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Key points

This report outlines ouestimate of quantifiablenet benefits ofthe current funding of the
National Pest Management PI&NPMPYor Kauri Diseasé&D.

speciesvhose extinction would be irreversibl8ection 1 backgrounds the issue of KD and
its current distribution and rate of spread. Section 2 frartiesissues using the ecosystem
services and total economic value frameworks in contrast to the Deloittelmrsfit
analyses (CBAs) of 2018 and 2019.

Section 3 describes some stylised spread modelling that provides some guidance on the
relative benefitof treating areas or linear tracks to minimise KD spread, and that can be
scaled up to cover wider areas in northern North Island.

Section 4 describes the results of our modelling, subject to the limitations of quantification.

The principal quantifiable efit is averted loss of carbon stored in kauri trees, which, if

GKSe RASY ¢g2dd R FRR (2 bS¢g ®%SIflIyRQa SYAaaaiz
benefits in maintaining other ecosystem services such as soil and water conservation in the
forestOF 6 OKYSyda IyR o0SySFAGA G2 an2NRA Ay LINRGS
in protecting biodiversity, but these cannot be reliably quantified or valued at this time.

We estimate that additional mitigation measures in the NPMP could more than bresak

in delivering carbon benefits in excess of costs. However, this depends on there being a

high rate of KD spread, a high value attached to retaining carbon stores in kauri forests. It

also depends on the speed at which carbon from dying trees is a&sbtorbe emitted into

the atmosphere. All these are subject to considerable uncertainty at present. There are

wider unquantifiable benefis Ay Of dzZRAy 3 (KS KAIK aAITYyAFAOLyO
be valued in this report but which can be considered as offsetting the net costs of NPMP in
protecting an iconic

Tablel Combining costs and benefits of NPMP measures

Early 0.5%KD
Base analysis  High C Price carbon loss  growth 3% DR
Total analysis PV$m PV$m PV$m PV$m PV$m
PVbenefits 15 5.7 8.7 9.6 11.6
PVcosts 28.0 28.0 28.0 28.0 29.5
NPV -26.5 -22.3 -19.3 -18.4 -17.9
BCR 0.05 0.20 0.31 0.34 0.39

Partial analysis:P4 only

PVbenefits 1.5 5.7 8.7 9.6 11.6
PVcosts 8.4 8.4 8.4 8.4 8.9
NPV -6.9 2.7 0.3 1.2 2.7
BCR 0.18 0.68 1.04 1.14 1.30

SourceNZIER

P



Contents

1 INtrOdUCTION @NA SCOPE.......eeiiieieeeeeiite ettt e e e e e e e e s s e e e e e e s nnnneeeeas 1
1.1  ODbjective Of the FEPOIL.......uuiiiiiiiiiiieeeeeee s 1
A = 7= Tl (o | o 11 ] o o PO 1
2 Framing for @CONOMIC ANBHIS. ........cooiiiiiiiiie e 5
2.1 Total economic value and ECOSYSIEMS SEIVICES......uuuuuiriiririiiieerrieireeerieeeaaeeaeaeeaaeens 5
2.2  Relevance for Kauri DISEASE..........oiiuuiiiiiie ittt 6
2.3 Steps in a codenefit analySiS..........eviiiiiiiiiiiiiiee 1.
3 An approach to modelling diSPErsiOn..........ccccccciiiiiiiiire e 12
TN R [ ] (= Tod [0 g I = (=T PP PPPPT 12
3.2 Disease spread MOUEL..........ouuiiiiiiiiiiiie e 12
G TR T |V oo [= S=T 0 1S ()Y (= PP RPR PP 14
4 Combining costs and BeNETits...........cco oo 16
4.1 The counterfaCtual............ccoiiieiiiiii e e e e e e e e e e e e e 17
4.2 Quantifiable benefits from NPMP interventions.............oovvvvvvvviiiiiiieeeeeeeeeeeriiienn, 18
4.3  Other ungquantified ITEMS..........coooiii i a e e e e e e e e 20
4.4  Assumptions around iNntervention MEASUIES...........occuvrriiieeeiarriireeeeeeesssirereeeee s 21
4.5 Findings from cogbenefit analySiS.........uuueeeieeiiiiiiiiii 21
4.6 Economic impacts of the NPMP for employment...............cccoe i, 25
5 (©0] o o] 11 1= 1o 1= P 26
Appendices
Appendix A Kauri fOreSt datal..........c.ooviiiiiiiii e e 27
Figures
Figurel Diseased areanatural vs walking accelerated disease spread.............ccccccvvvvvvvrrnnnnee. 13
Figure2 New infection areq natural vs walking accelerated disease spread...........cccveveeeeeeen. 14
Figure3 Area infected; natural vs walking accelerated disease spread..............cccvvveeeeeernnnne. 14
Figured Spread of areas WIth KD........cccciiiiii et e e e e 18
Figure 5 Carbon sequestration in native tree species over.time.............cccccouvemeevienreiieeeeeeenn. 19
Tables
Table 1 Combining costs and benefits of NPMP MeasUres..........ccccccvvviiviiiiiiiiiiiieeieeeieeeeeeeaaeans i
Table 2 Distribution of kauri forest in regions with recorded PA infegtion..................cccccceeee. 2
Table 3 Areas of kauri forest infected DY.PA. ... e 2
Table 4 Effects Of Kauri DISEASE...........cciiiiiici e e e e e e e e e e e e e e e e e e e e e e s e e e s e e e s eanans 9
Table 5 Potential management measures under the NPMP..............ccccccicis 17
Table 6 Combining costs and benefits of NPMP measures.............ooooiioiciiiiiiiiiiiiiiieeeeeee 23
Table 7Payoff matrix for NPMP funding programme............ccueeveeiieeiieeiieiieieeeeeeeeeeeeeeeeeeeeeeeeens 25
Table 8 Public reserves with confirmed iNfeCtion..............ccoo oo 28
Table 9 Track closures after 2018 soltation Auckland..............cccoceeeeiiiiiiriiicie e 29

Table 10 Track closures after 2018 consultatjddorthland and Bay of Plenty..............ccccccuvvvees 30




Table 11 All ecosystemdorest area grouped by density of kauri trees...........cccoccvvvevveeennninnee. 31
Table 12 Kauri ecosystem$orest area grouped by density of kauri trees............cccccvveeernnnnee. 32
Table 13 Alecosystemsg average forest area grouped by density of kauri trees..................... 33
Table 14 All ecosystengsshare of forest area weighted by density of kauri trees..................... 34




Introduction and scope

1.1

1.2

1

Objective of the report

The Government has allocated $28 million over 4 years (part of $32 million over 5 years) to
fund aNationalPestManagementPlan (NPMB to treat Kauri DiseasgKD) The programme
will be led by a Kauri Protectigkgency withirthe Ministry for Primary Industried/P)).

MPI requires a cogbenefit analysis (CBAj the proposedNPMPfor KDthat meetsthe
minimum standards of Part 6 of the National Policy Direction for Pest Management 2015.
Having examined a preuwis CBA and an Addendum CBA prepdme®eloittein 2018 and

2019 respectively, in our assessmahtK A & OF yy2id 06S Sl airteée | YSYRSH

requirements to demonstrate costs and benefits have been adequately considered, chiefly
becausehey do not inclugt enough information on the links between intervention costs

and infection rates to ranodel the detailed effect of changes in intervention levdiey

also hae a very narrow frame of analysis which includesuing kauri atheir valueas

felled timber, which is problematic for assessing a programme whose purpdbke is
protection ofindigenoudforest species from degradation.

A revised CBAould focus onhe rate of spread okDand its effect on forest deterioration
under different scenariosf intervention (including zero intervention).

Background

bSé %SIflyRQa | dzNidcklaRgamIEardnandal sire deiggNidied thyl vy R
Phytophthora agathidicid@A). PAis a fungudike organism that caesthe diseaseof
kauri trees, a taongand keysone species on which ecosystems depend.

Symptoms oKDwere reported in 1972 on Great Barrier Islabdit it was noidentified on
the mainland until 2008By that date DNAbased phylogengnabled a reassessment thie
pathogen, and it was recognised a new speciesvhich was formallylesignated as PA in
20151 Surveillance has revealdhe infected treesarewidely spread acroshie Northland
region in Auckland witla concentration in the Waitakere range, and in Waikamoparts of
the CoromandePeninsula There are no known infected trees in the Bay of Plenty region

PAhas been present ovex long periodand although it is unclear how fast it is spreading
and killing treesneither effectappeasto berapid. Treeroots may be infected before
symptoms become apparerfan interval known as the latency periodhd the time
betweenabovegroundsymptomsappearing and tree death is highly variable

commonly takes 410 yearswith smaller trees declining most rapidome trees have
become infeted andquickly deterioratedn proximity to other trees that remain healthy,

so there appears to be variation in resistance of trees to PA, the causes of which are not
knownand could be resulting from tree genetics or miemvironmental variation.

Thete is currently no known cure f&*A However kauri areslow-growing treesand there is
a risk ofPAspreading so far that there aiasufficientuninfectedareaswhere young trees

R. E. Bradshaet al (2020Phytophthora agathidicidaresearch progress, cultural perspectives and knowle@gs @ the control
and management of kauri dieback in New Zealdrtjs:/bsppjournals.onlinelibrary.wiley.com/doi/full/10.1111/ppa.13104
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cangrow toreach maturityandreplace older treesThis threatensuccessin in forests and
extinctionof kauriand the sustainability ahe ecosystemand species that depend on it.

As shown in Table 1grests with kauri at risk of infection are predominantly in Northland
with smaller concentrations ithe Coromandel and Atkland.Bay of Plenty i&Dfree.

Table2 Distribution of kauri forest in regions with recorded PA infections
Estimates as at eember 2018

Districts Hectares of Share of total Share oftotal district
kauri forest kauri forest area  or region landarea

Far NorthDistrict 249,919 39.3% 34.1%

Rest of NorthlandRegion 85,188 13.4% 13.2%

Rodney 2,211 0.3% (part of Auckland)
Auckland 128,615 20.2% 26.7%
Coromande(Waikato Region) 169,955 26.7% 74.1%

Rest of Waikato 24,907 3.6% 1.1%

Bay of Plenty 31,900 4.6% 2.6%

Total 692,695 100.0% 15.9%

SourceNZIER, drawing on data from MPI

Table 2 shows estimates of the areas of public and privatedéfedted.This shows 2,200
hectares confirmed to have infection out of 114,261 hectargseyed.Infection appears
to be higher on public lan¢at nearly 3%), which may be because of greater access by
people to DO@nanaged lanar may partly refleca higher likelihood oPAbeing detected
on publiclands.At just under 2% of theotal forested areas infectedhe impact does not
yet seem largebut these proportions are likely to be understatements dudirtoted
monitoring of all forest areas

Table3 Areasof kauri forest infected byPA
Estimates as at peember 2018

Districts Surveyed Forest PAinfected Share of infected Infected $hare of

Total Hectares hectares hectares surveyedarea
Public land 49,827.5 1,369.7 62.2% 2.7%
Private ha 64,434.4 830.8 37.8% 1.3%
Combined land 114,261.9 2,200.5 100.0% 1.9%

SourceNZER, drawing on data from MPI

How large an understatement depends partly on the rate of spread of the diskese®
previous cosbenefit analysedy Deloitte (2018, 2019%pread rate was assumed start
with an annualincrease in the area infected exgased as percentageof the area infected
at the beginning of the yeand then assumga constantthange in theannual increase in
the area infected. For examplihe scenarisin the 2018 CBA assumhthe areaof forest
7



infected would increasby 1.3%%in the first year but that theate ofinfection would
change by a constant number of percentage points geer,-0.05 to +0.05 depending on
the scenario But apart from uncertainty around assptions as to the rate of spread, this
is unlikely to be reddticin light of diffusion and spread modalsed in biosecurity incursion
modelling A linear growth assuptionis also not informative about the effects of different
interventions, which may have varying levels of impact on other activitieeHadtiveness
in curtailingthe spread.

The spreaaf PAis likely to occur in three ways:

1 Natural spread, manifested liie expansion of the frontier ahe infected area as the
infection spreads from tree to tree

1 Animal vectorassisted spread, as infected seitiansferred from place to place in the
hoovesof animals that grub in the earth (principally wild pig§)s is likely to spread
from infected areas according to the foraging range of the vector species

1 Humanvector assisted spread, as infected scitamsferred from place to place in the
footwear or gearof people visiting kauri forest areasiis is likely to spread either

I Linearly along tracks used by humansth movement along the track corridor
initially but some spread around the track from egthpeoplestraying from the
track or with infected material deposited off track byosion or other processes

I Sporadidnfection by humans, using uncleaned gear with infected material
transported via vehicle tepots ofentirely new areas of foreshfection.

Human, and t@lesser extent animal, vectors increase the rate of sp@edss the forest
over the natural spread without vector assistaneiman vectors using walking tracks will
spread infection along the full lengths of the tranlka relativelyshort time.They will also
spread infection into the heart of a forest if that is where the tracksogmnpared to

natural spread that will tend to hit the edge of a kauri stand or forest and work its way into
the centre.Both natural spread and walking igad will grow to a period of peak spread as
the infection boundaryexpandsrom the respective source® somepoint before total
infection; after which thespreading boundaris increasingly likely to hit other areas that
are alreadyinfected, so the rat®f new infected area comes dow8poradidnfection is
potentially far-reaching, bringing infection to nesites with perhaps tracks running through
them, where infection can spread unconstrained by existing infected areas nearby.

Scientific knowledge dhe rates of spread and wherA is found is incomplete and may be
biasedas current observationgnd diagnoses of PA have concentrated on more accessible
forests and on trees close to the trackaurther research is required, aAdickland Council

is currently conductinga new surveythat will enableit to compare impacts of mitigation
measures compared to the situation that prevaileefore mitigation.

Other basic matterghat we assume for this analysiglude
1 There are no known curder KD andcurrently, eradication is practically not possible

i  Treatrent optionsfor diseased trees are few, principallge of phoshite (which
seems toallow kauri to recover from the disease but does not remove the PA
infection)

i1 Sites known to have hagDfor the past30 years still have kauri and regeneratico
the increase in severity appears to be slow




But it is not known wh¥KDis as widelydistributed as it is

It is unknown howKDis affected by other environmental stressansoverall forest
health, but it is asumed that a healthyless disturbedorest will be more resilieth

Compliancawvith behaviour changing mitigation measunearies with the messaging
around why measures are needed goublic acceptance of the need for action




Framingfor economicanalyss

CBA is an approach to comparing what would happen in future with and without a

particular course of action being followed. It is commonly used to assess policies or projects
with costs and benefits enumerated in dollar terms to provide a common unit of
comparison.

The result of the analysis is an assessment of whether the proposed course of action is
expected to result in benefits in excess of its costs. Sensitivity analysis can be applied to test
the robustness of results to changes in assumptionsiapdts used in the analysis, which

is useful in the case of great uncertainty or deficient information on the consequences of

the policy or project, and the problem being addressed.

2 S dzy RSNR G yR (i ke nibnetany 2aNationdfikau abd do ina? regatte
protection of kauri in cost and benefit terms, but rather consither protection of taonga

as provided for in the Treaty of Waitangi, to be pursued regardless obeticrcostWe
acknowledge thahot everything can be satisfactorily valued in monetary terms, and when
that happens, they need to be considered alongside, but outside, the monetary CBA.

Total economic value and ecosystems services

The basis of valuationin. ! A& LIS2LJX SQa 2NJ a20ASGeQa gAffA
their willingness to accept compensation for giving it up. Ehisosteasily done when the

economic consequences of an action can be quantified and applied market Valeisis

isnot to say that the only values that count in CBA are those observable in a market or that

all items are valued as if on a commercial basis. The value to society includes costs avoided

by protectingthe quality ofthe environment and savings in caeshat would have been

spent in the absence of a particular action.

Twoother frameworks supplement this broadening of CBA beyond market pr@as is

the Total Economic Val@EVpapproach, which says that the economic value of protecting
environmental assisis a combination of its value for current use activitis® value of
retaining it for future uses, and the narse value that society holds in preserving thifas
their own sake, with no particular use in mind

The second supplementary framework ig tosystemServices(ESppproach of drawing
connectiors between physical environment change®l natural functions téhings of
value for human activity. THES divides ecosystem services into four categories:

i Cultural services, such as providing outfetsrecreation, cultural and aesthetic
appreciation, biodiversity and natural heritage, sowtm scientific and educational
endeavours

Provisioning services, suchtag production of food, fibreenergy, clean water

Regulatory services, suchfasesi 3 Q O2y UNAo6dziA2y (2 NBRdAzOAYy 3
sedimentation ofwater sourcesabsorbing and transpiring water to reduce the

Cultural in this contextefers to all activities contributing to community culture, not tied to any specific ethnic group. This follows
the categorization established by the Millennium Ecosystem Assessment (2005).
https://www.millenniumassessment.org/en/index.html
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2.2

incidence of flooding, storing carbdar climate change amelioratigiprovidingshade
to reduce animal stress, and cleaning by filtering out some suspended matter

I  Supporting services such as photosynthesis, nuttiecycling soil formationand
insect pollination on which all other biological services depend

With few exceptions (such as hydroelectric generatipmpvisioning selieces are largely
derived from extractive activities, such as harvesting fish stocks, felling tnegathering
other food and materials from an ecosysteifihese are mostly traded through markess
their values are relatively easy to determirgme otthe cultural and regulatoryand
supporting services may be available through market trades, but most of them afellyot
covered by market prices and require a Amiarket valuation technique to monetise them.

As an illustration ofhe relative values bthese different ecosystem services) estimate is
LINE A RSR AY rppbriyoR Ecbshisim® Senvices inlNew Zeafahahapter on
land-basedecosystem®stimates the value of forest ecosystems, including mature
indigenous forest (podocarp, broadlved and beech and exotic commercial forests
together covering 6.3 million hectar&sNJ H o2 2F b Sy %HRawimatefi®Qa I yR
production is the most important provisioning serviceainly but not exclusiveliyom
commercial exotic forestrygnd acounted for 49% dbrests' gross ecosystem service
value The second most important value source was erosimtrol (15% of gross value)
the third wasclimate regulatig carbon storage (11% of gross valum)dthe fourth was
waste treatment (10%)Onthese estimateghalf the economic value of forests New
Zealands attributable to noamarket values of eosystems servicesr 35% othe net
value afteradjusing to remove potentiatiouble-counting in the estimaté.

In those estimatessome provisiaing services and all of the supporting, regulating and

cultural ecosystem seizeswere not subject to market transactions and principle

needed to be valued using nanarket valuation studiedn the absence of suitable New

Zealand studies, the estates used a range of overseas Anarket valuationstudies The
valuestherefore R2 y 20 NBLINBaSyld bSg %SIflFyRSNRA gAff
regarded adllustrativeonly. They do indicate that there can be substantidueao society

at large fran forest ecosystem services that are migiblein marketexchanges.

The purpose of valuation in a CBA is to provide a commensurable way of conustiag
and benefits to arrive at an estimate of likely net benéefibhe values used do not imply
commercidisation or privatisation of aspects tife natural environmenbut rather an
intention to ensure environmental effects are not implicitly valued at zero in the analysis
Nevertheless, not everything can be satisfactorily valmethonetary terms, and whethat
happensthey need to beconsideed alongside, but outside, the monetary CBA.

Relevance foKauri Disease

In the case of PA infection, a problem exists in the spread of infection and the sevéily of
FyR AGa O2yaSldzsSy 0OS asafdzmdymedt afliie Brosks. 03956 F A OA |
benefit framework, the size of this problem can be enumerated by estimating the stream of

Dymond JR ed. (2012) Ecosystem services in New Zeatanditions and trends. Manaaki Whenua Press, Lincoln, New Zealand
https://www.landcareresearch.co.nz/publications/ecosystesarvicesin-new-zealand/

adzNNI & thFdGSNa2y yR !yG2ye /2t S 0H N voasedecodyst@ns and tharSdvicesMih O + I f dzS ¢
Dymond JR ed. Ecosgst services in New Zealagaonditions and trends. Manaaki Whenua Press, Lincoln, New Zealand

Patterson & Cole (2012) argue that soil formation, nutrient cycling and erosion control are not final demand servicesartddien
value is indirectly sulened in other estimateg hence their removal from total economic value.
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benefits and costs supplied by the forests over time in the absence of PA infection, and
comparing this with the benefits @ncosts supplied in the presence of PA. The first
estimates the forest value at risk, the second the value of damage inflicted by PA. In
estimating damagecritical factors are the rate of spread of PA, which can be measured in
terms of the incremental chrage in trees or hectares affected per year and the severity of
AYyFSOGA2yQa AYLI OGa 2y GKS o0SySTAiida LINRJARSR
In the same frameworloptions for managing PA can be compared against the outcome of
unmanaged PA spread. Options may differ inrtlefflectiveness in slowing thepread rate

or reducing the severity of PA on the benefits provided by the trees. In either case, the
avoidance othe cost of unmanaged PA is a benefit that can be compared against the cost
incurred for each option.

In 2018Deloitte prepared a Cost Benefit Analysis of the NPMKIEpcomparing a light and

a full version of the NPMP against three other options: the status quo, kauri extinction and
forest closure. The monetary calculation was limited to programme costs f@rgment

and regional councils under each option, and the quantified benefits were confined to the
value of kauri as sawn timber and the value of carbon stored in their trunks. The results
suggested forest closure offered the highest net benefits, butathalysis did not account

for the value caused by loss of forest access for recreation, food gathering and other
matters. The results also suggested the light NPMP would have larger net benefits than the
full NPMR implying that increasing spending from tlght to the full NPMRvould not be
costeffective

In 2019 Deloitte revised their analysis and offered two new estimates in which they
increased the costs of the light NPMP while leaving its benefits unchanged and lowered the
costs of the full NPMP whilleavingts benefits unchanged. The resuttseen showed the

full NPMP had the largest net benefits. Howe\2eJoitte valuedkauri forboth its timber

(which implies harvesting) and carbon storage (which implies not harvesthigh are
inconsistat. Although there is an argument that if a tree didéisere is value in salvagiris

timber before it decays, drvestingis incongruous with the purpose of the NP

protecting kauriforest. Accounting for salvage assignpasitivevalue towhat the NPMP is
intended to prevent This analysis does not account for timber salvage.

TheDeloitte CBAslso discussed qualitatively the value of kauri as an attraction for

tourism,02 YLI NAyYy 3 (2dz2NAEAY SELISYRAGIZNE Ay NBIAZ2Y A
addedStr G A&a0A0&a bSg w%SIflFIYyRQa ¢2dzNRAayY {IGStftAdGS
cited by Deloitte, tourisn®@ 2 Y G NA 6 dzi SR Fo2dzi m: G2 (K2a$sS NB3I.

a further 3% indirectly after accounting for flow on spending by businesses suptigin
businesses directly servicing touristfiey also identify 58% of tourism spending coming

from domestic tourists who, if unable to visit kauri sites in those regiareslikely to spend

their money elsewhere ithoseregions or the rest of New Zeald. The critical question

with tourism is low much wouldhe absence bkauri reduce foreign tourisime in New
Zealandor reduce theirspendng while her@ Tourism, like recreation, usésO dzf (i dzNJ f ¢
services in terms of the ecosystem services framewawkthe tourism value at risk is likely

to be much smaller than suggested by the numbers cited by Deloitte.

Steps in a cosbenefit analysis

The NPMRiims toimprove responses t&Dover thepreviously prevailing system of
separate responses by agencieglaegional councils, by providing a-ealinated national




231

programme It has been granted 2B million overfour yearsg distributed as$8 million per
yearfor three years an®4 million in the fourth year, with potentially a further $4 million
for the fifth year This grant is substantially less than the NPMPs covered in the Deloitte
CBAs. ltis likely to be spent on:

1  Capability building among iwi and local communities. 50%)

I Monitoring and sirveillance activitieso identify the health of the forestcal0%)

1 Research into forest resilience and treatments of affected t{easl0%)

I  Short term measures of restricting disease sprézd30%)including:

I Installinghygienestationsfor bootand gearcleaningat track ends

I Upgrading a proportion of tracks teduce vulnerability to PA spread

I Track closures to exclude people fratrrisk areas

I Fencing to prevent farm livestodtom straying into and through kauri forests
I Restriction of soil and plant material movements in kauri forests.

A CBAproceeds through aeries of sps

1  Establish the likely situation to prevail in the absence of NPMP intervention, to act as
the counterfactual against which to compare the impacthe intervention

1 Define a series dhterventionoptionsto reduce the impacts of PA spread

i1 Identify, quantify and value impacts to the extent possible to build up a picture of the
flow of future impacts and the difference between the interventigsions and the
counterfactual

1  Generate results and test their sensitivity to changes in inputrapsons.

The last bullet above lends itself to examining a series of scenarios for how results might
change with different configurations of intervention. For instance, with a large area of
potentially affected forest and limited fundinthere will be chices whether to spread
intervention thinly over as wide an area as possible or concentrate it on particularly
hotspots for infection spread.

Establishing the counterfactual

This is the situation that is expected to prevail in the absence of interverRians present
widely acrosdNorthland and Auckland and intbe Coromandel in the Waikato, but mostly
in small pockets rather than continuous tradishas a background level of spread from
infected areas (mostly on the flat or doslope, rather than upli) which has been
variously estimated at 1 metre, 3 metres or even 5 metres per.year

If the infected area was a single circular trant its boundaryvasspreading at 1, 3 or 5
metres per yeafas suggested by some literaturé)e current infected ara of 2,200
hectares would expand in 10 yearg b7, 50 or 84 hectares respectively, equivalent to
annual average growth rates of 0.1%, 0.2% and OT4#t background rate of spread would
increase the moré¢he infected area is broken up into the smallerdst areasand spread
also increases the more access trapkaetrate the forestfor people and animals to
potentially spread infection.




In the case oKD what will happen without intervention? In the short terf@A will spread
and KDwill manifest morewidely, although on past experienceot at a rapid rate. Ikauri
trees dig then it is likely that some other large podocarps, likera, rimu or miro that are
not affected by PA, will fill their spacand there may be adjustments in other parts loét
ecosystemsand species distributiorss species dependent on kauri atisplaced by those
which are notAs long as affected areas remain forestedny of theecosystem services
will remain similato those of kauri forestsPrincipal exceptions are the volume of
carbon stored in kauri trees and species that replace theemd the extent to whiclecultural
ecosystem services with respect to biodiversity protection and custoManyri interests in
kauri and associated species as taonga would be compromised.

Table 3 summarises the effect of uncheckdd This assumes that for many of the

regulatory and supporting ecosystem services, the effects of kauri forest and other forests
are more or less the same. More noticeable differences between the counterfactual and
intervention to protect kauri forest would occur if decaying kauri loses more carbon than
can be absorbed by other trees growing in its place; and if the cultural and/eisity

value of contraction of kauri forest area exceeds that of the forest types that replace it.

Table4 Effects ofKauri Disease

Ecosystem service Kauriforest Other podocarp brest

Cultural and biodiversity value Loss of kadrand associated Increase in other podocarps and
species associated species

Carbon storage value Loss of carbon stored in kauri Growth in carbon stored in other

podocarps

Air quality Filtering effects of forest area Filtering effect of forest area

Watershed management Soil retention, water flow Soil retention, water flow
regulation, reduced sediment anc regulation, reduced sediment anc
flood risk flood risk

Supporting services Pollination, nutrient cycling, soil  Pollination, nutrient cyclingsoil
formation formation

SourceNZIER

As new podocarp forestould take time to fill the ecological niche left by kauri, thevil
likelybe some transitional loss of ecosystem service value in the interim period before the
new podocarp forest reaches maturityin®larly, with carbon storageghere may be a lag
between the peak emission of carbon from dying kauri and the maximum sequestration in
replacement trees.

This implies that the biggest impacts in the counterfactual are

1 &/ dzt ledzNdteméservicenpactscaused by depletion of an iconic keystone species
and dependenecosystems, which is:

I Alosgo Mnori mana whenua of a taongaroughdamage toa taonga species
I Aloss for all New Zealanders frahe depletion of an iconic species

T Aweakening oéndemicbiodiversitg. O2 y i NI NB (2 bSg %SIftlyR
international commitments tdhe protection of biodiversity



T Loss of specific cultural and recreationgportunities around kauri forest

1  Loss of carbon storage for ameliorating climate changing emissierigge death
releases large volumes of stored carbon that will only slowly be reabsorbeeviby
trees growing to take the place of lost trees.

The counterfactual should take account of other factors that might change in future in the
absence of intervetion. That includes the potential impact of climate change in shifting the
geographical range in which kaare likely to survive antesult in some current areas of
kauri forest being no longer viabl€hat is a long term issue that is beyond the timafea

of interest for this analysis.

2.3.2 Potential mitigation options
Against this backgroundesponses tdKDare likely to include:
1 Measures to reduce the spread kbto buy time for more effective cures to arrive

1 Measures to improve research into the spre@d<Dand the impact of forest health in
resisting its spread and severity

i Measures to improve the capability of detecting and respondinig@oparticularly
among iwi and local communitiegho arein best position to monitor conditions on
the ground.

Thee are various potential responses to controlling PA spread.

1 Pathogen management: e.g. treating individual infected trees repeatedly with
phosphite to bring temporary relieivhich may exted the life of infectedtrees, but is
not a cure

1 The long term effct of phosphite use on soigd ecosystems unknown
i  Visitor management, including:

i Creating an obligation on visitors to clean gear like boots and polesaheilh soil,
between visits to separate forest areas

i Installing boot cleaning stations at traekds supplied with trigene cleanser, the
STFTSOGAQPSYySaa 2F oKAOK RSLISYyRa 2y @Araridaz

i Upgrading track infrastructure with boardwalks or compacted stone surfaces and

RN} AylF3aS8Ss GKS SFFSOUiAOSySaa 2F #gki OK RSL

in keeping people on the track and preventing boot residuedtfronto soil

I Other measures such as issuing controlled area notices or attaching conditions to
the permitting system for specific activities in the forest

i  Border control measures that ihade:
I Track closures to exclude people such asNlii applied over the Waitakeres

I Restrictions orthe movement of plant and soil material into or around kauri
forests

I Livestock exclusion and adherencdaom management plagto manage PA risks

I Creation of sanctuariearounduninfected standsexcludng human andanimal
vectors.




2.3.3

The NPMP is oriented to managing pests. However, it serves a higher objpatieeting
the kauri as a taonga species and all the ecosystems and other species that depend on
kauri; in short, protecting biodiversity

Quantifyingand valuing impacts to the extent feasible

In economic termshow to intervene in kauri protection depends on which measures
achieve tle most benefit in averting kauri loss for the least cost in resources used. The
value of intervention is a function of:

1 Uptake of measures by people affected, or compliance with restrictioneset

i Effectiveness of measusén curtailing PA sprea.g. tracks curtailing ruoff into
soils)

91 Cost of the measure.

In the context oKDamelioration, long term measures like abtishing sanctuary forests

with fences to exclude people and animals from spreading PA should be highly effective,
with fences creating a high degree of complianoet costs could also be high due to both

the installation and maintenance of fencing armdthe exclusion of people from areas they
are accustomed to accessing. Installing boot cleaning stations at track ends is relatively
inexpensive, but its effectiveness is critically dependent on people observing boot cleaning
protocolswhen accessing th@fest

In principle all the items summarised in Table 3 above are capable of being assigned dollar
values, which would enable a value for loss of kauri in the counterfactual to be compared
with the cost of measures to protect kauri and reduce that losse@onomic value based

on public willingness to pay for additional protection of kauri could be estimated using
various noAamarket valuation techniques. The purpose of such values is not to enable
privatisation of kauri, but rather to indicate public predéaces for allocating funding to

kauri protectionthat reduces the risk dkDspread compared to all the other demands on
finite incomesMonetisation in CBA is not a precursor to commercialisation. It is simply a
way of gauging the importance of differeactions on a commensurable basis.

It is clear from the total economic value and ecosystems services frameworks that the value
of kauri is not confined to the timber or carbon contained in its trunk. Accotglitige
approach used in the Deloitte CBA&risting and potentially misleading.

However, existing nomarket valuation studies in New Zealamge variable methods, tend
to be sitespecific and are not informative farotecting kauri forestrom PA spread.

In this analysisve do not attempt to vale all potential measures in the NPMRost of
which were still subject to final review by the incoming advisory and governance
arrangements at the time of writindrather, we focus on the primary objective of
preventing the spread of PA and usenodel ofspread to identify the likely effectiveness of
selected potential short term measures for reducing that spréaiyen this and cost
estimates on the different measurpse considercosteffectivenesof different measures

(% per hectare of infection spreaavoided). Other measures like capability building among
local communities and iviarget the longterm uptake and effectiveness of useful
measures. These are fesuited to quantification at this time and are discussed more
gualitatively.




An approachto modelling dispersion

3.1

3.2

Infection rates

Our analysis is based on a natural spread oht#émetre per year at the frontier of the
infected area and an infection rate of 2Cetre per year alongvalking tracksThe 20 netre
spread may look highbut it isalong the 1 metre wide track only; the spreadrate from the
edgesof the trackinto the forestisthe naturalrate of spread.The 20 metre figure should
not be viewed as the upper bound of a range of average spread. It is a consequence of
tracks enabling fastegpenetration into the forest, opening up new frontiers for lateral
spread as it doeBBased on corroboration from exper@sspreadrate alongtracksthat is
fivetimesasfastasbackgroundrontier spreadwould be areasonablestartingassumption.

Emprical data on the rates of natural infection is sparse and variable:

1  MPI observed that th&latural spread rates within infected stands are not known, but
are likely to be 1 to 5 metres per anném.

1 A report to Auckland Counfdieferred toprevious calculaon of soilborne spread rate
and movement, which is 3m per anniffhis estimae is taken fromBeever et al.,
2009 which isquotedin more detailin the following bullet poiny.

1 Affected trees covered an area of ¢.10ha, representing a-tdncreasesince 1972.
This corresponds to a rate of spread of ¢.3m per year on the assumption of circular
areas of infection, a rate comparable to that of P. cinnamomi spread in southwestern
Australia(Strelein and others 2008

Disease spread model

The diseasspread model is based on a grid of 500 x 500 squares that each represeqt 1m
the grid represents an area of 25 hectaréhe disease is assumed to spread as follows:

1 Natural spread; 4 squareper year for all uninfected squares that touch an infected
square.

1  Walking spread, 20 squares per year from any infected square in both directions
along one of two tracks that bisect the opposite sides of the grid and intersect in the
middle of the grid.

Figurel, Figure2 and Figure3 below show how the area of infection differs for forests
affected only by natural spread and forests where the natural spread is accelerated by
walking. The infection enters the forest grid at the four starfpegnts of the walking tracks.

E-mail from Travis Ashcroft (MPI) to the Deloitte team on 31 October 2018.
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distribution of kauri dieback, and implications for its future management, within the Waitakere Ranges Regional ParlVersion
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Beever, R.E., Waipara, N.W., Ramsfield, T.D., Dick, M.A., Horner, 1.J., 20@8githis australis) under threat from Phytophthora?

Proceedings of the 4th International Union of Forest Research Organizations (IUFRO) Working Party 7.02.09. Phytophgktsa in fo

and natural ecosystems. Monterey, California;26August 2007. General Technical Report fEW221. USDA, Forest Service,

Albany, California, USA. Pp-88. See page 78.

Beever et al., 2008ites the following reference for the comment on Awdian spread ratesStrelein, G.; Sage, L.W.; Blankendaal,
P.A. 2006. Rates of disease expansion of Phytophthora cinnamomi in the jarrah forest bioregion of southwestern Australia. In:
BrasierC., Jung, T., Oswald, W., eds. Progress in Research oftRRhgtapdiseases of forest trees. 3rd International IUFRO Working
Party Meeting, 1418 Sept 2004, Freising, Germany. Forest Research, Farnh&®: 49




The infection period bands refer to the year of infectipane is the first year of infection,
50 is the last year of infection.

Comparison of the area and rates of infection under the two scenarios gives an estimate of
the benefit (delay in the rate of infection from closing or upgrading walking tjadkss

estimate is sensitive to the size of the grid modelled and the spread rate from walking as
opposed to natural spread.

For this example:

1 The area of new infection forfarest affected by walking peaks in year 13 at about
8,600 n? while the area of new infection for a forest affected onjyratural spread
peaks in year 42 at about 9,10¢.m

1  Although the tracks are 500 metres long, walking spreads the infection tHerfgth
of both tracks after 11 years. (The vertical infection path is not visible in thehagid
side ofFigurel but it is the same as the horizontal path).

1  Slowing the spread of infection due to walking along the tracks tagtaral rate (by
closing or hardening the tracks) delays the spread of the infection by about 8 to 12
years.

1 Natural spread affects the centre of the forest lashereas walking carries the
infection into the centre of the forest during the first 11 ysaf the infection.

Figurel Diseased areg natural vs walking accelerated disease spread

Natural spread only Walking and natural spread

Natural spread Walking
Colour infection period Colour infection period

1to5years

6 to 10 years
11to 15 years
16 to 20 years 16 to 20 years
21to 25 years 21to 25 years
26 to 30 years 26 to 30 years
31to 35years

36 to 40 years

41 to 45 years

46 to 50 years

1to5years
6to 10 years
11to 15 years
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3.3

Figure2 New infection areag natural vswalking accelerated disease spread
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Figure3 Area infectedg natural vs walking accelerated disease spread
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SourceNZIER

Model sensitivities

Our modelling of the infection spread is based on the movement of #tleqgen through
the soil or along a walking track from four pogaurces. Accordinglyhe speed of the
spread of the infectiolis slower the larger the sizd the forest and thedelay in infection

14



achievedby closing or improving tracks longer thedrger the area of the foresfAs an
indication
1 A 49 ha forest will have infection rates with:

I natural spread only of.%%after 10 years15.4%after 25 years an85.3bafter
50 years

I natural spread accelerated by walkingéof%after 10 years39.0%after 25 years
and79.8%after 50 years

I A100ha forest will have infection ratesith:

I natural spead only of 0.4%after 10 years3.1%after 25 years and2.Poafter 50
years

I natural spread accelerated by walkinglo®after 10 years, 11%after 25 years
and 39.20after 50 years

The average sizgf most kauri standas calculated iTablel3is less tha9 ha




Combining costs and benefits

We understandNPMPfunding is divided intdour categorieswith proportional allocations
roughly as follows

1 Ongoing mitigation (30% of funding)

1 Monitoring and surveillance (ca 10% of funding)

1 Science and research for managemeara 10% of funding)
1  Empowering Mana Whenua (ca 50% of funding)

Table 4 outlines some of the management measurexbtad by the new NPMRngoing
mitigation covers a range of potential measuedsing to reduce the risk dhe spread of

PA from existing infested areaAs the location of all infested trees is not known precisely
these measures may apply to areas kndwibe infected and other areas not known to be
infected In the case of areas known to be infected, the aim of mitigation is to cotfitain
infection in those existingnown areas and prevent its export to other areas. In the case of
areas not known to banfected, the aim of mitigation is to prevettie import of infection

from elsewhere

The principal impastof mitigation vay with the measure control of soil and plant
movements falls primarily on nurseriasd plant dealers who supply restoration gps
working in the forestFencing to prevent livestock strayifadls primarily on owners or
managers of land adjoining the foresie other mitigation measured closing & access,
track hardening and installing hygiene statigaanarily impact receational users of the
forest

We assume the NPRIfunding is sufficient to maintagxisting mitigation funding and
enable investment in some new mitigatiofio the extent that it is feasible to identify the
effect of new measuresn reducing the spread &fDand its effect on kauri death, these
measures are capable of quantification in a CBA.

Monitoring and surveillancare necessary fasngoing management, identifying where new
infections are occurring and hossponse measures are being complied withe marginal
effect of differences in monitoring and surveillance level are difficult to discern in the short
term, so it is not practical to quantify this in the CBA

Research and sciencanimprove available treatments to contain or resist PA infection
identify significant kauri at risk of infectipand take more targeted measures to protect
them. However, it is not possible to assign a probability to research developing a more
effective treatment oKD so this is not quantified in the CBA.

Beyond thamitigation measures, other activities for funding by NPMP have a wider scope
of lifting the effectiveness of the mitigation measuiaghe long term Capability building
among local communities and iWwas the potential to enable earlier detection of PA
infection andswifter management responses, regardless of whether this applies to
currently infected or noknown to be infected aread hislong term effect combined with
enabling greater involvement of ri in applyingmana whenuawhich may be considered
enshrined in the Treaty of Waitangire difficult to value in the short term, so it is not
practical to quantify this in the CBA.




4.1

Table5 Potential management measures under thePNIP

Action

Control of soil and plant

materialmovements

Areas known to be
infected

Containment of PA at
background spread rate

Areas not known to be
infected

Reducing risk of PA
infection to very low
level

Principal impacts

Nurseries and plant
dealers; estoration
groups

Exclusion of livestock
from forest

Containment of PA at
background spread rate

Reduced risk of PA
infection to very low
level

Landowners adjoining
forests

Closure of tracks and
areas (nhui)

Containment of PA at
background spread rate

No entry of PA infection
into forest

All recreational users
denied access to forests

Track hardening

Low risk of PA spread
exceeding background
rate

Low risk of PA spreading

into to new forest, if
people $ay on tracks

Impacts all people using
forest tracks, but misses
off-track users

Hygiene stations

Reduced risk of PA

Reduced risk of PA

All people accessing

spread above
background rate

spreading to new forests forest via stationed
if people comply entry points

Monitoring and
surveillance

Identifyingfirmer measures of depth and breadth o Groups engaged in
infected areasif and when PA arrives in new areas monitoring of PA

Research into forest
health and treatments

Potential to slow the natural spreaaf PAby adding Laboratories used for
yS¢6 Gz22ta G2 F2NBAGEQ | testingsamplesand
devising new treatments

Capability building Increased effectiveness in identifying infection and Iwi membes involved in
responding to it, reducing risk of further spread kaitiakitangayolunteers

andlocal communities

SourceNZIER

The counterfactual

Figure 5 shows tharea of spread akKDfrom its current level, applying the rates of 1, 3 and
5 metres per year consistent with existing literature on sprald assume that literature is
consistent with natural spread combined with current management and mitigation
responseswhich are variable across locations. We also assume that that spread can be
represented withthe expansion of a singlarcular block binfection expanding outwards in
all directions As indicated by our distribution modelling, where forests are small (less than
49 hectares) and bisected by trackpread within them can be fasteAlso, there is the
possibility ofsporadic spread of iettion from people turning up at new uninfected areas
with gear that has not been disinfected.

Accordingly, ar initial assumptions represent a conservative assumption of spiaal.

area ofKDincreases at an average annual rate of 0.1, 0.2 an@drdpectively for the 1, 3
and 5 metreassumptions. We project this over 15 years to coincide with a 10 year horizon
after the fifth year of NPMRunding.Compared to a starting area of knowibinfection of
around 2,200 hectares, at these raté$ years wou increase that area by between 1.1%
and5.7%. And while this may not seem a large area of infection compared ageonsid
684,599 hectares of forest containing kauri treeach additional hectare of forest infected
contains kauri that could die prematly due to the diseasdo the detriment of the
ecosystem services and benefits they provide to people.
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Taking account of faster spread along tracks and sporadic outbreaks, area growth rates
could be higher than this

Figure4 Spread of areas withKD

PA area at natural spread of 1,3,5 metres/yr

2,340.0
2,320.0
2,300.0
2,280.0
2,260.0
2,240.0
2,220.0
2,200.0
2,180.0
2,160.0
2,140.0
2,120.0
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Assuming each infected hectare contains 525;t€@alued at $73/tonne, these rates &D
spread wouldcompromisestored carbon worth in the range of $0.8dllion and $4.%
million. Identifying how new mitigation meases reduce the risk ddDspreadand reduce
that carbon loss can be valued and included in the CBA.

4.2 Quantifiable benefits from NPMhterventions

4.2.1 Value of stored carbon

Kauri treesare reported to die between 1 and 10 years from becoming noticeably infected
with PA.As they decomposehey will release stored carbdnto the atmosphere,

increasing greenhouse gas emissiohile some carbon will remain locked up in
decomposing wood for some years, the Emissions Trading Scheme, and Eraridvork
Conventioron Climate Change, consider emissions from felled timber to be released as
soon asa tree is felledWhile kauri trees are not felled by PA and may die standiege is
likely to be a rapid loss of stored carbon after the tree has died.

TheRegulatorympact Statemenbn the NPMP suggests usibgb tCG-e as the average
volume of carbon per hectare of kauri fore$his figurds conservativand compares with

a value of 58 tCQ-e per hectare used by the Climate Change Commission in its modelling
to represent the carbon content of mixed indigenous for&dtis is a relatively low number,
suggesting either immature kauri, a low density of trees per hectare or Baothmature

high forest, the Commission used a figuré@20 tCG-e/ha.

Indigenous trees ar slow growerssoa kauri dying will emit a large volume of greenhouse
gas which will only slowly be offset byxaw norrkauri tree growing in its plac&igure5
shows the carbon sequestered in different indigenous trees atrdifteages, based on a
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selection of sequestration estimates pintedtrees ofknownages andarious locations.
10 Amaturekaurimay have several tonnes 6Q-e in its above ground biomasa totara
seedling growigin its place would onljlave acquired.02 tCQ-e in its first 10 year€ven
if several totarssaplings contest the space vacatedsbgieadkauri, their combined carbon
sequestration would be well short of the carbon emittedtbg kaurideath. This suggests
there could be significardeficit of stored carborwhich counts as aet emissiorfor many
years aftera kauri dies.

Deforestation of old growth forestsuch as kauri foreseleases C&hat has taken
centuries to accumulate storedcarbon that, once lostyill not be recovered in new
plantingin O dzZNNE y (i lifettidfe’ Sdfk&eplry existing forests standiagd maintaining
their substantiakcarbon stoagehas a significanile in carbon accounting and meeting the
Zero Carbon Act target of net zero carbon emissions by 2050.

Figure5 Carbon sequestration in native tree species over time

Carbon sequestered in different species and ages
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Although there are data on the distribution of katorests and some differentiation by
kauri density (see appendices) thasansufficient data on the age and size of individual
trees toprovideanaccurate estimate of stored carbon at risk duekid Our estimates are
therefore indicative, using the 525 tC@Zhectare figure as a base and comparing other
figures in sensitity analysis.

There is a range of values that could be applied to stored carbon:

1  $39/t CO2e, which is approximately the traded price in the New Zealand;ETiS is
the clearing price in a mark#at has been distorted by exemptioysoit is probably
anunderstatement of the societal cost of carbon emissions

1 $73.63t CO2e, which is the updated value ($65.58) used by Na&Tthe social cost of
carbon in its transport codtenefit appraisalg drawn from an Australian study

5N} 6Ay3 2y FAIANBAE F2NI LI FYGiSR {FdzNA yR 20KSNI yIFGA@S (GNBSa
https://www.tanestrees.org.nz/site/assets/files/1069/10 5 carbon_sequestration.pdf
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1 $160/t CO2e which is thepricethat the Climate Change Commission considers
emissions will need tage to ky 2035 to achie¥ zero net carbon in 2050.

We model the emission effects of contaigikDusing the middle and high prices in this
range.

2 Value of recreational impacts

Most of the short term measures for containing the spread of PA have implications for
access to forests for recreatioRecreation in specific forests has economic value that
manifests in different ways. People choostagisit a forest for recreation spend money

and time in travelling to the forest, so analysis of travel costs of site visitors can give a value
of current use of the foreston the assumption their visit is worth at least as much to them

as the costs they incur in making the vididnalysinghe vaiation in house prices

controlling fortheir internal characteristics anexternal environment has shown there is a
premium for properties closdp forests and open spaces accessible for recreation. Market
research type surveys that ask people their sthpeeference for different types of

landscape also shows there is a positive willingness to pay for more natural surroundings,
including forestsin the areas being examinethcludngthe full total economic value
includingvalues forcurrent use optionsfor future use, and valuef preservation

irrespective of any expectation of usiagarticular landscape

'y 2@0SNIBBASg aiGdzReé Ay bSg wSI| | shwrodnd&FIiGad &
a range from $37 to $14&fter updating ta2021 values? However, recreation value is
location-specificBespoke studies for each location prodilee most reliable valugdbut

they are expensive and rarely done in New Zealand temssferring values from other
places(e.g. foreign studies) can be misleadiWi¢e opt not to value recreation impacts in

this CBA, but make the following observations.

Recreation impacts are most likely to occur because of restrictions on access imposed to
reduce the spread dkD While depriving people of recreational opportunitidses have an
economic cost, if it means people have to travel further for their recreation or miss out on
it altogether, the value varies with the availability of substitteereation opportunities:

the more the alternatives, the lower the cost of accesstriction. So as long as access
restrictions are targeted to kauri forests at risk aadtkrnative recreation sites remain
accessible, the economic cost of restrictistikely to be low. Thexception is if closure
occurs to a forest with a very higlalue such that there are no close substitutes, in which
case closure coulinpose significant economic cost.

Other unquantified items

2SS R2 y2i0 @IftdzS GKS AGSY dhiGKSNJ Odz  dzNJ ¢
services under the Millennium &system Assessment categorisation, other than
recreation. This includes the importance of kauri preservatiomfana whenua and

impacts on biodiversity of deteriorating health of kabdased ecosystems. Monetising of
these values is problematic, so wetjuste that impacts would be positive of any measure
that reduced the rate of infection and kauri biomass loss compared to the counterfactual.

There is also economic value associated with the purchase of goods associated withiaeat®#itsg boots, packs, raincoats,
fishing tackle etc. These are Ioliged items that can be used in a wide variety of locations, and costs are not practically attributable
to individual forests and hence excluded from site valuations.

See Richarfaohttps://www.researchgate.net/publication/234119293 Neanarket valuation in_New Zealand 1974 to 2005
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Of the other potential benefits of short term NPMP measuresaasumethere will be

little difference from the ounterfactual in the watershed regulation and supporting
services categories, which tend to be fairly similar for all forest covers in similar settings.
Forest closures may significantly impact recreatiamd this could result in a negative entry
in the recreation benefit line in




4.4

4.5

Table6. But as long as such closures are selective, cover limited areas and retain readily
accessible alternative sites for forest recreation, there would not be a large economic value
in such recreationlarestrictions.

Assumptions around intervention measures
The quantified CBA focuses on short temerventionmeasuresand their impact orthe

spreadoKDP ¢ K2a$S T FFSOGAYy3I LIS2LX SQa | 00Saa G2 11
depending on theomplance rate of the public in adhering to the measures and also vary

with fundamental suitability in particular settings. For instanaghough track hardening
maydiscourage people from venturing onto soil or kauri roatsvill have little effect on

recreational hunters who commonly venture off tracks

An Auckland Council survey in which 97% of users said they used the stations as required,

and other evidence from DOC that observed use of hygiene stations is rather lower.

Auckland Council studies haveufa thatthe use of hygiene stations improves when there

FNE GNI Ol FYolaalR2NR i GKS NRBIFR SyYyRA& NBYAY
improves over time as people become familiar with the stations. Hence, we assume that

hygiene stations are usda/ 90% of people entering tracks. We also note that they can

potentially reduce the risk from people entering the forest at those points but subsequently

going off track (such as hunter§ye assume that hygiene stations cost around $21,000 to

install newon average and requir®500 a year maintenance to keep them functioning.

Hardened tracks are effective in keeping people on the track and avoiding the track
spreading that occurs when mud patches form and people seek a route around them rather
thanthrough them.Theyare easy to comply with as long as people stay on the track but do
not address risks of people moving off track. Thayerelatively high costs for installation,

so their use would probably be limited.

For our modellingwe assume a track @rea closure using amui is most effectivat

removing people from atisk areasbut it will be less than 100% effective as some people

may ignore it or not be aware of itheriskof infection of areas undegxclusion is a

combination of the probability of people enteriigk S F NB I g KSy (KS@& &K?2 dz
probability of these people carryingfection with them. As both these probabilities are

small their combined probabity will be very small, so exclusion should be effeativer

targeted areas that can be monitorddirly well Over larger areas with many potential

entry points the probability ofnon-compliance becomes larger.

Findings from cosbenefit analysis

In our CBAwe model the effect of an assumed mix of these measarestheir assumed
effectiveness in rducing the rate of spread ¢fDandthe consequent effect omvoidance

of carbon storage los®We model the NPMP funding over 15 years, i.e. 10 years after the
last year ofintendedfunding in year 5This allows for new investment in mitigation
installations such as hygiene stations and track sectiang we also provide for some
NPMP funding to be set aside to cover maintenance over the remaining 10 years of the
analysisWe apply a 5% real discount rate in the first instance and examine other rates.

We calculate a net present value and bendfiist ratio across the whole analysis and then
across a partial analysis comparing t@bon storage benefits against the costs of short
term measures on mitigatiarThis is because only the short term mitigatioeasures have




an immediatequantifiable connection between the measures put in place and the reduced
risk of spreading PA arkD Other measures are either long term or difficult to quantify
We discuss the implications ftire interpretation of results athe end of this report.




Table6 summarises the results of various runs of our CBA madhel.lefthand column
shows the base analysis with a range of conservative assumpticthe @malysis, i.e.

1 A counterfactuabpread rate oKDof 0.3%
1 A carbon volume of 525tC@2per hectare

1 An assumption of carbon loss starting 5 years after kauri deathgoiitt of the 310
year range from the literature)

1 A carbon value of $783 per tCOz2
1 Adiscount rate of 5%

The resulbf the base analysis is significantly negativeth over the total programme (to
be expected) and over the partial analysis of mitigation measures and changes in carbon
storage lossSubsequent columns show the effect of changing key assumptions.

With the high carbon price of $160/tC@2 the negative NPV on the partial analyisis
reduced by almost a halind its benefitcost ratio rises from 0&to 0.68.

Further tvanging the assumption of carbon loss starting in the first ye&Dih a new area
rather thanthe fifth yearsees the negative NPV on thartial analysisurn positive with
NPV of$0.3million anda benefit-cost ratioof 1.04

A similar result ariseis the partial analysiszhencombining the$160/t carbon price with
lifting the PA spreadate in the counterfactuafrom 0.3% to 0.5%but retainingthe first
carbon loss in year 5, not year Then the partial analysis hasa NPV of $1.2 million and a
benefit-cost ratio of 1.14.

In the righthand column, this raised spread rate result isaleulated with 3% rather than a
5% discount ratéo achieve a NPV of$2.7 millionanda benefit-cost ratio of 13; i.e.

benefits of averted carbon losgell exceedhe costsof mitigation measures under that set
of assumptions.

These results for the pddl analysis show it is finely balanc@a. more than break eveit
needsa higher valuefor averted loss of stored carbon than current ETS traded painds

the higher value in thénitial conservativeassumptionslt alsorequireseither earlier
accountng of carbon emission after tree death @mexpectation of a higher PA spread rate
in the counterfactual without additional mitigatior 3% discount rate is not unreasonable
at the current low rate of interst offered in the economyBoththe PAspreadrate and the
volume of carbon at risk in infested forestse uncertain so f either werehigher than is
assumed fothesecurrentcalculationsthe present value benefits of the NPMP mitigation
measures would be higher than those estimated henaking hat part of the analysis look
stronger than it does under current assumptions.




Table6 Combining costs and benefits of NPMP measures

Early carbon 0.5%KD

Base analysis High C Price loss growth

Monetary benefits $m $m $m $m $m
Other cultural services 0.0 0.0 0.0 0.0 0.0
Recreation 0.0 0.0 0.0 0.0 0.0
Embodied carbon 2.4 9.2 12.6 15.5 155
Watershed regulation 0.0 0.0 0.0 0.0 0.0
Supporting services 0.0 0.0 0.0 0.0 0.0
Total NPMPbenefits 24 9.2 12.6 15.5 15.5
Monetary costs $m $m $m $m $m
Stock exclusion 0.7 0.7 0.7 0.7 0.7
Hygiene stations 0.3 0.3 0.3 0.3 0.3
Hygienemaintenance 0.1 0.1 0.1 0.1 0.1
Track improvement 4.0 4.0 4.0 4.0 4.0
Track maintenance 13 1.3 1.3 1.3 1.3
Area closures 3.3 3.3 3.3 3.3 33
P4: Ongoing mitigation 9.8 9.8 9.8 9.8 9.8
P3: Research/Science 3.2 3.2 3.2 3.2 3.2
P2: Surveillance 3.2 3.2 3.2 3.2 3.2
P1: Capability building 15.8 15.8 15.8 15.8 15.8
Total NPMP costs 32.0 32.0 32.0 32.0 32.0
Discount rate 5.0% 5.0% 5.0% 5.0% 3.0%
Total analysis PV$mM PV$m PV$m PV$m PV$m
PVbenefits 1.5 5.7 8.7 9.6 11.6
PVcosts 28.0 28.0 28.0 28.0 29.5
NPV -26.5 -22.3 -19.3 -18.4 -17.9
BCR 0.05 0.20 0.31 0.34 0.39

Partial analysisP4 only

PVbenefits 15 5.7 8.7 9.6 11.6
PVcosts 8.4 8.4 8.4 8.4 8.9
NPV -6.9 2.7 0.3 1.2 2.7
BCR 0.18 0.68 1.04 1.14 1.30

SourceNZIER
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