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Dear Dr Watson

ARTIGLE PUBLISHED N THE JULY 2013 ARBORICULTURE & URBAN
FORESTRY JOURNAL

We write concerning an article published in the July 2013 edition of Arboriculture &
Urban Forestry. The atlicle, ‘Review of QTRA and Risk-hbased Cost-benefit
Assessment of Tree. Management' was authored by Mark Stewart, Dealga
O'Callaghan and Mark Hartley.

It is Council's position that the article includes inaccurate reporting-and as a result it
appears to be an unbalanced portrayal of the City of Newcastle, Coungil officers and
consultants in the purported ‘Case Study’ of the Laman Street trees issue.

The specific concerns are as follows:

1. The article purports to describe the situation in Laman Street, Newcastle
immediately following a storm in 2007. We submit that the description is the
opinion of the authors and does not accord with the facts. Detailed reporting of
the facts has been readily accessible on Councils web site for more than 3
years. Council's technical investigations into root architecture contradict the
assertions of the published article Documents 1-4.

2. Mark Hartley had a professional relationship with Save Our Figs Inc (SOF) the
community activist group who campaigned unstccessfully to overturn the
elected Council resolution 1o replace the Laman Street trees.. Amongst a wide
range of activities, the community campaign included two court proceedings
against Council. The Court found in Councils favor in the first and SOF withdrew
from the second. Mr Hartley's professional relationship with SOF is not
disclosed in the article and this raises guestions given the implied and actual
criticisms embedded in the published article. Court judgments - here and here

3. The article states "Without any further testing, three of these trees were
removed”, As none of the authors has any firsthand knowledge of the
“circumstances of the removal of trees in Laman Street in 2007 we reject the
imputation of indiscriminate tree removal embedded in that opinion. We refer to
the case study history of tree failures in Newcastle here




o

10.

The article states "/t is important lo be aware thal, even if the lrees had moved,
this movement would not have harmed people or properly as this was a
seiviceabilily failure rather than a struclural failure”. This opinion was proffered
by engineer Mark Stewart and heritage engineer Bill Jordan in a presentation to
Coungcil ofi the Laman Street trees. The presentation attempted to show fault
with Councils risk assessment. Council officers attending the presentation were
nat permitted to question the presenters, Council published ‘a response to the
presentation the following day here. ‘Serviceability failure’ is an engineering
concept of no relevance or application In tree management. We ask why the
statement was published when any competent researcher could have discovered
the facts and thus avoided the embedded imputation of error and incompetence
on the part of Council and of ourselves. There is no evidence to support their
claim. .

A statement in paragraph three of the Case Study refers to a report by
consultant arborist Dennis Marsden. The statement is factually incorrect .and
would have been seen to be incorrect had there been a more rigorous review of
the manuscript prior to publication. Sugar Factory Report

A statement in paragraph four refers to a QTRA report prepared for Council.
There is no reference to the author or the report despite this information being
readily accessible through a simple web search. That report did not conclude
that the risk of harm was 1 in 19.8 per tree, per year. Why was this error not
evident during manuscript review? QTRA repori 1

A second QTRA report is also méntioned, again there is no author or reference
despite this information being readily accessible. QTRA repor 2

A statement in paragraph five of the article says “Ini the absence of evidence to
the contrary, these trees can be lreated as statistically independent’ We believe
that if the QTRA and associated reporting had been properly reviewed it would
have heen clear that there was extensive and thoroughly investigated evidence
to the contrary. QTRA repott 1

The final paragraph of the case study refers to @ QTRA for the Laman Street
trees conducted by UK arborist Mike Ellison. There is no citation in the article to
{hat assessment. The article does not reveal Mr Ellison's contractual relationship
with Save Our Figs Inc in producing his risk estimates.

The article implies that the initial QTRA report to Council was the basis for
Councils resolution to remove and replace the Laman Street trees. This is
demonstrably incorrect. Council decisions and Newcastle City Council - Key
documents

11. We say that the actual and implied criticisms of the Council, its officers and

consultants are founded on misreporting of the facts and on unsubstantiated
assumptions about the Laman Street tree issues. We assume the criticisms to
be the views of the three authors since there is no clarification in the article as lo
contribution. We assume that engineer Mark Stewart is the academic and lead
author and that arborist Dealga O'Callaghan contributed context on the UK tree
risk, and arborist Mr Hartley contributed on the Laman Street trees. It is our
opinion that Mr Hartley's. and Mr Stewart's involvement with the political
campalgh opposing Councils resolution aught to be disclosed in the article,




12, Mark Stewart and engineer Bill Jordan briefed the full Gouncil on the first QTRA
report for Laman Street. Their comments focused on aspecis of that single risk
assessment report. They did not review the extensive technical reporting that
underpinned Councils determinations.

13. Mark Hartley and Bill Jordan represented community activists in a mediation
meeting with Councll. They presented their views during a breakout session with
Council internal staff. The mediation did not alter Councils view on the trees,

14.In deciding to withdraw insurance cover relating to the Laman Street trees,
Council's insurer was privy to all documients pertaining to the case including
reports and stalements on behalf of SOF by Mark Hartley, Mark Stewart and
others critical of Councils risk and technical reporting.

16, We draw your attention to the background material that shows the complexity of
the Laman Street issues and the facts of the matter. Media release Peer review
and Peer review and engineers report on pull testing and Treenet Symposiuin
Paper We are of the opinion that any reasonable review of the literature on the
Laman Street issues would reveal a substantially different situation than that
presented in the article.

16.-Council has recently completed hydraulically assisted excavation of stumps In
Laman Street in order to learn about root systems confined by dense
infrastructure. The excavations graphically illustrate the validity of Councils
assumptions about root plate asymmetry and the consequential risks in Laman
Street.

With regard to the matters above we submit that:

o the ISA has, in the opinion of Council, left itself open to the allegation that it has
published inaccurate and misleading statements concerning the investigations
and assessmerit of the Laman Street trees by the City of Newcast[e its officers
and consultants,

s the published article arguably does not accord with the aims of the ISA to publish
high quality research.,

o the published article on its face appears to not have been subject to the
application of academic rigor by way of a review process, and as a result is in
Council's opinion neither balanced nor fair.

s there may be a conflict with the ISA copyright provisions in that the article
published in the July 2013 ISA Journal has been previously published in The
Batk which is the journal of Arboriculture Australia (article submitted Feb 2013)
Both articles are substantially the same except for their titles.

We invite your reply to justify what appears to be a flawed arlicle,
Yours faithfully
ww/f )
Pl “W?j/

Frank Cordingley /
’DIRECTOR LIVEA LE ciTy
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By email to gwatson@mortonarb.org
Dear Dr Watson

ARTICLE PUBLISHED IN THE JULY 2013 ARBORICULTURE & URBAN
FORESTRY JOURNAL

Thank you for your response to Couincil's concerns about the Review of QTRA article
in the July 2013 edition of the journal, This letter explains why Council has reason to
be extremely concerned at the extent of errors and misrepresentation of the facts
relating to Laman Street, Newcastle, as published In the journal. The case: study of
the Laman Street issues casts doubt and denigrates Council. In our search for
reasons as to how the authors could so misconstrue the facts, we believe it is
relevant to note that one of the authors had a pecuniary involvement with the
community group Save Our Figs who campaigned to prevent the removal of the
Laman Street trees. Another of the authors also assisted in that campaign. We are
therefore very encouraged by your willingness to consider publishing a letter detailing
our concerns on the content of that paper.

First we point to where we are in agreement with the article, We agree that a QTRA
should be subject to rigorous and independent review and the documents posted to
Council's website show. that Is what occurred with the risk assessments for the
Laman Street trees, Council's 1isk assessors and peer-review arborists are
independent, licensed QTRA practitioners and acknowledged experts in their field.
We agree on the need for tree risk management processes to consider the benefits
provided by trees. This has been Councll policy since 2002 with the adoption the
Statewide Mutual Insurance best practice approach to tree management and with the
2007 adoption of the Urban Forest Policy.

We agree that the process of estimating a probabillty of failure Is subject to
uncertainty. Councll's arboriculture officers are trained In QTRA and other methods
of risk assessment and are familiar with the inherent subjectivities involved.

We accept that QTRA, or In fact any tree risk assessment, should be viewed only as
an aid to support declsion -making, We maintain that the use of QTRA or any other
risk-based approach should not be done in isolation. It should be used as a toal to
assist in-managing the urban forest. In the case of Laman Street there were, in
addition to risk assessments, many other investigations and reports, all of which are
available to the public and researchers. It was this body of evidence that informed
the decision making of Council. The argument that was prominent In the debate
around the removal of the figs, and that is implied in the subject article that Coundll
hased its entire strategy on one risk assessment, Is untenable. For example Council
used the following key elements in its arguments for the removal of the trees:




Constrained, linear and Inadequiately development root plates,

Damaged roots due to cumulative public utility and other Infrastructure works,

Extensive crown asymmetry imposing aneccentric load onto the root plates.

Growth of the crowns above. the shelter of the adjacent buildings.

Support and protection of the trees in a grove with the trees acting as a group

in large wind events,

o Evidence that the trees were resisting overturning in part by using adjacent
infrastructure that was not designed for this purpose.

e An extensive case history of large tree failures in the City with particular
emphasis on large figs in roads.
University of Newcastle wind tunnel modelling.

o A series of risk assessments including but not limited to QTRA.

o ® ¢ o ©

You advised that the manuscript was subjected to the journal's scholarly peer-review
process, and when we referred to “inaccurate reporting” you said that by the nature
of your journal, you do not do reporting of any kind, and so we take that to mean that
the case stuidy was not subject to review. This Is to our detriment because the article
contains so many errors and distortions that it cannot be considered as either
balanced or accurate.

The following points relating to specific paragraphs detail our concerns. In Isolation,
some might be thought less than significant, but because they are numerous and
have been published in a reputable journal, then the potential to damage Council and
mislead the industry about Laman Street is both significant and unwarranted.

1. In paragraph one of the case study (p166) the statement that the trees were
growing in confined openings between the street and the sidewalk Is incorrect,
Mr Marsden’s 2009 report (a report referenced in the article) shows that eight
trees were growing in the footway and six were In the parking lane.

2. In paragraph one, the statement that some of the trees had started to grow over
adjacent hard surfaces is incorrect. The authors have confused reports
concerning fig trees in Laman Street west. Figure 2 In the article is a picture lifted
from one such report and does not illustrate the situation at the base of any of the
fourteen Laman Street (east) which is the focus of the case study.

(€]

Paragraph one refers to past topping of the trees, but apart from mention of
'gaps at the base of four trees’, this is the only reference in the entire article as to
any risk issues with the trees. The evidence reported by Mr Marsden and other
reports on Council's website, shows the trees had defective root plates and were
growing to failure as their crowns had risen well above the protection afforded by
the Art Gallery. Why omit any reference to the substantive and documented
Issues of crown exposure, crown asymmetry and defective root plates? Mr
Marsden's 2009 report (pp 14-18) details these issues. While the authors ignare,
or are Inexplicably unaware of these well-known substantive issues, it does not-
mean that the Issues did not exist at the time or that Council did not address
them in its decision making.

4, Paragraph two (p166) refers to gaps at the hase of four of the trees. Mr
Marsden's above-mentioned report found evidence of root plate movement in two
and not four trees,




5. In paragraph two (p166) the statement “Withoit any further testing, three of these
trees were removed” is not only incorrect, but it insinuates that testing could have
been undertaken and the removals were In error. There was ho method for
testing the stabillty of street trees with roots interlocked with pavement, high
voltage power and communications cabling. Council officers confirmed the
visible evidence of structural root fallure after a 2007. storm caused extensive .
damage in Newcastle. In developing a risk management response, it was
prudent for Council to consider the recent history of fig tree fallures in adjacent
streets, and the 2006 Laman Street investigations showing the absence of
mechanically effective root plates. The available technologies such as static and
dynamic testing were at the time, and appear still to be very experimental and
essentially untested and unproven on figs (or any substantial tres) growing In
pavement in an urban environment, Essentially, any resuits, even if the tests
were found by Council to be feasible or affordable (they were not) would have

- been Interpreted based on no available relevant published information. In other
words the whole process would have been a large experiment using scarce
public funds with no guaranteed outcome, It is relevant here to point out that
Save Our Figs (SOF) the community group opposing tree remaval engaged one
of the authors, Mark Hartley, He wrote to Councillors in September 2010 arguing
that a pull test ‘would put an end to any uncertainty’. Mr Hartley's letter included
a quotation to undertake the testing himself, In an open Jetter distributed widely
in November 2010, Mr Hartley again proposed a static pull test for each of the
Laman Street trees.

6. In paragraph two (p166) the statement “.. even if the trees had moved...” is
incorrect because it denles the facts, The evidence was unequivocal ~ the two
southern trees did move, The movement was observed, measured and
photographed, then reported to Councll with details published to Council's
website, An opposite tree on the northern side of Laman Street was assessed for
increased exposure after removal of two trees on its windward side. Increased
wind load exacerbated by extreme crown asymmetry and the accumulated
evidence of a linear root plate led to a decision to remove the tree. The evidence
published on Council's webslte supports Gouncll's decision. Evidence from
hydraulic excavation of the root plate of one of the wind-rocked trees and
published to Council's website shows severed wounded buttress roots; weak,
linear root regeneration, and absence of compression support. The safety
implications from very large trees with mechanically compromised root plates in
the most heavily used public place in the city, made tree removal unavoidable, In
view of the published evidence there is no justification for denying the condition of
the trees or for insinuating that Council erred as with the statement “... even if the

- trees had moved....", The best possible connotation that can be placed on this
statement Is that the authors falled to investigate or read any of the readily
available information when preparing their paper. '

7. The claim in paragraph three (p166) that a consultant was engaged to assess the
safety of the trees is simply not correct, The detailed brief at page & of Mr
Marsden's 2009 report makes no requirement to assess tree safety.




8.

10.

1:

In paragraph three (p166) the authors claim that Mr Marsden concluded that
trees be removed within five years based only on a stage one visual tree
assessment. This is not only incorrect; it is also a repeat of the SOF attack on Mr
Marsden's credibility made during thelr Public Voice presentation to Councll in
2010. At that presentation they wrongly accused Mr Marsden of recommending
tree removals to another local government council, without undertaking stage two
VTA investigations, They claimed that based on VTA alone he had
recommended removal of 100 trees, with 35 trees for immediate removal, They
contrasted their view of Mr Marsden’s approach with that of Enspec claiming that
Enspec adopted a preservat;on approach characterised by scientific testing such
as the use of sonic tomography. Mr Marsden was forced to publicly defend
himself despite having made no recommendations whatsoever for tree removal -
in fact his recommendation was for stage two investigations. There is no
justification for the authors to misconstrue Mr Marsden’s conclusions or to make
a statement attacking Mr Marsden’s credibility as they have done in the case
study. Mr Marsden's 2009 report conclusions Include ten paragraphs addressing
the full rangé of matters required by the brief, There is no truth to the claim that
Mr Marsden had recommended tree removal based on a stage one VTA.

Paragraph four (p166) refers to-a September 2009 QTRA report prepared for
Councll but the report is not referenced desplte bemg readily accessible at the
time the manuscript was being prepared, and still is accessibla today on Councils
website.

hitp.//www.newcastle.nsw.gov.au/ _data/assets/pdf file/0012/100065/09R3340
LamanStFigs 1.pdf

Paragraph four (p166) states incorrectly that the September 2009 QTRA
concluded a risk of harm of 1 in 19.8 per tree per year, That QTRA report details
the reasons for assessing the trees as a group as opposed to Isolated individuals.
On page six a probability of failure is calculated for the 2007 calendar year, and a
risk of harim is estimated at 1 in 19.8 for a year when an unusual weather event
occurs. The assessor says that the risk of harm to people from each of the trees
is extremely high during extraordinary storm events. The September 2009 QTRA
was not a standard QTRA conforming strictly to the product user manual. There
Is no "rule book' or imandatory procedure for conducting a QTRA or for any other
risk assessment method. The adequacy or otherwise of any particular risk
assessment is Ultimately determined through the courts,

. In paragraph four (3166) the statement “... the reports declared the level of risk as

“unacceptable.” * is Incorrect - the reports did not declare the risks unacceptable.

The September 2009 QTRA (p7) says the probability of tree failure is much
higher than that which is required to meet the acceptable risk threshold. A
second QTRA by an independent consultant (also unreferenced), concludes that
the risk of harm was net within the acceptable limit. To say that a risk is not
within the acceptable limit, or that it is higher than that required to meet the
acceptable risk threshold, is to state a fact, but saying that a risk is ‘unacceptable’
Is stating an opinion. There Is no justification for such misreporting




12. The last paragraph of the case study (p167) refers to a January 2012 QTRA by

13

14,

Mike Ellison who is said to have estimated a ROH of 1 in 170,000 for the ‘worst'
tree and 1 In 2,000,000 for the 'best’ tree, The source of these estimations is not
referenced 5o the figures and the means by which they were determined cannot
be validated. As a consequence of this, the authors' argument that Laman Street
QTRA reveals large discrepancies in the estimation of probability of failure
hetween two licensed QTRA practitioners and the developer of QTRA does not
stand. Table 1 (p167) of the article compares the results for a single tree in
Laman Street but as we have said, Mr Ellison’s figures are not validated and
therefore the data in table 1 cannot be used to support the proposition, The
Council's September 2009 ROH has been misconstrued as we have shown and
so the figures are not comparable with figures estimated in accordance with the
prescribed QTRA method, if that is how they were estimated, :

The final paragraph of the case study (p167) states that Council's licensed QTRA
practitioners calculated a ROH more than 8000 times higher than that derived by
the developer of QTRA. In view of the inherent subjectivity of estimating a
probability of failure, there is no justification for insinuating that the developer of
QTRA Is any more adept at estimating a ROH than any of the licensed users
engaged by Councll. In order to judge the efficacy of QTRA for the Laman Street
trees, it would be necessary to review the brief for each assessment and the
assumptions and actlons underpinning the assessor's estimations. As we have
shown, this cannot be done with respect to the estimations ascribed to Mr Ellison.
It is relevant here to point to the public record that shows that Mr Ellison was
flown from the UK to Newcastle under contract to SOF as part of thelr campaign
to prevent the removal of the Laman Street trees, During his visit to Newcastle
Mr Ellison went on record as acknowledging that he had limited experience with
the tree specles, and that he made no detailed inspection of any of the trees
because access was denied by perimeter security fencing.

The last sentence In paragraph four (p166) is wrong in stating that Councll made
a decision to remove the trees based on the level of risk. As explained at the
beginning of this letter, there is no evidence whatsoever to show that risk
estimations for the Laman Street trees were ever considerad as anything more
than aids to Council's decision-making. The documentation published on
Councils website shows the extent and importance of considerations other than
tisk that contributed to the decision to remove and replace the Laman Street
trees. These included environmental, financial, liabllity, .soclal and heritage
studies, facilitated design workshops as well as ‘practical and political
considerations, Over the course of three years Council developed and
implemented a responsible and defensible risk management -approach whilst
planning the renewal of Newcastle's most important cultural space. Estimations
of risk contributed to the process but there is no basls for framing the Laman
Street issue as a debate hinging on mathematical probabilities as attempted in
the journal article,

To conclude, it appears the authors have spent their time criticlsing a single QTRA
report rather than engaging with Council and discussing the real reasons for the
removals based on the body of evidence collected over many years,

The decision to remove the Laman Street trees was a well reasoned decision that
went before Council in the form of 22 reports over three years and the decision was
supported by a majority of Councillors.




The lead author had the opportunity to outline his arguments In a briefing to Council.
At that meeting Professor Stewart agreed that he had not looked at any of the other
reports Into the frees other than the September 2009 QTRA, and it appears from the
article that he still has not done so. It is telling that Councillors chose to agree with
the officers’ reports, despite a significant community pressure, rather than with
Professor Stewart,

It should be noted that since the trees were removed root mapping of three of the
trees has been completed. The information from that exercise validates Council's
case for tree removal-as it confirms and complements our previous investigations as
to the inadequate root plate architecture for large figs growing in constrained urban
conditions, '

We believe the Journal’s scholarly peer-review process failed for whatever reason, to
identify and correct errors and distortions in respect of the Laman Street case study.
In addition, the peer-review process falled to identify that unverified data and reports
were used to support the authors' arguments and concluslons, As a consequence
the article does not bring credit to the ISA and Its journal and the reputation of
Council, its officers and consultants is damaged.

The City of Newcastle is justiflably proud of its groundbreaking achievements in
urban forest policy development, and its systematic asset hased approach to
managing more than 112,000 public trees. :

We therefore seek your support in reaffirming our reputation by way of publication of
this letter at the earliest possible opportunity.

Yours falthfully

NN

John Johnston
MANAGER INFRASTRUCTURE MANAGEMENT SERVICES

NB: As requested we have attached a copy of the Arborlculture Australia article
that preceded publication in your journal,
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1. INTRODUCTION

An important aspect of tree management Is to assess the
likelihood of a tree causing harm (injury, death and/or property
damage, disruption of activities). In recent years, the potential
“for trees to cause harm has heen highlighted by glevated

media coverage of tree caussd injuries or fatalities. The reality,

however, is that the risk of being killed or injired by a'tree
s extremely low. For example about three people per year in
the United Kingdom (U.K.) are killed by trees in public places,
and the. fatality risk-per tree is 1 In 150 million for all trees in
the U.K. or 1 in 10 million for trees in or adjacent to areas of
high public use (HSE 2007, NTSG 2011), In the United States
(U.S.), there were 407 deaths from wind-related tree failures
in the 13 year period 1995-2007 (Schmidlin 2009), -or 31

fatalities per year (nole that the U S. population is 5 times that'

of the UK)

There has been much debate about the risk tiees pose t8
human populations, In the U.K., the debate was- heightened
{ollowing a high profile case, Poll v Bartholomaw (2006) which
involved a motorcyclist being hurt by 4 tree that falled. It was
never clarifled as to whether the tree fell on to Mr Poll or he
‘came around the corner on his bike and collided with the fallen
tree, in arly event he sustained personal Injuries. In this £ase;
the Gourt decided that a large private estate did not have an
adequate system. for the inspection and management of trees,
which was -an annual drive/walk by -assessment, The Court
concluded that Inspectlons should be undertaken by gualified
and competent inspectors. ‘Speculation that this judgment
placed an excessive burden of tree inspections on landowners
created an-air of anxiety. This resulted In'much uncertainty and
many trees being unnecessarily felled for fear of litigation (e.g,;

- NTSG 2071). This understandably, made decision-makers more
risk averse than they otherwlse might have been,

Systems have been developed to try and assess the likelihood
of trees failing, and the harm that mlght be caused In the
event of failure. Matheny and Clark (1994) developed a hazard
- ‘evaluation system that assigns a numerical value between 1
and 4 for (i) fallure potential, (i) size of part, and (i) target
rating. These are then totalled to produce a hazard rating

“between 3 and 12, Other tree. risk assessment systems.

‘include: THREATS & THREATS-NR' (wwiv.flac.uk.com), The

‘Bartlett Tree Expert Company’s 'Tree Risk Management’ 2

Edition (Smiley et al. 2007), and the ISA's Best Management
Practice for Tree Risk Assessment (Smiley etal, 2011),

Ellison (2005) took a probabilistic approach to tisk, and

,developed the Quantified- Tree Risk Assessment {QTRA)

gystem. This system atlempts to provide a ‘quantitative
framework for the assessment of the three components of fiée
risk: (1) target value, (ii) probability of failure, and (iii) impact
potential. The system assesses the probabllities of the three
components of risk and calculates their product, which allows
skilled tree inspectors to quantify the risk of harm from tree
failure, which In tum facilitates the halance between tree saféty
and tree value,

Quantified Risk Assessment (QRA) has been in wide use I~
fisk management since.the 1960. The QRA assesses hazard
likelihood and system' vulnerability using sound physical
modelling of failure processes, and recognmon of uncertainty
and varjability of influencing varfables. This is absent from
the QTRA system which seems to- rely more -on subjective
asseéssments, particularly for probability of tree failure.
Moreover, the GTRA system-does not consider ‘henefits’ in
the risk assessment component: where costs and benefits-are
compared, but rather relegates this to information contained
in'the practice notes.

in principle, QTRA is a welcome development because a
quantified risk-based approach to tree management Is based
on sound decislon support principles: This paper explains
the princlples of QRA, -and identifies s5ome’ Weaknesses in‘the
QTRA progess.that: could be rectified by the mcorporatfon of
additional QRA principles in-any revision of QTRA. The paper
will also show how a cost-benefit analysis that considers risk
of harm, costs of tree removal, benefits of tree amenity,.and

‘other costs and benefits can be used to. compare costs and
‘henefits in a rigorous manner. This type of risk-and economic

assessment can better inform decision-makers.
2. GUANTIHED'TREE RISK ASSESSMENT (,OTRA)

The QTRA process is-developed and documented by Eilison
(2005) and the Quantified Tree Risk Assessment User Manual

V3,06 (2012). Risk of harm (ROH) is calculated as (Ellison
2005):

| =]




Risk of Harn
potential
where *harm’
of failure Is the annual probabiiity that a tree or selected
treg=part ‘will fall. The target,value is the probability that-a
person, vehicle or property will be Impacted. The impact
potential is the probability of harm a falling tree, or part of a
tree, can cause to a pedestrian or vehicle, The risk is deemed
"unaccepiable" }f the ROH exceeds 1 in 10, 000, -

3. CASE STUDY - LAMAN STREET FIG TREES IN NEWCASTLE

The city of Newcastle in New South Wales (Australia) had 17
mature fig trees (Ficus.microcarpa var. hillil (Hil's weeping
flg) on both sides of Laman Street in the heart of the city,
see Figure 1. These rees were estimated to be'in excess of
70 years of age. They have been lopped (topped) on ‘multiple
occaslons. Over the last few decades, however, lopping
treatment. has ceased and trees were left unpruned. Althouigh
growing in confined opemngs between the street and footpath
(sidewalk), the trees were considered to have good health and
vitality.-Some of the frees had started to grow partially over
the adjacent hard surfaces.

In June 2007; a severe east-codst low caused wind speads
of 124 km/hr_and intense rainfall, As a résull, gaps appeared

Probability of failure x Target value x Impact

between the base of four trees and the adjacent hard surfacaes, -

see Figure 2. ‘Without any funher tesﬂng, thiee of these tfees

was manilared over the followlng month to check for furiher
movement. This'tree was then determined by Newcastle Cily
Councll (NCC) to be stable, and-subsequently refained, It is
important to be aware that, even if the trees had moved, this
movement-would not have harmed people o properly as this

wasa serviceabimy fallure rather thana stmctural failurs.

In August 2008 NCC engaged a consultan! to assess the
‘stability and safety of the remaining 14 tress. The Stage 1
Visual Tree Assessment concluded that "the frees with the
shortest SULE (Safe Useful Lif Expectancy) will dictate the
outconie for the entire graup The shortest SULE is category
4: iemove within 5 years” (Marsden 2008), In responise to this

deterinination NCG sotight to have the risk posed by the tress.

assessed in order 1o determine an appropriate management
strategy

In September 2009, 2 Quantified Tree RiSk Assessment (QTRA)
was prepared for Neweastle City Council. It concluded that he
risk of ‘harm (ROH) was 1.in 19.8 per tree per year, and that
the probability of tree failure'was 1 in 7.5 per tree per year
(see Table 1). A-subsequent report by another arboricultural

consultant reviewed this first QTRA report and conclided:

in 2010 that “On review | belleve that this repoit provides a

reasonable assessment of the quantified risk-of harm.”. Both.

sonsultants were ‘licensed” QTRA practitioners, Since the ROH
exceeded the QTRA suggested ROH threshold: of1 in 10,000,

1 key daourments are avallable on the NCG weh site
W HEwCaste.Aisw.gov. au/envlmnmentftree managemenl/
laman_streal_figs/key..documents

"5 defined as serlous injury-or death. Probability.
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the reports declarad the level of risk as “unacceptable" Based
on the level of risk, NCC made a decision to remove the trees in
late 2011, and the trees were finally removed in February 2012,

The 14 remaining trees survived for over 4.5 years (June 2007

‘to February 2012) before they wers eventually removed. Whilg
Ahere may be some correlation between tree performance
along a street, there is no evidence of this oceurring in Laman
Street as iaa!ures wefe {solated avents (i.e. one or two trees

may fail, but not all trees al the same time) due to the high

variable nature of localised tree root conditions and ‘wind
environment. In 1hg ‘absence of evidence to. ihe contrary,

“these 1rees can be treated as-statistically mdependeni Using

the QTRA results the expected (average) number of deaths or
serious injuries in four and a half years between the storm and
tree removal js ,

E(fatalities) =Nx ROH xtime = 14 1/10.6 % 4.5.= 3.2 fatalities o1 serious injiiries

(2)

where Nis the number of rees (N=14), and T Is the time
pariod in years (T=4.5)

‘Similarly, the axpested (average) number of failures in four
and a half years is

The probability that no tree should fail in four and a hall years is

; s;z(n’u tree faitures) = [1 - PeGuiee Failare)) ™ = [1-1/7:5]"" =0012% o Vs,;m

-and so the ptobabi!lty of at least one res will fail in fourand a
*hall years is

Pé(at least gié e Talure) = 1-[1 - Pecee. fallure)] ™" = 1=<[1 =1/2.5]""* =99.99%,

These relatively straightforward - probabllistic  analyses
were nol included In the consultant reports prepared for
NCC, Likewise, these pmbabjlmes appear not 1o have been
consldered and/or appropriately weighed by NCC in making
the declsion ta remove the tregs. This type of analysis enables
a reality chieck' when extrapolating rates of faflure and harm
fora smgle tree to.a group of trees, These analyses indicale
that the ROH provided to NCC_by the OTRA assessors were
excessively high, Moreover, all 14 trees remained upright,

dlespite a-predicted 99,99% probability that’ at least one, tree

would fall in a 4.6 year period.

A tisk of death (or harm) per tree per year of 1 in 19.8.Is the
highest estimate observed by, the lead author for any activity.

Bltree Tailures) =N % Pr(ives failnr_e) ¥lime= 14 x1/758%4 5=84 free Failures

8

A single fig tree in Laman Street is ten times more dangerous

than smoking 10 cigarettes 2 day. (BMA 1990), ten times
more dangerous than World War Two (Mueller and Stewart
2011), 75 tlmes more dangerous than miountaln climbing
(BMA 1990), and 500,000 times moré dangerous than frees
in public places in the 1] K, (see Intraduction where fatality risk
‘pe tres is 1 In 10 million for trees in areas of high public’ 11s8);

A QTRA of the 14 trees was undertaken by Mike Ellison

in-January 2012, He estimated the-ROH 10 be 1 in 170,000

for the worst tree, and ROH of 1 in 2,000,000 for the best
tree- (see Table 1). The largest d:screpancy occutred In the
‘estimation of probability. of failure, The fact that two ‘licensed’
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QTRA practitioners can ca[oulate a ROH that Is mare than
8,000 times higher than that derived by the developer of GTRA
is a cause for concern,

4, QUANTIFIED RISK ASSESSMENT (QRA) AND DEGISIGN-
MAKING

There is a long history dating from the 1 960's on QRA and
Its appl cation to decisiori-making. Applications of QRA
range from assessing the safety of nuclear power plants,
off-shore platforms, alreraft, missiles, toxle materials to
assessing the cost-effectiveness of medicines to road safety
to aviation security to flood protection for communities.
These applications arise because there I8 uncertainty and
variability of the hazard ‘and risks, the costs of failure are
high -or catastrophic, -costs of protsction are also high,
and pubilc safety needs to be safeguarded. The declsions
also affect many interested parties; so there s a need for a
decision process that ‘has scientific_ rigour, Is transparent
and acceptable to society. An understanding of the principles
and practices that underpin QRA provide context for-future.
developments to QTRA. We would recommend that the QTRA
system should develop ionger and more intensive training that
includes the principles of QRA as'a starting point.

4.1 Risk Assessment Pracess

In performing a QRA, a number of steps :are basic to the
analysls, and independent of the syslem heing considered.
As applied in the engineering, insurance, pharmaceutical, and
manyother industnes for many decades, the basic definition
of risk has been standatdlzed by international agreement (IS0
31000-2009). The process Is stiown in Figure 3 and can be
summarised as (Stewart and Melchers 1997): ;

1. Define -context, The system being examined, -and the
- internal and external Influences, must be known and
defined.

2. Analyse hazard seenarios. |dentification of what might
go wrong, when .and where, is crucial to. the analysis:
Once the potentlal threats and ‘scenarios have - been
identified, it is necessary to identify how and why these

_ threats of scenarios can be realised.
It requires the threat of hazard scenarios to-ba examined
(and understood) in considerable detail. Information
from databases and other past experiences will iplay an
important part in hazard scenario analysis.

3. Analyse risk
RISK = (probability of fallure) x . (consequences) (6)

Risk (or expected loss) may be glven in terms of doliars,
the number of human fatalities, etc. for a specific time
period (often annually). Typically, the probabilities are
gstimated from-a combination of relevant data and
statistics, predictive- models of system reliability, and
subjectwe judgments as a Jast resort.

4. Evaluate risks. Analysed risk must be compared with
griteria - of risk acceptabllaty, usually applying past
‘experience as a guide. If the risk of death is less than one

in a million per year, risks are conventionally considered
acceptable if the benefit-exceeds the cost.

5, Treat the risk. If the esttmated risk exceeds the risk
acceptance criteria, risk treatmient is required, This may
involve risk avoidance, risk reduction, or risk transfer. In
all -cases, the proposed course of action requires careful
evaluat(on Consideration must be given lo poss;ble
options and to the likely. effect of their mplementatmn,
such as opportunity costs, This: might invalve one or
‘more:new risk analyses to gauge the effect of changes.

Monitor and review. Usually a risk analysis presents
" only.a snapshot of the risk at a particular point In time.
Therefore, there Is a need to monitar the system:and fo -
repeat the risk analysis at regular intervals,

g

The key objective of a nsk assessimient is to make an informed

risk=based decision. Thus, evaluating the risk by deciding on
risk acceptance criteria Is a crucial step. In the steps above, the
two'substantive and challenging steps are (i) analysing the tisk,

-and (i) evaluating the risk. These two steps are now. discussed

4,2 Analyse Risk-

Assessing -the consequences of system failure is. often

relatlvely stra:ghtforward The consequences of a failure event

are generally measured in terms that directly affect. people and

thelr énvironment such as foss of life or injury and economic
losses. The estimation of consequences can often be fairly
accurate. For-example, the consequences of a bridge collapse
dre cost of replacing the bridge, vehicle occupant fatalines
and indirect losses due to traffic diversions, loss of business/
productivity and other social costs. The most contentious

¥ issue Is how to place 4 monstary value on a human life,

Paté:Cornell (1994) suggests that a cost per life saved of $2
million_or less is appropnate for ‘current practice, ahd the
United States Depanmem of Transport adopts a figure of $3 .
million (Viscusi 2000). For_homeland security cost-benefit
assessments, Robinson et al. (2010) recommend a Value
of Statistical Life (VSL) of $6.5 million in 2010 U.S. dollars.
For most activities a VSL ranging between $2-$10 million is
typical (Viscusi 2000), as this provides a reasonably accurate
reflection of societal considerations of risk acceptability and
willingness to pay 1o save a life.

Estimating the probability of fallure is, it genera! more
challenging to prediot than' consequences, This is pamculally
so for.low- probability events, where fallures are rare and the
system under consideration is unique or- one-off in terms of
its design, manufacture, -operation or environment (such
as offshore platforms, long-span bridges) For engmeering
systems, failure probabilities are: often calculated from
computational models that consider the variability and
uncertainty of system response, loads, environment; and
workmanghip. Such analyses can.take many person-years

to develop; If performance. data are available interms of -

fallures and successes then statistical methods can be used
to calculate fallure probability -and databases -agsemble such
statistics. Either way, a thordugh understanding of statistics
and probabilistic methods is required.
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As a last resoit, expert opinions may be elicited (Ayyub Many risks can be reduced, but at increasing cost until they
2001, Paté-Cornell 2002). Expert apinions are subject to a  become excessive compared with the benefit. i-annual fatality
1umber of issues and problems and so should be used with risks are not unacceptably high or are neghglb!a, then risks
some caution, However, Paté-Cornell (1986) -conclydes that may ‘be acceptable if the benefits outweigh the risks. The
‘experts’ opinions areé Indispensable given the scarcity of ‘benefif is the reduction in risk (damages or falalities averted)
unquestionable data sets', assoclated with a decision, and the ‘cost' is the cost of the

What underpins any method for estimating failure probabilities decision. The net benefit or net present value (NPV) is equal to
s an understanding of the failure modes and thelr cause, In benefit minus the cost. The nel present value or net beneflf Is
sther words, sound physical madelling of failure processes, (e.9., Stewart 2010):

and- recognition of uncertainly and. variability of influencing N!?chE(B)+AR[P:*U,Z;iIure)x,Consequen‘cc{sr]—,CM
variables, will lead to more robust estimates of failure 7) ‘ ’ '

probabilties: \ .

e , _ where E(B) Is the expected benefit from the decision no
4.3 Evaluate Risks or Risk Acceptance Crlterla directly related to mitigating the risk; Pr{failure) is the
While risks. are seldom dcnaptab!e they are oflen tolerable {or probabmiy of failure assuming no risk mitlgaﬂng measures;
accepled reluctamly)i { the benefits are seen to.outweigh the and Gonsequences Is the loss or consequence it fallure
costs. The'Health-and Safety Executive in the United Kingdom  ocours. The reduction in risk (AR) Is the degree to which the.
puls it this way: decision or risk mitigating measures reduces the likelihood

“Tolerabllity does not mean acceptance: It refers fo the of failure and/or the losses. susialned in-a fallire. The cosl
willingness {o live with a risk to secure cerfain benefils of reducing the risk including opportunity costs Is G,g. This
and in the confidence that it (risk) is being properly equation can be generalised for any time parlod, dlscg)qn ing
conlrolled, To tolerale a risk means that we do not regard of future costs, and more detailed time-dependent cost and
it as negligible or something we might Ignore, but rather damage consequences. it NPV>0 then there is a net henefil
as somelhing we need to keep under raview and reduce and so the measure fs cost-effective.
still further If and as we can.” (HSE 1992). 4,3,3 Risk Aversion

There Is a large amount of literature devoted o the problem of  For low - probability-high consequence events declsion-
how to define what risks are acceptable to sociely, and those makers tend to be risk-averse because of ‘the cataslrophm
which are not, since all activities bear somé risk (for a review «or dite nature of the hazdrd or event, I, However, while many
see Stewarl and Melchers 1897), The regulators of potentially. - Individudls may be risk-averse, government and society are
hazardous Industries and aglivities such as the U.S, Nuclear fisk-neutral when assessing Tisks because governments have
Regulatory Commission, Federal Aviation' Administration, @ high degree of cost and benefit diversification niot available
and the Environmental Protection Agency set risk acceptance - to individuals (Sunstein 2002, Faber and Stewart 2003,
critaria based on (1) -annual fatality risk, and (i) cost-benefit  Ellingwood 2006) A ‘risk neutral’ risk assessment eutans

analy_sns ; using ‘mean of ‘average estimates for risk ‘and cost-benefil
4.3.1 Annual Fatality Risks calculations, and not viorst-case or pessimistic estimates, as
il Eatally Fis mandated for exampie, by the U 8. Office of Management. and

Stewart and Melchers (1997) and Mueller and Stewart (2011)  gydget (OMB 1992).

reviewed the quantﬂatwe safely goals used hy the U.S. Nuclear

Regulatory Commission, U, K. Health and Safety Execuive, Probability mieglect is a form of risk aversion 48 -decision-
Australian and Dutch hazardous industrial development makers are clearly averse to evenis of lage magnitude
regulators, and others, The consensus risk acceptance criteria Irtespective of the probability of it actually occurring. Ullit
'obialned fﬂf mveluniary fammy ﬁSk o’ an ]l’]diVidUal HTB ShOWU; theosy gan be used if the GEGIS Dﬂ maker wishes iO eXpﬁciﬂy
rough, guideline for public policy: Stewart et al. 2011).

+ Annual fatalty risks higher than the fange 1x10%t0 1xfgs  The lssue of risk aversion s not a new ong, but has been
(one in a thousand to.one In ten thousand) are deemed well reséarched and documented for politically sensitive: and
unaceeplably high or a de manifestis risk, controversial decisions such as nuclear power safely and

aviation safety, In these cases, risk acceptance criteria have

» Annual fatality Tisks in thie range of 1x10-3 to 1X10-6  paen developed based on annual fatalily risks and net benefit
(one-in ten thousand to one in‘a million) are generally analysis using expected (mean) vallies.

acceptable if the benefits outwelgh the risks 1o provide an
economic or social justification of the risk. 4.3.4 Peer Review

» Anmual fatality risks smaller than 1x10% o 1x107 (onedna  Finally, a peer review will add to the quality of the risk analysis
million to one in ten million) are desmed as negliglble ang  and assessment, and the: decislon-making process ,ﬂ“d 50
further regulation is not warranted. enhance the credibility'of decislons. This is particularly so

g T = for décisions which have the potential for political and public

4.3.2 Net Benefit or Cost-Benefit Analysis repercussions or where the assels hiave heritage, ecological or
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‘cultural significance,

5, QUANTIFIED TREE RISK ASSESSMENT (QTRA)

5.4 Calculation of Risk of Harm ’

Tho probability ‘of fallure is the most subjective paramiater
to quantify whien estimating Risk of Harm. According to the

‘QTRA User Manual V3.06 (2012) there is an order or more

of magnitude between each probahility of failure range used
on the QTRA calculator starting from-1/1 and ranging to

1/1,000,000; The QTRA User Manual (2007) points out thal

trees that-have a low probabxlity of failure “are at signilicant
tisk of Tallure oniy durmg very extreme. weather events”, a
staterment supported by the cbservaﬁons of -Guggenmoos:
(2010) in relation o damage to overhead power lines following
catastrophic storm svents In North America,

- There.seems {0 be Jittle guidanc,e to OTRA pracntloners on how
to assess the probab;lity of failure. There are no inst ructions
~ on how fo underiake a statistical analysls of tree failures, how
likelihoods. may be estimated from wind speed.and: rainfall
_records (If these aré the hazards contributing Lo failure), how
~mode of failure affects failure probabilities, how to estimate
80" or gon persenme conhdence intervals on pledmnons o
~ how to extrapolate probability of fallure.per tree to a-group
of trees, see Equationis (2) to (5), At this: moment, the QTRA
progess of -estimating: probability of fallure Is sub]ec! to
‘a degree of uncertainly because of the complex variables
involved in tree biomechanics and tres fallure, variahle weather
conditions; and varying levels of expertise of the assessors;

There Is also a need to complle datasels: on tree failures
and fallure rates in'a format suitable for benchmarking. The
International Trea Falluré Database (ITTD) for example, may
be very useful for determinmg the number of failed trees, hul a
calculation of probability.of failure (failure rate) requires also the
~ number of trees that have not failed (fe. unfailed trees), and the
time period over which failures were observed, see Eqn. (1 0).

- Benchmarking allows the predictad probabihty of failuire 1o be.
compared to known statistics of failtire obtained from relevant
datasets. For ‘example, Is the assessed tree likely to he 10
times more likely to fail than an average tree, ahout the same,
or 10 times less? Probability. of fallure'may also incrsase with
time If deterioration Is observed, or perhaps those thal have

failed were weaker and so remaining trees are less Vulngrable,
{Calculated risks will b most sensitive to probability of failure,
and more scientific approaches. and detalled gmdeﬁnes are
needed to betier. esumate this parameter.

The QTRA guidehnas provide signifmanily morg detailed

instructions on quantifying target value, This is to be expected

since It is not particularly difficult to assess the likelihood that
people or vehicles will be under a tree at any point in time. In
a busy straet it will be approximately 50- 100%; and for a park
maybe 10-20%. Either way, any estimate will be accurate 1o
+10—20%

One issue that needs fuﬁher elaboration is that trees are most

vulnerable during perlods of high wind and/or rain. These are.
: cimumstances where many people avold the outdoors: thusi

i

reducing the target value quite consuderably Although the
influence of weather is not discussed by Ellison (2005), it is
discussed and some guidance is provided In the QTRA User
Manual (2012). :

The guidelines for impact potential are quite prescripﬂye and
are based on size of tres part likely to impaet the target. !mpact
partio 1/2 500 for.a 10- 25 mm tree part. |f a tree o tree: part
were to fall, and a person was under the tree at the fime, there
will not be 100% surely of harm to the person no matler how
large. tha treg-part, Afree has a large cariopy, and a tree, could
fall away from an individual, ora tree-part fall on the opposite
side to'where a person is standlng Therefore, the upper limit
of 100%: seems too hlgh and a more’ reasonable upper limit

- may ba say 26% or 50% depending on the size of the tree.

Impact potentials would séem to be over-ﬂstimaied in the
QTRA gmdelines

Fmally, there is some evidence: that resulls from a QTRA ars
highly subjective; Norrls (2007) asked twelve experlenced

~arhorists 10 assess eight tress using elght different fisk-

‘assessment methods (see Figure 5). For QTRA, the risk
of harm ranged from 1419 to 1/128 milljon. The lowest
and highest values were obtained from- QTRA licensed
‘practitioners. The range in probabllily of fallurs was 1/2 to
1/50,000. Such a large discrepancy should be a concemn,
as should the dlscrepancies hetween two  licensed QTRA
practitioners-and Mike Ellison who developed QTRA In the
case of the Laman Street fig trees.

5.2.Risk Acaeptance Criteria

“If thie ROH exceads-1 in 10,000 then the QTRA process deems

sthat the risk s “unacceptable” and remedial action is needed
1o reduce the risk to-an acceptable level (Ellison 2005), In
principle, this risk acceptance criterion has. much merit, but
mnay be viewed as prescriptive, There is much evidence that
-annual fatality risks that exceed 1in 1 ,000 are unacceptable,
and that risks between 1 in 1,000 and 1in 1 million may be
accaptab!e if the ‘henefits: outweigh ihe risks ‘(see Section
4,3.1). There'is no clear consensus about at precisely what
level risks become unacceptable 50.any - prescnbed safety
goal needs to be interprated with some flexi bility Ellison
(2005) notes that “the hazard could confer benefits that might
be set against the. risk of harm” This. Infers a cost-benefit
assessment, bul the QTRA prosess. does no‘t offer guidance
on how a cost-benefit analysis shonld be underiaken, The wo
cost-benefit examples 10 follow are proyided to. mumate some
ey nost—beneﬂt assessmem noncepis

52,1 Example 1 - Net Benefit n?Tree Removal

Lel us assume that tres removal Is the recommended decision,
and this will cost $10,000 per tree, If this cost is.spread over
Tyears, then the annual cost discounted to present values is

8)




wherg G, is the total cost and ris the discount rate, If costsare
annuaIESed over T=10 years at 1=3% then this gives a present

valye of appmx:mately $1,200 per year, This might be viewed.

as-a direct cost. However, an opportunity cost might also be
associated with loss of amenity (shads, viewpaints, property
value) which might be say $1,000 or $5,000 per vear,

The benefit of tree removal is that it will remove all risk, and

50 AR=100%. Another benefit of treé removal is that it may]

eliminate root damage (o] pavemem and services producing
maintenance savings of $250 per year, The losses if a tree

were to fail would be damage to adjacent praperly and ldss of

life totalling $5 million,

Al costs are converted to annual costs to ensure consistency

of units, All values - are fllustralive only to. help explain
parameters and tradé-offs between costs and benefits, The
NPV.ar net benefit for tree removal is (Eqn ;

NPV=E09+ARWOHxCMJ Cae0)

where:

# ROH = sinnual risk of harm (ROH) per tree

* E(BY = $250 per year (no root damage to infrastructure)
oy AR'—1OD% (tree removal eliminates all risk)

* G, = $5 million (consequences of tree failure)
L] = $1,200 per year (cast of tree removal and no loss of
o amemty)
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‘Maintenance costs associated with root damage to pavement.
and services costs $250 per year, Hence, C N =$15,250 per
year, and C,=85 milllon as assumed above. A benefit of
refaining ‘the trees may be pubhc amenity; Which may vary.
from E(B)=$1,000 o E(B)=$5,000 per year,

Net Benefit Is calculated from Eqn, (9) using the parameters
described above (sae Tablg-3), If the ROH Is 1/100 or greater
then risk mitigating measras are cost effective, Howaver, the
benefits of such measures reduces as ROH decreases, even
when the public amenity and benefit ‘of retaining the tree s’
valued al E(B)=$5,000 per year, If the ROH s 1/100; the net
bensfit for tree removal is $49,050° (assuming o loss of
amenity), and $22,500 If risk mitigating measures are put in
place. that reduce risk by 75%" (compare. Tables 2 and 3). |t
follows that'a declslon alried al only maximising riel benefit
would be to remove the tres - this assumes. that economic
assessment is tha 508 criterion for decision: makmg However,
if a decislon was to-retaln the: trees for non- quamiﬁabla:
reasons (heritage valu; tourism, etc.) then fisk mltigatmg
measures are also cost-effective and Justifiable with a net
benefit of at least $92,950, Clearly, different cost inputs will
lead 1o different results and decisions.

5.3 Improvements 1o OTRA

Th priority for improvement lies in more accurate and robusl
assessment of fallure probabilities, as this is the paramelos
in the risk equation subject to the highest uncertamty {and
enor) The element of subjectiwty needs to be ameliorated.:

Arboz‘icuhux;e;Ausi;’a!i.‘-x B

* Gy, = $2:200 por year (cos! of tree removal and $1,000% This means more solentfic approaches are needed, and that

IOSS of-amenity)

» L, = $6,200 per year (cost of tree removal and $5,000
loss of-amenity)

Table 2 shows that net benefit varies as a functmn of ROH for
losses of amenity of $0, $1,000 and $5,000 per year, If ROH
s 1100, then nel benellt of tree” removal is $44,000-§49,000
with net benem highest when thete is no loss of amenity When
ROH=1/1,000 then the net benefit .of tree removal reduces
to $4,050 and $3,050 for Joss of amenity of $0 and $1,000,

respectlvely However, when RDOH=1/1,000 and loss of amenity
i$ $5,000 per year then there Is not a net beneflt of trée removal,

but a net loss of $950 per year. A lower ROH of 1/10,000
produces net losses irrespective of leval of lss of amenlty, To
be sure, more detailed analyses are possible. but this example

sliows that even if ROH exceads the prescribed QTRA safety -
goal of 1/10,000, there can still be a net benefit to retaining-a.

tree once all costs and benefits of tree removal are considered.
5,2.2 Example 2« Net Benefit of Risk Mitigating Measure
Rather than removing the tres it Is: possible to employ a tisk
mitigaﬁon stratégy to reduce the exposure of people to a
patennal hazard. This might include, for example, restricting
vehicle -access fo an adjacent road, redirecting pedestrian
traffie, or clos!ng the street on high wind days. Such risk
mmgatnon measures might be expected to reduce the target
value considerably. We assume a 756% redution In target
probability, equivalent to a risk reduction of AR=75%. The

oot nf il mitlaatian mandnran meie KA 042 DNN WA ORRe

resulls are benchmarked with knovin risks: to ensure that

resulls pass a "reality check’. The figures used hy the assessor

must have at. least some semblance to reality.
Hazatd identification is-an important first step to understand

rthe cause of tree failure, and then the frequency. and severity
“of these events. This might Involve assessing the. annual
probability that a.wind speed exceeds a certain valug, o
Tainfall exceeds a specific value. Statistical and probabilistic

models for natural hazards are well researctied and
dosumented; for example, Warg -and Wang (2009) provide
stochastic wind field models for most lacation?’\n Australia for
cyclones and storms :

1f the tree under conslderatlon is simildr In age, ‘coridition and
exposure o other trees, then the. 1allure probabliity may be
derived as.

Px,obabxllt}' o f Failure = n{failed (regs ;ver time.period T).
(10) » T

er year

where n() is the number of failed trees over time period T,.
N is the total numbesr of failed and unfailed trees, and T Is
measured in years. Itis preferable to ‘consider times penods
in excess -of one year as this will average out the. failure
probabliity over time and be-more likely to conisider the. gffect
of extremie events:

The larger the sample size (NxT) the more confidence there Is
iri the calculation. It follows from binomial theory that the 90%
gonfidencs limits ot sichas a regult s




Probability of Failure £1.645 Vf,[’mbalnluy of Failure ;g T Probability of Failure)

(1)

Taking the Laman Street figs as an example, if n(failed trees)
is 2 over T=10 years, and total number of treés is N=16, then
the probabihty of failure given by Equation, (10) is 00125
or 1/80. The 90% confidence .interval for this estimate is
0.01250,0144. whso‘n means that there is 90% probability that
the probability of failure.lies between 0.0 and,0.0269 (1/37).
Calculations such as these he!p provide an indication of upper
and lower hounds; :

If stat istically robust estimates- of probabllity of failure are
not available, then the probability of failure of the tree under
considération may be compared with an average tree wheére.
the probability of failure Is known. For example, the probability
of fallure of trees in public piaces inthe UK. Is at least 1in 10
million (assumlng target value and impact potenual are unity)
(HSE 2007, NTSG 2011). An asséssment imay then conclude
that the free has a risk that is 10 or 100 times higher than a
ypical tree, or perhaps less. . This requires-some subjeclwaly,
hut helps provide comparative risks. :

The selting of risk accaptance in the QTRA process should
be broadened to include cost-benefit or other decision theory
considerations. ‘Such considerations are parucularly useful
where the decision has repercussions well heyond ensuring
public safety. Risk mitigating measures such as site access-
restrictions, and ires removal can be assessed In a rigorous
and rnethodical manner thataims to incorporate the costs'and
benefits of all interested parties,

A QTRA should use mean estimates for risk calculations as

governments mandaté risk-neutral risk assessments. While”
it may seem prudent to select conservative estimates, if thie

QTRA's three parameters are doubled, then ROH increases

eight fold, If excessively conservative values are used at each

copportunity then the calculated ROH becomes illogical.

‘A clear example of the consequence of not using the mean (or
using the extreme conservative) occurred when an assessor
of the figs in Laman-Street determined that the probability
of tree fallure was 1 in 7.5 per tree per year. This figure was
derived on thie assumption that since two trees falled in 2007,
thén the likelihobd of tree fallure would be the same in the
following vear disregarding the fact that the weather In 2007

was an extreme event with annual probability of exceedance of -

approximately 5% (Stewart 2012). It also ignored the fact that
for the.previous several decades no trees failed,

Declsions partially .or fully based on QTRA can significantly
affect the wellbeing of the public. Thus, the decision-making
process should include within it quality assurance measures
and a peer review to add .confidence to any decision made.
Quality assurance procedures tend to focus on internal
reviews. Peer review i an independent and critical review
of risk analysls and risk assessment procedures and should
obviously be. conducted by recognised experts. If a peer
review produces risks or reecommendations that are in conflict
with previous reporis, then there should be an opportunity for

all parties to see If a consensus can be reached. If not, then
the decision-makers can decide if more studies are needed,
ot ‘can make & decision recognismg lack of consensus and the
use of alternate declsion criterion to reach a decision.

Finally, while quantitative decision support tools, such as QRA
and QTRA, hold some appeal ta decision- makers. they cannot
capture the full and diverse range of societal considerations
of risk acceptabllny Therefore, a QTRA should be viewed
only as an aid to declsion support ‘wheré decisions about
public safety will often require social, economic, cultural,
environmental, political and other considerations.

6. CONCLUSIONS

A QTRA should be subject lo rigorous and independent
Teview to judge the veracity of the calculated risks. The QTRA
‘system should develop longer and more Intensive training that
Includes the principles of QRA as a starting point. This could
reduce the risk-of wide discrepancies between individual QTRA
users. There is also a need for any risk-management process

“involving trees, not only to assess the risk-but to consider
the benefits provided by trees - 1.e., to conduct a risk-based
.cost-benefit analysis. Whilst crude da la sets relating to tree

fallures do exist, the International Tree Failure Database (ITFD)
for example, considerable work is still required in this area. In
the meantime, tree risk assessors should, as far as reasonably

possible, rely on henchmarks to ensure that their assessments
are ot outside of the realms of reality and include at least

some form of scientific rigour.
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swoastie City Counell Assessment '(52'009) S fTh 1. 64 i -+ 1/1198
ks Ellison Assessment (2012) ‘

Jost Tree /100000 . 1/20 1 112,000,000
Nors Treg ' 141,000 1720 186 - 14170,000

ble 1. Results of QTRA for 4 Slngle Tree In Laman Street (Newcastle) 7
Cost of Tree Removal Including Dppodunily Costs (G R)

Iskof Harm per Tree par Year (ROH) 81,200 $2,200 ‘ 56 200
20 $249,000 $248,050 $244,050
100 $49,050 $48,050 $44,050
1,000 , $4,050 °$3,050 -$950
10,000 . -$450 -$1,450 85450
100,000 -5900 \ -$1,900 -$5,900
1,000,000 : ~5945 -$1,945 -§5,945
110,000,000 : -$950 51,950 -ss 950
‘ o

ite: gaoh entry represents benéfit minus cost resui t for each ROH and cost of trae removal.
Aries: 1ha1 are positive would be considered cosl-attecﬁ\ua o remove a tree.

ible 2, ‘et Benefit of Tree Rem oval as Function ol Risk of Harin (ROH) and Cos& of Tree Removal Including Opportum ty Costs

AR)

Value of ‘Tf&aAfﬁeuﬂy E(B) pér year

isk far Harm per Treg per Year (ROH) Witholt

ity ‘30 $1,000 $5,000
sk Mitigating Measures : ‘ o
120 ‘ ' $172,250 8173250 : $177.250.
1100 ‘ $22,260. - $23,260 $27,260
1,000 ~§11,500 - 510,500 “§6,500
£10,000 , +$14,876 : -$13,875 -$9,876
/100,000 -$15,213 $14,213 510213
/1,000,000 . -$15,246 14,246 , 410,246
/10 000,000 -$15,250 614,260 $10,280 _

‘ote: each entry represents benelit minus cost result for each ROH and value of tree amenily.
Wries that:ate positlve would be con*'sjdé‘réd cost-effective 10 implement risk mitigating measures. ‘

shla & Net Bandfil nf Risk Mitidatinh that Rariicas Risk hv. AR=75%.




Hard Surface (Marsden 2007).
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Have you visited our website?

The Arboriculture Australia™ website is packed with
infarmation on education programs, committees, upcoming
gvents and more.

Check out our online shop for books, CDs, merchandise and
membership registration or renewal among other things.

If you are a registered professional member, please log
onfo the website and make sure your details ave up to date
so the public can henefit from the services you provide.

www.arboriculture.org.au
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