, Py was assigned with the same value. However, itlghlo@ noticed
that the most common types of cancer associatell le@td are stomach and lung
cancer, whereas the most common kinds of canceciassd with PAH are lung,
bladder and skin cancer (Liljelind et al., 2008).

Last, the annual monetary benefits were discouoted a certain period of time. It
was assumed reasonable that the benefit of theceddhealth risks should be
discounted over a period of approximately two gatiens, or 70 years, with a
discount rate of 4%. This was conducted in accareavith equation (4.2).

All figures associated with the valuation of thelueed non-acute health risks are
presented in Appendix B.

4.2.3 Increased accessto eco-system goods using the TFM

The TFM is a two-part calculation including (1) eehination of basic value; and (2)
calculation of appraised value.

First, the basic values were computed in accordafitteequation (4.4):

Basic value = RC + [BP + (TA, — TA,)] (4.4)

where RC is the replacement cost of an average tree inréggon, including
installation costsBP is the basic price, which is the cost per squargimetre of the
trunk area of the replacement tr@d, is the trunk area of the appraised tree; BAd

is the area of the trunk of the replacement tree @er Hoeven, 2000). To be able to
calculateRC and BP, secondary data considering market prices wasigedvby
Johan Ostberg at the Swedish Agricultural Univgysithich had been collected from
six nursery-gardens: Lorenz von Ehren; Bruns; EjginSplendor Plant; Ténnersjo
nursery garden; and Hallbergs nursery garden. €placement tree available at the
nursery gardens with the trunk area closest tatha of the appraised tree has been
used for each appraised tree, respectively. Meduesdor all nursery gardens for
both RC and BP have been calculated. F&A, primary data in terms of perimeter
were collected for all trees at the site. This wagied out by measuring each tree
trunk at a height of one metre above ground surfébese figures were then used to
calculate the trunk area of each tree (CTLA, 2000).

Second, the appraised values were calculated esngtion (4.5):

Appraised value = Basic value * CR x LR * SR (4.5)

whereCRis a Condition Rating;R is a Location Rating; an8iRis a Species Rating.
To assign a tree with these ratings an expertaa &ppraisal is required (van der
Hoeven, 2000). For this the<iR LR, andSRwere all collected in cooperation with a
tree consultant called Orjan Stal from the firm BI@B. Orjan Stal also assisted in
determining the species of each tree.

For theCR a scoring system was used to rate five differantdrs F). The factors
Roots, Trunk, and Scaffold Branches were rated wdthsideration to both structure
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(S and healthH), whereas the factors Small Branches and Twigs Fatiage and/or
Buds were only rated with consideration to hedthch of these factors was rated
with consideration to the different properties show Table 4.1. The range of the
scoring system stretches from3/&k4, where each figure equals a certain degree of
problems: 1 equals extreme problems, 2 equals nmalems, 3 equals minor
problems, and 4 equals no apparent problems. Tthediom of all factorsTF) then
took a value within the range 8&<32. This value was divided by the figure 32.
Thus, a value within the range 0%WR<100% could be assigned to each tree,
respectively. AlICRshave been performed following CTLA (2000).

Table 4.1 For the Condition Rating a scoring systems used to rate five
different factors. Each of these factors was ratgith consideration to
different properties.

Factors Properties

Roots Root anchorage, Collar soundness, Mechanjoay,
Girdling roots, Waterlogged roots, Toxic gases,
Presence of insects or disease, Fungus

Trunk Sound bark and wood, Cavities, Mechanicdiror
injury, Cracks, Swollen or sunken areas, Presehce p
insects or disease, Conks

Scaffold Branches Strong attachments, Smaller diemtiean trunk where
attached, Vertical branch distribution, Free ofuded
bark, Free of decay and cavities, Well pruned, €rop
taper, Wound closure, Deadwood of fire injury, lrise)
or disease

Small Branches and Twigs Vigor of current shootg|IMfistributed through
canopy, Appearance of buds, Presence of insects @
disease, Presence of weak or dead twigs

=

Foliage and/or Buds Size of foliage/buds, Coloratbfoliage, Nutrient
status, Herbicide/Chemcial/Pollution injury, Wilted
dead leaves, Dry buds, Presence of insects orsdaiseT

The LR adjustments consider whether, and how, physicalradteristics of the
appraised tree are likely to be enjoyed or expeddn(Cullen, 1997). Th&R
calculation is the average of three sub-factorge, stontribution; and placement
(CTLA, 2000). These sub-factorsSK) were all assigned within the range
0%<SK<100%. The values were then added together andetiViby the figure three
giving a finalLR for each tree between 0%R<100%. The value of a specific site
rating is expressed by its relative market valuthmwithe area in which the site is
located. The contribution rating includes factotgls as functional and aesthetic
contributions of the tree. These benefits are &dftbdy plant size, shape, branch
structure, foliage density, and distribution. THacement rating is considering how
effective the tree is in providing its functionaddhaesthetic attributes. The sub-factor
ratings were made in accordance with the followpegcentage system: very low 10-
59; low 60-69; average 70-79; high 80-89; and yegh 90-100. AlILR adjustments
have been performed following CTLA (2000).
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The SRadjustments consider species related attributels asi growth characteristics,
maintenance requirements, and aesthetics (Cull@d)2 In the same way as the
above ratings SR was also rated in percentage according to ®R200%. An
indigenous, native tree tolerant of a site’s enwment can be assigned wittS& of
100% (CTLA, 2000).

In Appendix C a map showing the locations of tleesris exhibited. Further detailed
templates on all figures are also presented.

4.2.4 Increased accessto eco-system goodsusing MVUT

The MVUT is a two-part calculation including (1)tdemination of basic value; and
(2) calculation of appraised value. These caloitesti have been performed in
accordance with Ostberg et al. (2012).

First, the basic values were computed accordiragjt@tion (4.6):

Basic value = TA, * BP;3 (4.6)

whereTA is the trunk area of the appraised tree; BRg; is price/area for a nursery
garden tree with the area 13 square centimetresalbolateBP,; a mean value for
each species was calculated using data from thegigery gardens mentioned in
Section 4.2.3.

Second, the appraised values were calculated tlsgnigvo equations (4.7) and (4.8):

XD+V (4.7)
16

REdv ==

4.8
Appraised value = Basic value * RE;, (4.8)

whereREyy is a reduction factor computed adding the sumiafaanagesX D) with
vitality (V) and then dividing the sum by 16, which providdgyare in percentage. In
cooperation with Orjan Stal at VIOS Afimary data considering damage at crown,
trunk, and roots was collected at the site for etiele, respectively. This was
performed in accordance with Ostberg et al. (20C2ywn, trunk, and roots were all
rated within the range 1-4, where each figure spweds to the following system: 1
equals very difficult damage; 2 equals difficulitige; 3 equals minor damage; and 4
equals no damage/ was given multiplyingCR with the figure four. Last, an
appraised value for each tree could be computediptyihg the basic value with the
reduction factor.

A map showing the locations of the trees is exaiin Appendix C. Further detailed
templates on all figures are also presented.
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4.3 Senditivity analysis

It is recommended by Rosén et al. (2008) to perfaisensitivity analysis, but it is not

specified what methodology to use. As describeGhapter 2, MCS is emphasised as
one possible approach conducting a sensitivityyamalHence, this methodology was
chosen for this thesis. The spreadsheet-basedcapphi Oracle Crystal Ball was used
for the MCS.

The MCS conducted was a four-step procedure inotudil) identification of
uncertain variables; (2) determination of apprdpristatistical distributions for the
uncertain variables; (3) computation of statistaigtributions of the calculated results
using Oracle Crystal Ball; and (4) examinationlod sensitivity of different discount
rates on the statistical distributions.

First, the uncertain variables were identified.sSTWas done by revising all monetised
values, and by doing so, determine which varialtheg ought preferably to be
included in the MCS. Second, appropriate distrdngi were chosen for each
uncertain variable, respectively. This was condilicia accordance with the
theoretical presentation of statistical distribondoin Chapter 2. The range of
uncertainty has been based on the estimated mdgnibfi uncertainty of each
assumption, separately. Third, assumptions andcdstse were defined in Oracle
Crystal Ball. Consequently, the simulation was 000 times. Finally, when the
MCS had been completed, the sensitivity of eacherkation alternative was
examined with respect to different discount rafes mentioned in Chapter 2, Rosén
et al. (2008) recommend a discount rate of 4%. HeweRosén et al. (2008) also
recommend examining both 1.4% and 0% in the seitgianalysis. Thus, these two
additional percentages were examined for bothdheediation alternatives.

4.4  Distributional analysis

As mentioned in Chapter 2, Rosén et al. (2008) memend to always include an
analysis of the distributional effects of costs drehefits in society. However, no
methodology for this analysis is neither recommender mentioned in the CBA
method. On the other hand, Rosén et al. (2008} tef8oardman et al. (2001) and
Mattsson (1988) for a review of different methodaikable to highlight distributional
effects. Consequently, Rosérclaims that it is both difficult and time-consumito
conduct a detailed distribution analysis, but ipieferable to at the least make a brief
estimation about the effects. Looking deeper ifte available methods has been
considered to be beyond the scope of this thessedd the achieved results from the
remaining CBA study, in conjunction with projectsasiated material provided by
Sweco, are discussed at the end of Chapter 6 asefaditernative to a detailed
distributional analysis.

' Lars Rosén (Professor, Chalmers University of Technology) discussing with the author on the 25" of
September 2012.
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5 Results of the Cost-Benefit Analysis
5.1 Identification of costs and benefits

Costs for investigation and framing of measuresalCdnd costs for purchasing of
concession (Clb) are both included in the costgp@forming the measure (C1d).
Therefore, both Cla and Cl1b are assigned with npoitance. On the other hand,
C1d must be considered of great importance duts ikelihood of constituting most
of the financial costs associated with the remeahatproject. According to
Soderquist®, costs associated with default returns due toddakp capital (Clc)
should be regarded of no importance for this ca&3ests for conducting and
performing a control program (Cle) are considengplortant because of the normally
extensive content of such a program. Projects (6Hg$) are regarded as included in
C1d because the CBA was carried out after the reatied, and therefore, C1f is
considered of no importance. According to Kronbtgere have been no accidents
associated with the remediation or traffic relatedat the green space. Therefore,
increased health risks due to measure on site (@Rd)increased health risks due to
transports associated with measures (C2b), havedm#n considered not important.
All identified costs are presented in Table 5.1.

Table 5.1 The costs associated with the remediatidhe green space have been
identified within three main categories: performanmosts of measure
(C1); negative effects on health due to measure);(@2d negative
effects on eco-system services and goods due teuneefC3). Each
sub-category of costs has been assigned with aainefevel of
importance, where “X” equals great importance, “(X)equals
important, and “0” equals no importance.

Costs Importance
X' "(X)"; "0"
C1 Performance costs of measure
Cla Costs for investigation and framing of measures 0
Clb Costs for purchasing of concessions 0
Clc Costs associated with default returns due to locked-up capital 0
Cld Costs for performing the measure X
Cle Cost for conducting and performing a control program (X)
Cif Project risks 0
C2 Negative effects on health due to measure
C2a Increased health risks due to measure on the site 0
C2b Increased health risks due to transports associated with measures 0
C2c Increased health risks at depositing site 0
C3 Negative effects on eco-system services/goods due to measure
C3a Reduced access to eco-system services/goods on site 0
C3b Reduced access to eco-system services/goods off-site (X)
C3c Reduced access to eco-system services/goods at the depositing site 0

® Tore Soédergvist (Consultant, Enveco) discussing with the author on the 14™ of December 2012.
 Hans Kronberg (Project manager, Sweco) discussing with the author on the 1" of October 2012.
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Consequently, increased health risks at depossiteg(C2c) have been considered of
no importance due to the assumption that a deoaitcontrolled and restricted area
managed by experienced employees. Reduced accessoisystem services and
goods on site (C3a) is regarded as non-existent taackfore assigned with no
importance. On the contrary, reduced access tegstem services and goods off-site
(C3b) have been considered important because ohelative effects of transport
emissions. A deposit is made for contaminated soidl its personnel are assumed to
possess the knowledge for treating it well. Thuegjuced access to eco-system
services and goods at the depositing site (C3cpbas assigned with no importance.

The increased land value (Bla) is often a largetietue to a remediation, especially
when the land is aimed for the development of newsing, although, this is not the
case at the green space. Thus, the Bla was cawsider be important. It is

recommended by Rosén et al. (2008) not to inclutereased land value at
surrounding real estates (Blb) when including mepact on non-market-priced
services and goods (B3). Therefore, the B1lb has bessidered of no importance.
All identified benefits are presented in Table 5.2.

Table 5.2 The benefits associated with the remiediadf the green space have
been identified within three main categories: iraged land value (B1);
net impact on market-priced services and goods;(B&) net impact
on non-market-priced services and goods (B3). Eadh-category of
costs has been assigned with a level of importanbere “X” equals
great importance, “(X)” equals important, and “0” quals no

importance.
Benefits Importance
"X (X)" 0"

B1 Increased land value
Bla Increased land value (X)
Blb Increased land value at surrounding real estates 0
B2 Net impact on market-priced services/goods
B2a Increased possibility for more profitable production of services/goods
B2aa Production with lower costs, better quality and higher returns 0
B2ab Less business restrictions 0
B2ac Increased business trust 0
B2ad Less legal responsibility 0
B2ae Better working environment 0
B3 Net impact on non-market-priced services/goods
B3a Reduced health risks
B3aa Reduced acute health risks X
B3ab Reduced non-acute health risks X
B3b Increased access to eco-system services/goods
B3ba Increased possibilities for recreation within the site X
B3bb Increased possibilities for recreation in the surrounding area 0
B3bc Increased access to other eco-system services/goods X
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In accordance with Rosén et al. (2008) net imparct@arket-priced services and
goods (B2) are all considered to be included in,Biral therefore, all items in B2
have been assigned with no importante. reduce health risks have been a main
target of the project. From this, both reduced ehealth risks (B3aa), and reduced
non-acute health risks (B3ab) have been considesebde of great importance.
Another main purpose of the remediation project lbesn to make the green space
more attractive and more available in terms ofgation. Thus, increased possibilities
for recreation within the site (B3ba) must be cdastd to be of great importance. On
the other hand, increased possibilities for reaaain the surrounding area (B3bb)
are considered to be of no importance. The suriogndrea cannot be directly
considered as a better environment for recreatientd the remediation of the green
space. The driving force behind using VE was toestees. Therefore, increased
access to other eco-system services and goods )YBalcbeen considered to be of
great importance as well. Another reason whichrdmuntes to the great importance of
B3bc is the reduced leaking of contaminants tosfadt

5.2 Quantification of costs and benefits

Costs for performing the measure (C1d) have beeamretised for both the remediation
alternatives, respectively. Consequently, costsbfith conducting and performing a
control program (Cle) and reduced access to edersyservices and goods off-site
(C3b) were monetised as well. See Table 5.3.

Table 5.3 The costs associated with the remedidtiave been quantified and

monetised.
VE VE
Costs TFM |mvuT | PEP
MSEK

Cl Performance costs of measures
C12 Costs for investigation and framing of measures 00 0
C1b Costs for purchasing of concessions D 0
Cl1c Costs associated with default returns due to lockedapital 0 0 0
C1d Costs for performing the measure 24.828.878|12.060
Cle Cost for conducting and performing a control progra 1.344| 1.344| 1.344
C1f Project risks 0 0 0
C2 Negative effects on health due to measure
C2a Increased health risks due to measure on the site 0 0 0
C2b Increased health risks due to transports assoamrthdneasures 0 0 0
C2c Increased health risks at depositing site D D
C3 Negative effects on eco-system services/gooegsalmeasure
C3a Reduced access to eco-system services/goods on site 0 0 0
C3b Reduced access to eco-system services/goods eff-sit 0.113|] 0.113 0.11
C3c Reduced access to eco-system services/goods @ephsiting site 0 0 0

26 CHALMERS, Civil and Environmental Engineerindlaster’s Thesis 2012:167



The two different benefits increased land valuea)Band increased possibilities for
recreation within the site (B3ba) have not beersiids to monetise. However, these
benefits are considered to have positive monetatyeg. Increased access to other
eco-system services and goods (B3bc) is consideredficial in terms of both saved
trees and less negative impact on Saltsjon. Thefivesf the trees was monetised
using two different methods, both resulting in tiekay large values. On the contrary,
the benefit considering Saltsjén could not be misadi although this benefit is also
considered to have a positive monetary value. Bo8ts in reduced health risks (B3a)
could be monetised. All quantified benefits arespréed in Table 5.4.

Table 5.4 The benefits associated with the remiedidtave been quantified and
monetised. Some benefits were not possible to reer®rit are greater
than zero, these are indicated H9.

Benefits T\'/:Iiﬂ M\\;ET peb
MSEK

B1 Increased land value
Bla Increased land value >0 >0 | >0
Blb Increased land value at surrounding real estate 0 0 0
B2 Net impact on market-priced services/goods
B2a Increased possibility for more profitable prowion of

services/goods
B2aa Production with lower costs, better quality andheigreturng 0 0 0
B2ab Less business restrictions ¢ G
B2ac Increased business trust 0 0 0
B2ad Less legal responsibility 0 0 0
B2ae Better working environment 0 0 0
B3  Net impact on non-market-priced services/goods
B3a Reduced health risks
B3aa Reduced acute health risks 0.1X71170.117
B3ab Reduced non-acute health risks 0.Y02702 |0.702
B3b Increased access to eco-system services/goods
B3ba Increased possibilities for recreation within tite s >0 >0 | >0
B3bb Increased possibilities for recreation in the sunding area 0 0 0
B3bc Increased access to other eco-system services/goods

TFM 9.112

MVUT 5.602

Saltsjon >0 >0 | >0

5.4 Calculations

The VE NPV including TFM is higher than the VE NiM\¢luding MVUT; however,
both NPVs took negative values. Considering D&[2, sam of the costs is about half
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the size in comparison with the VE alternative. t&a contrary, the sum of the D&D
benefits is considerably lower than for the VE bselue to the lack of the benefit
from the saved trees. Furthermore, the NPV of t&® @lternative is higher than for
both the VE NPVs, separately. However, the D&D NB\also negative. The NPV
calculations are summarised in Table 5.5.

Table 5.5

All costs and benefits for the two ddfderremediation alternatives are

summarised and presented in the table. The monetalyes are
presented in MSEK. The sum for both costs and ien&s been
summarised for each alternative, whereas the NP¥Yrésented for

each alternative, respectively.

VE VE
Monetised costs TFM | MVUT b&D
MSEK
C1d | Performing the measure 24.878 24.878 12.060
Cle | Conducting and performing a control program 1.344 1.344 1.344
C3b | Reduced access to eco-system services/goods@ff-sit 0.113 0.113 0.113
Sum 26.336 | 26.336] 13.517
VE VE
Monetised benefits TFM | MVUT | D&D
MSEK
B3aa| Reduced acute health risks 0.117 0.117 0.117
B3ab| Reduced non-acute health risks 0.702 0.702 0.702
B3bc| Increased access to other eco-system services/goo
TFM 9.112
MVUT 5.602
Sum 9.931 6.421 0.820
NPV -16.404| -19.914 -12.69y

The three different benefits increased land vaBgaj, increased possibilities for
recreation within the site (B3ba), and increaseckss to other eco-system services
and goods (B3bc) were not possible to monetise. ddew they are all greater than
zero, see Table 5.6.

Table 5.6 Three non-monetised benefits.

Non-monetised benefits

Bla | Increased land value >0
B3ba| Increased possibilities for recreation within tite s >0
B3bc| Increased access to other eco-system services/¢alisjon) | > 0
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5.5 Senditivity analysis

Altogether six uncertain variables were identified the cost valuations and eight
uncertain variables were identified within the WHé@ngaluations. Some of these

uncertain variables are included in more than caleation, whereas others are just
used for one particular valuation. Moreover, sorhthese variables are just included
in one remediation alternative, whereas some ataded in both. For both VE cases
five different cost variables, and seven differeanefit variables, were identified. For
the D&D alternative all uncertain cost variablead gour of the uncertain benefit

variables, were identified. All uncertain variableart of the tree appraisal does of
course include more than one assumption per vatiathereas all other variables
only contain one assumption each. All identifiedcentain variables and their

distributions are presented in Table 5.7 - 5.8.

Table 5.7

The uncertain variables identified withhe cost valuations. GS is

short for Green Space. Statistical distribution® gresented for each
variable, respectively. S within a parenthesis nseifuat the triangular
distribution is skewed. The log-normal distributibas a mean value

and a standard deviation.
Uncertain variable Unit | Distribution Min| Likeliegt Max
SITA costs assigned to GS % Triangular 5 7.5 1
Total costs for all of Beckholmen MSEHKTriangular (S)| 134.762134.762|148.238
Tons transported to/from Beckholmen Tons  Triangular| 69,809 73,483 77,15
Proportion of total tons assigned to 3% Triangular 9 10 11
Load per truck Tons| Triangular (S) 9 10 12

Project management

MSEKog-normal

Mean 0.4 & Std.dev. 0.03

Table 5.8

The uncertain variables identified withive benefit valuations. GS is

short for Green Space. The unit of each variablpresented, where *
means unit less. For the variables assigned witmgular distributions
min/likeliest/max-values are presented. S withipaaenthesis means
that the triangular distribution is skewed. For tligscrete uniform
distributed variables all values are as likely tacar. EV means

estimated value.

Uncertain variable Unit Distribution MipLikeliest| Max
Probability to die from cancer % Triangular 30 40 50
Duration of exposure Years Triangular (S) 5 2( 60
Contribution in LR % Triangular -10 EV 10
Tree perimeter cm Triangular -10 EV| 10
MVUT damages * Discrete uniformEV & EV +/- 1

Factors in CR * Discrete uniformeV & EV +/- 1
Children between 5-7 visiting/day Childreiscrete uniform 0, 1, 2, 3, 4

Number of people living at the G®eople | Discrete uniform4, 5, 6, 7, 8
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The 95% NPV uncertainty interval of VE TFM rangeghim -17.880 and -16.153
MSEK. Four of the identified uncertain variabledeat the uncertainty interval
significantly. The duration of exposure for thos@nig at the green space, from
reduced non-acute health risks, has a contribubiod1.9% to the total variance.
Moreover, SITA costs assigned to green space, frerforming the measure, stands
for another 21.1%. The number of people livinghat green space, from reduced non-
acute health risks, affects the results with 11.8%ereas the number of children
between 5-7 years visiting the green space perfday, reduced acute health risks,
has an impact of 4.7%. The statistical distribut@hnNPV VE TFM is shown in
Figure 5.1.

NPV VE TFM
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Figure 5.1 Statistical distribution of NPV for VEEM. The field between the two
vertical lines represents the 95% uncertainty iagiof the NPV.

The VE MVUT has a 95% NPV uncertainty interval betn -20.888 and -19.238

MSEK. The four uncertain variables affecting VE TFiso contribute substantial

uncertainty in this case, however with differembgmrtions. The duration of exposure
for those living at the green space has a contabuif 47.4% to the total variance.

SITA costs assigned to green space contribute an@Hh2%. The number of people
living at the green space contributes 12.9% totoled variance, whereas the number
of children between 5-7 years visiting the greeacspper day has an impact of 5.6%.
The statistical distribution of NPV VE MVUT is pr@asted in Figure 5.2.

The D&D alternative has a 95% NPV uncertainty imé&mvhich range within -14.791
and -11.784 MSEK. The uncertainty variable callegpprtion of total tons assigned
to green space, which affects costs for perfornivegmeasure, and reduced access to
eco-systems off-site, contributes with 59.9% to tibkal variance of the NPV. The
total costs for all of Beckholmen, from costs farfprming the measure, have an
impact of 21.6%. Duration of exposure, from reduassh-acute health risks,
contribute another 11.9% to the total variancehef NPV. The number of children
between 5-7 years visiting the green space perfday, reduced acute health risks,
contributes with 2.8% to the total variance. Ttagistical distribution of NPV D&D is
shown in Figure 5.3.
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Figure 5.2 Statistical distribution of NPV for VEMWT. The field between the
two vertical lines represents the 95% uncertaintgiival of the NPV.
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Figure 5.3 Statistical distribution of NPV for D&Drhe field between the two
vertical lines represents the 95% uncertainty iagof the NPV.

In Figure 5.4 an overlay chart of the NPV distribaos is shown. The probability that
NPV VE TFM will exceed NPV D&D, or be less than NPVE MVUT, is
significantly low considering what is included imet MCS. Consequently, the
probability that NPV VE MVUT will exceed NPV D&D ison-existent for this case.
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Figure 5.4  An overlay chart showing the statistidatributions of the NPVs for
the remediation alternatives VE and D&D. The umttbe horizontal
axis is MSEK.

For both remediation alternatives the lower bouiedanf the uncertainty intervals are
higher using the lower discount rates. For instartbe difference between the
minimum values considering 4% and 0% is 0.545 MS&KVE TFM, whereas the
same value is 0.681 MSEK for D&DConsidering the upper boundaries of the
uncertainty intervals, applying the lower discotates, the differences in these values
are larger compared to the lower boundaries. TheMXBJT increases with 2.974
MSEK using a discount rate of 0% instead of 4#¥ereas the same value for D&D is
2.634 MSEK.However, it should be noted that the uncertaintgrirals are extended
when a discount rate of 0% is used instead of 4#ns(dering VE TFM and VE
MVUT, both cases exhibit a wider range, the formveéh 2.432 MSEK, and the latter
with 2.460 MSEK. Further, the range of D&D is exded by 1.953 MSEK. See Table
5.9 for figures considering the different discotates.

Table 5.9 95% uncertainty intervals, including meeatues and range, for both
remediation alternatives, with the additional disob rates 1.4% and
0.0%. The values from discount rate 4.0% are inetuds well for a
more transparent comparison. All values are presem MSEK.

Remediation alternativg r (%) [ Min Mean Max | Rangs
4.0 | -17.880 -16.404 -16.1531.727
VE TFM 14 | -17.628 -15.821 -14.894 2.7%4

0.0 | -17.335 -15.038 -13.1764.159

4.0 | -20.888 -19.914 -19.238 1.640
VE MVUT 1.4 | -20.648 -19.331 -17.598 3.095
0.0 | -20.374 -18.548 -16.2644.110

40 | -14.791 -12.697 -11.784 3.0Q7
D&D 14 | -14.451 -12.114 -10.272 4.119
0.0 | -14.110 -11.331 -9.150 4.940
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6 Discussion and Analysis
6.1 Uncertainty

Considering the VE alternative the uncertain vdeaihat contributes to the NPV
uncertainty the most is duration of exposure favsth living at the green space
Moreover, this variable is only affecting the beneéduced non-acute health risks
(B3ab). It stands for 72.9% of the total varianéehe statistical distribution of this
benefit. Consequently, this distribution has atreddy large 95% uncertainty interval
of 1.391 MSEK, see Appendix D. Thus, this assunmptrust be considered to be the
most important regarding the VE alternative. A drvaek likely contributing to the
large uncertainty is the fact that this assumpkiaa not been based on any literature.
In retrospect, due to its great impact, the oveaualiertainty for the VE alternative
could probably have been reduced evaluating tleamption, and more specifically
its distribution. Except the uncertain variableation of exposure, the benefit B3ab is
associated with two other uncertainties as welke Tpper boundary of this benefit,
which is located at 97.5%, is more than 100% alibeemean value, which must be
considered to correspond to a relatively large tagdy. In addition to this, many
assumptions and uncertainties, which were not plessp assign as uncertainties in
the MCS, have been part of the calculations ofBBab. This is consistent with the
statement that estimating the magnitudes of hegfibcts often requires a lot of
guesswork (Driesen, 2006).

Regarding the cost valuation of performing the rmeagC1d) considering the VE
alternative, two uncertain variables have beeruthad in the MCS. These uncertain
variables are SITA costs assigned to the greeresaac project management. Apart
from these, another uncertainty difficult to inckudh the simulation exists as well.
Altogether 48 different documents regarding perfamoe costs invoiced by NCC,
concerning all of Beckholmen, were provided by SwveErom this, the costs
belonging to the green space were singled out, iwiMas difficult for certain bills.
Due to this it would have been preferable to assignNCC costs as an uncertain
variable, but it was considered too difficult teemdify an appropriate distribution. If
this would have been conducted, the 95% uncertamgrval of C1d for the VE
alternative would surely be wider. In turn, this vk affect the final NPV
distributions of the remediation alternatives.

The NPV D&D distribution rests upon the assumptaiout the proportion of total
tons assigned to the green space, which by faeisniost sensitive assumption for the
NPV D&D. This assumption affects both the uncertast valuations associated with
the NPV D&D. However, in absolute figures it affeche costs for performing the
measure (C1d) significantly more than the reduaa@ss to eco-system services and
goods off-site (C3b). The 95% uncertainty interfa@l the C1d is 2.632 MSEK, of
which 70.7% depends on the uncertainty of the ptapoof total tons assigned to the
green space. The statistical distribution of thed G4 exhibited in Appendix D.
Consequently, as mentioned in Chapter 4, the agsampf 10% was made by
Egelstig. It was, however, difficult to estimateethevel of uncertainty in this
assumption. Due to this, a relatively low maximuatue of 11% was chosen for the
triangular distribution. In retrospect, perhapssthmaximum value should have been
higher, although, it must be considered difficaltdetermine what is right or wrong
for this case. Also, it should be noted that thedoboundary of the 95% uncertainty
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interval for NPV D&D is more than twice as far fraime mean value as the value of
the upper boundary.

6.2 Reduced health risks

Considering the reduced acute health risks (B3aaeasure taken due to practical
reasons was to use all sample values of arsenicakahild to avoid involuntary
ingestion it is only the upper 0.5 metre of soinealiation that contributes to the
reduced risk benefit (Liljelind et al., 2008). Mooe less 50% of the total number of
samples was within this depth. If this would hawem taken into account it would
probably have affected the results, however, dliffscult to tell to what extent, and in
what direction.

The valuation of the benefit from the reduced nout@a health risks (B3ab) consists
of even more additional uncertainties than theutatmns of the benefit from reduced
acute health risks (B3aa). The software SADA rexfliiboth depth and coordinates
for all samples, but due to practical reasons sfioglions were made for both these
factors. Especially the simplification about allptles being set to zero most likely
affect the results because this brings all contantgcloser to people, which probably
increases the risk. Furthermore, it was possiblechoose from different sub-
categories of both lead and PAH-H in the implemedxilogical database in SADA.
These choices were based on uncertain assumptiomstad lack of information.
Additionally, only the contaminants considered miagbortant by Sweco were taken
into account; that is, lead and PAH-H. Rosén e{24108) include arsenic in one of
their case studies. However, it has not been eteduéneither arsenic nor any other
additional contaminants ought to have been includeke calculations.

From the results it can be concluded that if a lodiscount rate is used a larger
monetary benefit is achieved from the reduced haadks (B3a). Hence, the size of
this additional benefit if using 0% as discountera 1.302 MSEK for the reduced
non-acute health risk (B3ab), whereas the extrafiielitom reduced acute health
risks (B3aa) is insignificant. In the literatureiscbunt rates above 4% are not
mentioned, on the other hand, it is recommendeextmine lower discount rates.
From this, it can be assumed that using 4%, asim thesis, contributes with a
minimum benefit considering with respect to theesgbn of discount rate. Hanley et
al. (1997) stress that effort should be put on rd@teéng time horizons for which
benefits should be discounted. Rosén et al. (2808yest in their examples the usage
of 10 years for the B3aa, and 70 years for the BBhby further present the effect on
the results for the B3ab of using the time horiz866 and 700 years, respectively.
Although, it is not mentioned when these time hmmg are preferable. As an
example, 700 years enlarges the result 10 timesinfg a 0% discount rate, which is
the most extreme case. Thus, if both a 0% discmaief and a time horizon of 700
years is applied for the valuation of the B3ab,eambenefit value of 19.478 MSEK
will be achieved. It is further possible to caldeldhe time horizons, for which the
reduced health risks become large enough to rasybositive final NPVs of the
remediation alternatives, if all other costs anddiiés are held constant. Then
stakeholders can collectively decide if the timeizans are acceptable or not. This
illustrates the importance of stakeholders coletyi defining appropriate time
horizons and discount rates.
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6.3 Treeappraisal

The mean value of the NPV in the TFM valuation.512 MSEK, whereas the mean
value of the overall NPV VE TFM is -16.404 MSEK. &) the TFM valuation must
be considered to contribute to the overall NPV \lBMTto a relatively large extent. In
the sensitivity analysis no uncertain variableoaisged with the tree appraisal were
represented among the most sensitive. Watson (ZiatBs that the variation of TFM
appraisal often reaches values of 100 to 200%s fuither suggested by Watson
(2002) that this variation probably is due to thegé subjective evaluation of tree
attributes by the appraiser. As mentioned in Chiaptehe TFM appraisal was made
by a tree consultant. Moreover, it was his firstMI'Flappraisal ever conducted.
Considering this, perhaps it would have been mtit/#o define the total TFM value
as an uncertain variable, instead of assigning phenary data as uncertain
assumptions, which was made for this thesis. Plysshis should have been
conducted with minimum and maximum values reaclaagnuch as 100 to 200%.
This measure would certainly have given a much w@¥8o uncertainty interval for
the NPV VE TFM; thus, adding more uncertainty. Auabhially, Watson (2002)
suggests that the TFM appraises very low valuesomparison with other formula
methods. From this suggestion, it could be askddeifoverall NPV VE TFM should
be higher. On the contrary, Chadwick (1975) arghes values for very large trees
often are unrealistically high. At the green spaeeeral trees must be considered to
be large trees. From this, it could on the contkayjuestioned if the overall NPV VE
TFM is too high. As suggested by Rosén et al. (R0@8uation becomes more
complicated if products and services are not stiligebusiness at a market, which is
the case for most of the trees. As a conclusids,dfatement by Rosén et al. (2008)
can be considered accurate considering the tre@iapp

The remediation alternative VE including MVUT onbjiffers in one value in
comparison with VE TFM; that is, the value of thees. Moreover, these two cases
have more or less the same uncertainty intervath Boe TFM and the MVUT
method estimate the present market value of tlee & mentioned in Chapter 4, the
former method includes how physical characteristiche appraised tree are likely to
be enjoyed or experienced. Meanwhile, the MVUT rodthnly appraises the market
value, excluding aesthetics. Therefore, it is fkislat the extra value from the TFM is
about the value of the aesthetics. When develotiiagMVUT method it was highly
prioritised to create a method which did not oviineste the value of a tree (Ostberg
et al., 2012). Judging from this, it is likely thiie value of the trees at least not is
below the value appraised by the MVUT method. Ogfeargues that many
professional tree appraisers use many differenhoast for the same set of trees, and
finally, they use the mean value of all methodsustanother option would have been
to use the mean value of both the TFM and the M\Agpraisals.

It is important to stress that the benefit from tilees not have been discounted. Thus,
this is an additional value not taken into accourtis value would have been

included in the results if a formula method estintathe age of trees had been used.
However, as suggested by Stjernberg (2011), thi®isan easy practice. Due to the
tree consultant’s lack of experience estimatingae of trees it was decided to use a
formula method not including this task. Therefahes TFM was used, which does not
take age into consideration. If the 23 trees wdudde been appraised again, for

%% johan Ostberg (PhD Student, Swedish Agricultural University) discussing with the author on the 15"
of September 2012.
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example next year, they would have been larger,samak the appraised value partly
is a function of the perimeter, the market valuauldchave been higher. Then, this
extra value must be discounted somehow. On the btrel, if the condition rating of
the trees would have been lower, the market vatugdcpossibly be lower although
their larger size. According to Kelman (1981) thare good reasons to oppose efforts
to put monetary values on unpriced costs and ksnéfounded on this proposal it
was decided not to discuss the size of this additiovalue. Thus, it must be
considered defensible to conclude that this vatuexistent, and most likely above
zero.

6.4 Non-monetised benefits

Three different benefits have not been monetisethéncase study, however, these
benefits are all considered to have positive maogetalues.

Increased land value (Bla) has not been monetBedespondingly, Rosén et al.
(2008) argue that the Bla often is problematicdiaress in monetary terms. In Rosén
et al. (2008) the Bla has been calculated for tifferdnt case studies. In the first
case study a value estimated by the owner of thedeated land was used. In the
second case study, the land value at the propeatyasnsidered to be non-existent
before the remediation, because it was not postilbeake use of the land. After the
remediation, depending on if the land was to beduse housing or industrial
purposes, a value was estimated. The approachktdhasland owner about the
increased land value was considered an option. rtimfately the National Property
Board Sweden has not appraised the Bla themselnes. to the regulations
governing the land within the National City Partke igreen space will be used for the
same purposes after the remediation as before., Theisnethod which was used in
the second case study by Rosén et al. (2008) vsasimhppropriate for this thesis.
Although the present purpose of the green spaimedsntinue using it as before, there
Is an option for this land to be used for othergmses in the future. Thus, this option
can be considered to have a value. As mentionefkation 3.1, the green space is
located in the city centre of Stockholm. Due toaentral location the land can be
assumed to be relatively attractive regarding hausor different business
opportunities. The increased land value equalsliaiounted monetary benefits the
land owner gain as a result of the remediationaA®xample, the National Property
Board Sweden has an option, which is dependentomergmental regulations, to
lease the land to any business in the future. lferdase the benefit to be discounted
is rent. To conclude, it must be reasonable torassihat the Bla include optional
future monetary benefits reaching several milliohSEK. However, it is unclear at
which point in time these potential benefits cobktome realised. If they become
realised after a long period of time, the NPV a$ tbenefit is small due to the effect
of the discount rate.

Increased possibilities for recreation within tlte $B3ba) is another benefit that has
not been monetised. Rosén et al. (2008) have noéetised the B3ba in their two case
studies either. They mention three types of maitegmies of valuing studies

available for monetising environmental improvemsmth as recreation possibilities.
However, these studies are considered very timeswoimg, often including

guestionnaire studies, and were considered beyonddope of this thesis. Another
option mentioned by Rosén et al. (2008) is to makalue transfer analysis, which
means generalising results from a similar valuinglg already made, and by this,
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make an estimation about the recreation value. Tépsion was evaluated.
Nevertheless, it was not possible to find any similaluing studies in the database
recommended by Rosén et al. (2008). As mentionesertion 3.1.1, the trees were
assumed not to have any market value before thediation, but still they must be
assumed to have had a recreational value. Thisdause it was not possible to see
that these trees were contaminated. However, 8288 argues that the life length of
trees is extended due to VE, which in the long-teontributes to better recreation
possibilities in the future. In parallel there midiave been an additional value before
the remediation due to the presence of more tedd®mugh most of these extra trees
were in bad condition. As mentioned in Section &k, green space is supposed to
serve as a shorter walking trail for the publiceafthe remediation. Due to this
purpose, marketing measures for the walking trdil probably be taken to attract
more people, and more people equal a higher réoneatlue. The number of
additional people who will use the green space exseation area is difficult to
estimate, however, Djurgdrden must be considereth@gmain recreation area in
Stockholm. It is difficult to estimate a value bktB3ba, but it is certainly above zero.
Further, the value is likely to be larger for th& ¥lternative in comparison with the
D&D alternative due to the presence of large treeshe former case. If it is
significantly larger, it could affect the rankingtiveen the remediation alternatives.
In order to change the ranking between the VE THRgkecand D&D alternative then
the B3ba value of the VE TFM has to reach a vahat is 3.707 MSEK larger than
the same value for the D&D alternative. ComparimgyVE MVUT case and the D&D
alternative this value has to equal 7.217 MSEK. \idlaing studies from the database
mentioned above were observed from a holistic getsge. Considering a relatively
long time horizon it must be reasonable to assumsevilue to be at least larger than
3.707 MSEK, but perhaps not above 7.217 MSEK; thpessibly affecting the
ranking between the VE and the D&D alternativeseteiing on which tree valuation
method is applied.

Beside the benefit from the trees, increased adcoesther eco-system services and
goods (B3bc) have been concluded to also include lknefit from a less
contaminated Saltsjon. Consequently, this benaBtriot been monetised. The benefit
must be considered to be a long-term benefit maaffigcting the sediment close to
Beckholmen. The size of the benefit is very diffido estimate, yet a cleaner Saltsjon
was one of the main purposes with the remedialionjudge from this, the value of
the B3bc, considering Saltsjon, can presumablyxpeaed to be relatively large in
order to reach a positive NPV.

For the VE TFM to reach a positive NPV the non-nitiseel benefits have to add up
to a value larger than 16.404 MSEK, whereas thigevéor the VE MVUT case is
19.914 MSEK. Considering the D&D alternative thialue has to reach 12.697
MSEK. Based on the above discussion it is consitiErde reasonable to assume that
the non-monetised benefits add up to values laiger the figures mentioned above
for both the VE cases and the D&D alternative, eetipely.

6.5 Additional uncertainties

From what have been discussed so far it can belugted that the conducted CBA
includes many additional uncertainties that havebsen taken into account in the
MCS. Further, the additional underlying uncertaimtypst likely contributes to a
relatively larger degree of uncertainty than whag statistical NPV distributions
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exhibit. To judge from this, perhaps not too muehue should be put in the final

NPVs of the remediation alternatives; thus, no tsions about which remediation
alternative is better in comparison with the otHmrt also in comparison with the
reference alternative, should be drawn. It shouldhér be remembered that when
conducting an environmental CBA, a certain decisioght be right even though its

monetised benefits do not outweigh its monetisesdscfKelman, 1981). Moreover, it

should also be noted that Driesen (2006) argue @A disfavours health and

environmental protection. Due to the fact that theaind environmental protection
partly reasoned the decision to grant funds forrémediation this statement should
also be kept in mind trying to conclude what woblave been the better option.
Consequently, the conducted case study did notibate to prioritise between the

remediation alternatives. On the other hand, thdysstructured the problem in an
easy and comprehensive way. In accordance withptiogosal it was concluded by
Hanley et al. (1993) that CBA is a useful contribntto the decision-making process
but that it is not sufficient as the single criteri

6.6 MonteCarlosmulation

Some researchers argue that MCS is a poor techr(iflighakoff, 2003). This
proposal must be considered to be opposed by timelucted case study. The
calculations of the CBA brought very precise figuré&lext, when the MCS was
completed another perspective was revealed. Thus)e with Burgman (2005), the
MCS provided another possibility to justify a déars If the MCS would not have
been conducted, straight forward conclusions wairlobably have been based on
unambiguous figures, however, this was opposechbyMCS which broadened the
perspective on the decision.

6.7 Sdection of reference alter native

The chosen reference alternative is not the onBsipte option; it could have been
defined differently. The 23 trees that were st#irgling after the VE could have been
defined as included in the reference alternatikiat ts, not assigning the saved trees
as a benefit using VE. Instead applying D&D wouidega cost for loss of trees. This
approach would give only one case for the VE adtve, and two cases for the D&D
alternative. The latter cases are D&D TFM and D&IVWIT. The actual differences
this reference alternative would contribute with, domparison with the reference
alternative defined in the case study, only comndidle trees. The only benefit possible
to quantify for each of the alternatives would be teduced health risks, whereas
both the D&D cases would get an extra cost for loisgrees. The mean NPV VE
would take a value of -25.517 MSEK. Consequenkig, NPV of the D&D TFM case
would be -21.810 MSEK, and the NPV of the D&D MVUWdase would equal -18.300
MSEK. In terms of NPV, the VE alternative is stilferior to the D&D alternative,
but a lower NPV of the trees gives a higher tot®MN This means that the lower
valuation of the MVUT is preferable to the valuatiesing TFM. This was mainly the
reason why this reference alternative was not udediever, it should be noticed that
the reference alternative could be defined in maays, and that this may affect the
results.
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6.8 Distributional analysis

From a distributional point of view, it was obseiuviat the Swedish tax payers bore
the financial costs due to the origin of funds, ethwas the Swedish EPA. The costs
of the transport emission can probably be assumddketdistributed worldwide in
terms of climate change. On the contrary, bendfiége been distributed amongst
several groups of people. The property owner ateitants can probably be pointed
out as main beneficiaries. The property owner ben@i terms of increased land
value. The tenants benefit mainly from the redubedlth risks, but also from the
increased recreational possibilities from livingaircleaner environment where effort
is put on cultural values. Also visitors benefibrfr the reduced health risks. From a
recreational point of view it is mainly the peogilng in Stockholm who must be
considered as the main beneficiary. Furthermore, dity of Stockholm has been
beneficial in terms of a healthier Saltsjon.
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7 Conclusion

This thesis attempts to test and evaluate the CR#&hod developed by Rosén et al.
(2008). The working process and the results obtlnlearly indicate that the CBA

method is an easy and user friendly decision toopfioritising between remediation

alternatives. However, the CBA method requires taoflodata. Thus, detailed and
extensive knowledge about the project is requingtich on the other hand is

necessary to obtain results comprehensive enoubb able to use the CBA method
as a decision tool.

Considering the case study, the uncertainty shoythé& Monte Carlo simulation is

relatively insignificant. On the other hand, it cée concluded that additional
underlying uncertainties not included in the urmety analysis, most likely

contribute to a larger degree of uncertainty th&atthe statistical NPV distributions
exhibit. The additional uncertainties mainly origie from the benefit valuations. For
example, the benefit from the reduced non-acutdtthe@sks can reach values
approximately 27 times greater than the calcul&te¥, which in turn depends on the
preferences of the stakeholders. Further, the hefiefn saving the trees is not
unlikely to vary as much as 200%. Finally, thre@dfgs have not been monetised,
increased land value, increased possibilitiesdoraation within the site, and reduced
leakage to Lake Saltsjon. The size of these benefituncertain, which makes it
difficult to predict whether the NPV is positive aegative. However, despite the
large uncertainties, it is still possible to produa likely ranking between the

remediation alternatives. Thus, the uncertaintyhef result of the CBA is relatively

high, but still it is concluded certain enough e CBA method to work as a
decision tool prioritising between the remediatiternatives.

This thesis further aims to contribute to the emgsliterature on the performance of
remediation methodologies by determining whethenairVE has been beneficial at
the green space. It is concluded that the NPV ef\tk is probable to be positive,
which in turn indicate that the remediation metHodyg has been beneficial in
comparison to not taking any measures at all. TR¥ Nf the D&D alternative is also
likely to be positive; however the NPV of the VEeahative is expected to be greater.

Finally, the findings from this thesis have coniitdd to the literature by identifying
costs and benefits associated with VE, and by desgrthe relative size and range of
its values.
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Appendix A Costs

Table A.1 All costs associated with the remediaatiarnative VE at the green
space. PM means project management, which has fperdéormed by
Sweco. Also, costs for conducting and performingpmtrol program
are included. All figures are presented in MSEK.

Costs for performing the measure Control program
Binsell AB NCC AB VIOSAB SITA PM Sweco
0.688 0.313 0.162 0.647 0.400 0.013
0.180 0.068 0.045 0.095 0.363
0.874 0.044 0.083 0.002 0.096
0.582 0.040 0.033 0.108 0.008
0.933 0.089 0.008 0.088 0.048
0.408 0.016 0.090 0.043 0.174
1.365 0.069 0.041 0053 0.163
1.506 0.180 0.011 0.078 0.091
1.838 0.026 0.115
2.869 0.011 0.021
1.563 0.001 0.002
0.778 0.031 0.001
1.245 0.063 0.092
0.648 0.086
1.113 0.070
1.394 0.002
3.955
Total monetary costs
24.878 1.344

Table A.2 All data applied for the calculations satering the costs associated
with transport emissions. All calculated figuree gresented as well.
Total costs are presented in MSEK.

Data

Calculations

Tons transported to/from Beckholmen
Proportion of total tons to/from green spdce
Tons transported to/from the green space
Number of kilometres to deposit
Diesel/kilometre and truck

NOx released in kilos per liter of diesel
CO; released in kilos per liter of diesel
Costs in SEK per kilo NQ

Costs in SEK per kilo CO

Load per truck in tons

73,4
0
7,
48
0.4
0.0d
2.9
49
1.5
10

83 Numlbeowund-trips to deposit

1 taMoumber of kilometres

348 | Aotaunt of liters diesel
Total kilos dbNemissions
Total kilos of &emissions

5

735
70,54
28,21

141
70,544

B

Total monetary costs

0.113
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Appendix B Health risks
Table B.1 All figures associated with the reducedta health risks calculations.

Cae

Cae (mg/kilo) 3000

Ln Cae 0.4771
Before remediation

Ln mean value 0.8615
Ln Std.dev. 0.3659
Probability of exceeding £ 0.8533
After remediation

Ln mean value 0.2928
Ln Std.dev. 0.3659
Probability of exceeding A& 0.3072
Probabilities

Reduction of probability of exceeding.€ 0.5460
Probability a child will eat soil per year 0.0006
Probability a child will eat soil with arsenic al@e before | 0.000%
Probability a child will soil with eat arsenic al®Gag after 0.0002
Monetary benefit (MSEK)

Benefit from reduction per year 0.013
Total discounted monetary benefit 0.1)L7

Table B.2 All figures associated with the reducedn-acute health risks
calculations.

Lead PAH-H

Non-acute health risk level before remediation 00d@&0 0.0074000

Non-acute health risk level after remediation o@mer| 0.0017000

Monetary benefit per year (MSEK) 0.000059%0287280

Total discounted monetary benefit (MSEK) 0.702

CHALMERS, Civil and Environmental Engineerindlaster’s Thesis 2012:167



Appendix C Treeappraisal

Figure C.1  Map provided by Sweco showing the gegarte at Beckholmen. All
amenity trees inventoried have been assigned gitinefs ranging
from 1-23 and have then been deployed at the ntagpspecies of each
tree is presented in Table C.1.
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Table C.1 Primary data collected at Beckholmen wmersg species and
perimeter for both TFM and MVUT, damages for MVidiid location
rating for TFM. Perimeter is presented in centinestr LR equals
Location Rating, S is Site, C is Contribution, aRd stands for
Placement.

LR . Damages MVUT
Perimete

Tree| Species (English/Latin) $§ C P Rooptsunk| Crown
1 | Whitebeam / Sorbus aria 1 05 |1 12( 2 2 3
2 | Maple / Acer platanoides 1 05 |1 173 1 2 i
3 | Maple / Acer platanoides 1 04 |1 126 2 3 p
4 | Maple / Acer platanoides 1 04 |1 283 3 3 a
5 |Lime-tree / Tilia cordata 1 1 il 251 2 2 2
6 |Higher ash / Fraxinus excelsiph 0.5 1 89 2 2
7 | Lime-tree / Tilia cordata 1 1 N 128 2 2 1
8 |Lime-tree / Tilia cordata 1 1 il 251 3 2 1
9 |Lime-tree / Tilia cordata 1 1 il 314 1 2 1
10 | Oak-tree / Quercus robur 1 1 1 147 1 3 1
11 | Maple / Acer platanoides 1 1 1 298 2 3 |
12 | Lime-tree / Tilia cordata 1 1 1 314 2 3 ]
13 | Maple / Acer platanoides 1 075 |1 97 2 3 L
14 | Maple / Acer platanoides 1 075 |1 120 2 3 il
15 | Maple / Acer platanoides 1 075 |1 110 1 1 1
16 | Oak-tree / Quercus robur 1 075 |1 22 1 1 1
17 | Oak-tree / Quercus robur 1 08 |1 54 1 1 1
18 | Oak-tree / Quercus robur 1 08 |1 39 1 2 D
19 | Maple / Acer platanoides 1 05 |1 60 1 2 p
20 | Maple / Acer platanoides 1 05 |1 57 1 2 D
21 | Oak-tree / Quercus robur 1 08 |1 46 1 1 1
22 | Maple / Acer platanoides 1 09 |1 204 3 4 D
23 | Maple / Acer platanoides 1 09 |1 129 1 3 D
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Table C.2 Primary data collected at Beckholmen mmrshng CR for the TFM
calculation. All figures range between 1-4. SB&Tuag Scaffold
branches and twigs. F&B stands for Foliage and/odé.

Roots

Trunk Scaffold Branches

SB&T F&B

Tree| Structure Health Structurédealth| Structure Health

Health| Health

O O NOOT D WNPRE
N
w

e
R o

NNRPRRRRR R R
PO OWoONOO U AW
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N N
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w
N
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Table C.3 Secondary data from 6 different nurseagdgns. The nursery garden
numbers are shown in Table C.4. The data was detieand provided
by Johan Ostberg at the Swedish Agricultural Ursitgr Data of
importance for this thesis was later sorted outl Adures are
price/area for a tree with the area 13 tnThe unit is SEK/ct The
data was used to calculaB®;; in the MVUT calculations. * means no

data available.

Tree

Nursery garden number

1 2 3 4 5 6

Maple / Acer platanoides
Whitebeam / Sorbus aria
Oak-tree / Quercus robur
Lime-tree / Tilia cordata

Higher ash / Fraxinus excelsid

r

152 155 108 127 126
188 190 183 171 167
169 173 167 156 171
152 155 119 127 123
152 155 11% * 82

145
126
155
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Table C.4

Secondary data from 6 different nursemydgns used for the TFM
calculation. The nursery gardens are numbered #evis: (1) Lorenz
von Ehren; (2) Bruns; (3) Flyinge; (4) Splendor Ria(5) Toénnersjo’s
nursery garden; and (6) Hallberg’s nursery gardérhe secondary
data was collcted and provided by Johan Ostberghat Swedish
Agricultural University. Data of importance for thithesis was later
sorted out. The data was used to calculate RC and T8\ was the
same at all nursery gardens. Grey field means rta dgailable. Price
(P) is presented in SEK, area (A) is presentednif, @and price/area
(P/A) is presented in SEK/ém

Nursery garden number

Tree 1 2 1 2 1 2
Maple P | 58,063 58,992 158,39358,859( 191,56 189,981
A 241 241 719 719 963 963
P/A 241 245 220 221 199 197
Whitebeam P 15,700 15,70
A 58 58
P/A 270 270
Higher ash P| 108,879109,622
A 448 448
P/A 243 245
Lime-tree P | 195,18
A 963
P/A 203
Oak-tree P 5,593 5,713 5,390 4935 5200 4,990
A 29 29 29 29 29 29
P/A 195 199 188 172 181 174
P 26,291 29,264 36,881 37,160 43,1994,347
A 109 109 147 147 176 176
P/A 241 268 251 252 246 309
P | 221,102 222,031
A 963 963
P/A 230 230

Nursery garden number

1 2 3 4 5 6
P 5,593 5,713 5,390 4,935 5,200 4,990
A 29 29 29 29 29 29
P/A 195 199 188 172 181 174

Vi
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Table C.5

Calculated data for TFM. RC is shown BKSTA and TA are

presented in cm BP in presented SEK/énBasic value and appraised
value are exhibited in MSEK. SR, CR, and LR areraéented in %.

1%

Tree RC BP TAr TAa Basic Value SR CR LR |Appraised valu
1 | 15,700 270 58 1146 0.310 100 75 83 0.193
2 190,771 198 963 2383  0.472 100 78 83 0.307
3 190,771 198 963 1264  0.250 100 66 80 0.131
4 1190,771 198 963 6377  1.263 100 63 80 0.631
5 ]195,183 203 963 5016  1.018 100 88 100 0.891
6 |109,250 244 448 631 0.154 100 78 83 0.100
7 (195,183 203 963 1304 0.264 100 81 100 0.215
8 ]195,183 203 963 5016  1.018 100 91 100 0.923
9 ]195,183 203 963 7850  1.593 100 88 100 1.394
10 | 221,567 230 963 1605  0.369 100 97 100 0.358
11 | 190,771 198 963 7070  1.400 100 88 100 1.225
12 | 195,183 203 963 7850  1.593 100 91 100 1.444
13 | 158,627 220.5 719 749 0.165 100 75 92 0.114
14 | 190,771 198 963 1146  0.227 100 81 92 0.169
15 | 190,771 198 963 963 0.191 100 81 92 0.142
16 | 5303 1875 29 39 0.007 1007 92 0.006
17 | 48,773 277 176232 0.064 100 97 93 0.058
18 | 27,777 2545 109121 0.031 100 97 93 0.028
19 | 58,527 243 241287 0.070 100 88 83 0.051
20 | 58,527 243 241259 0.063 100 88 83 0.046
21 | 37,021 2775 147168 0.043 100 88 93 0.035
22 | 190,771 198 963 3313  0.656 100 69 97 0.436
23 | 190,771 198 963 1325  0.262 100 84 97 0.214

9.112
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Table C.6 Calculated data for MVUT. Basic values presented in SEK,
whereas appraised values are all shown in MSEK,.i$ Aresented in
cnf. BPsis exhibited in SEK/cMmRE;, is presented in %. { and V
are both unit less.

Tree| TA, BPi3 Basicvalue [R: V REy | Appraised value
1 1146 171 196,051 8 075 69 0.135
2 | 2375 136 322,949 11 0.78 88 0.285
3 | 1256 136 170,816 8 066 66 0.113
4 | 6359 136 864,756 5 063 47 0.405
5 | 5024 124 622,976 9 088 78 0.487
6 631 126 79,462 9 0.78 76 0.060
7 1304 124 161,753 10 081 83 0.134
8 | 5024 124 622,976 9 091 79 0.492
9 | 7850 124 973,400 11 088 91 0.882
10 | 1605 165 264,893 10 0.97 8y 0.230
11 | 7085 136 963,509 9 088 78 0.753
12 | 7850 124 973,400 9 091 79 0.768
13 | 749 136 101,881 9 075 75 0.076
14 | 1146 136 155,924 9 081 7Y 0.119
15 | 963 136 131,019 12 081 9% 0.125
16 39 165 6,358 12 0.97 99 0.006
17 | 232 165 38,307 12 097 99 0.038
18 | 121 165 19,981 10 097 87 0.017

19 | 287 136 38,981 10 0.88 84 0.033
20 | 259 136 35,180 10 0.88 84 0.030
21 | 168 165 27,798 12 0.88 97 0.027
22 | 3317 136 451,061 6 069 55 0.247
23 | 1325 136 180,189 9 084 77 0.139
5.602
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Appendix D Distributions from the Monte Carlo simulation

B3ab - Reduced non-acute health risks
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Figure D.1  Statistical distribution of the NPV foeduced non-acute health risks.
The field between the two vertical lines represémes95% uncertainty
interval of the NPV.
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Figure D.2  Statistical distribution of the NPV foosts for performing the measure
for D&D. Thefield between the two vertical lines represents 36&o
uncertainty interval of the NPV.
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