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Executivesummary

This report is theproduct of a Ministry for Primary Industries (MPI) commissioned project to
explore the benefits of permanent forests compared with plantation forests and other land
uses The project is related to the Permanent Forest Sink Initiative (PFSI), which was
estdlished in 2008 and acts as a mechanism for landowners to access the value of carbon
sequestration in exchange for establishing a forest sink covenant on theMdandealand

has a variety of national and regional priorities associated with afforestatich can assist
the country in achieving its domestic and international climate gblad¢se are also a range

of other related benefits, including water quality improvement, native species habitat, and
other ecosystem services.

MPI commissioned.andcae ResearchNZ to perform several analyses related to
afforestation irerosionprone pastoral hill countnA range of quantitative geographic,
biological, and economic models were integrated, with several related qualitative
assessments. Following the siieations set out by MPI, the report first conducts a broad
analysis at the national level, and then performs a more detailed analysisinthea wa t 1
catchment in the lower North Island. There are three afforesst@marios evaluated in both
the natimal and Manawatanalyses. The firstcenaricassumes that land identified for
afforestation iconverted to exotic pine plantatiorithe other twescenariogassume that the
land is converted to indigenous forest, with one scenario maimggaermanenindigenous
forest with no productioactivitiesand the other allowing some productive uses of the land
e.g. honey production

The nationallevel analysis estimates tbgportunity cost of the land use conversion to
permanent forest, in terms of lost agtiaral revenue and land value.addition, the

increased revenue from the afforestation scenarios (if applicable) was estimated alongside the
change in greenhouse gas emissions.

In the Manawadt analysis opportunity costs and increased revenue fronaffoeestation
scenarios were estimated using a similar approach to the national level analysis. Carbon
values, however, were estimated usangme path of forest growthVater quality benefits
were also monetized\ 50-year time horizon was used to estimthe net present value for
these scenarios for tidanawat catchmentln addition to these monetised valuelsanges

in biodiversityvalues were quantifiednd an ecosystem services framework was used to
guality describe the impacts of the afforestasoanarios on a range of ecosystem services.

Even under the most conservatpelicy assumptionswhereby the full value of afforested

land is included as an opportunity cdstop out of threeafforestation scenariohada positive

net present value ac®50 years in th8lanawat catchmentWhen an alternate policy is

used, and the full value of land is not included, all three afforestation scenarios have positive
net benefits, with the highest benefit cost ratio at 9.2.

The monetised benefits and coatmlysis would suggest that exotic afforestation would be
the best approach to pursue given it has the highest NPV and tmarstfiaitio. However,
there were many benefits that could not be monetized, inclmabversity recreation,
cultural valuesand broader impacts on ecosystem services.

Several important limitations with current data and models were encountered in the course of
this analysis and these limitations are outlined to illustrate where additional analysis could be
undertaken in the futa.
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1 Introduction

This report is the product of a Ministry for Primary Industries (MPI) commissioned project to
explore the benefits of permanent forests compared with plantation forests and other land
uses.The project is related to the Permanent Foradt Bitiative (PFSI), which was

established in 2008 and acts as a mechanism for landowners to access the value of carbon
sequestration in exchange for establishing a forest sink covenant on thelidaveler, to

be more widely applicable, the analyseed not fully adhere to the conditions required under
the PFSINew Zealand has a variety of national and regional priorities associated with
afforestation, which can assist the country in achieving its domestic and international climate
goals. There ardso a range of other related benefits, including water quality improvement,
native species habiteéind other ecosystem services

With carbon prices increasing, PFSI forestlternative afforestation programsuld

represent the most economically andisstvmentally viable land use for some of New

Zeal and6s -promespastormlrhil ountyn To help inform discussions surrounding
the PFSI and these erosiprone areas, the current report explores several scenarios related
to those landsThe main galsfor this reportas laid out by MPI, are to determine the:

¢ additional forest land cover across NZ that could be realised and the proportion that
would most suitong-termforest cover, along with an estimate of the opportunity
costs;

¢ andthe economic, environmenjaind sustainable land managemenbeaefits of
permanent forest plantings over a period of 50 years compared with benefits of
plantation forestry and other land uses using an ecosystem services approach. Where
possible thesebenefitsaremonetised to enable a cdstnefit ratio to be determined
for the different types of land uses

MPI commissioned.andcare Research to perform these analyses, which are summarized in
this report. To achieve these goals, we integrate quiweitgeographic, biological, and
economic models, with several related qualitative assessments. Following the specifications
set out by MPI, the report is structured around the following central components

1. Identification of potential new areas suitable &fforestation across New Zealand.
2. Catchment analysis of ecosystem services of different land uses.
3. Non-market valuation of ecosystem services and-besefit analysis.

The main analysis in this papeCatchmenkwhsre pl ac e
two policy scenarios are analysed across 50 years. In that analysis a variety of ecosystem
services are explored in a spatially explicit manner, with several monetized or quantified.
However, to give a rough idea of potential impactthatnational level, we also present a

national analysis in Section 1. The national analysis is presented for a single year instead of

50, where we assume that the policy is fully implemented (so no transition path is presented).
There are therefore somdfdrences in the methods between the 50 year analysis and the one
year analysis.

In the national analysiSection2) we identify marginal lands across New Zealand that could

be converted ttong-termforestcover. These afforestation areas were iderdifising

several geospatial maps and models from previous New Zealand litefdtroeghout this
report these additional mar gi nal | and areas
affor est a&owewemin somescasss.the identifiedas will not be new. For
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example, some identified marginal lands already have exotic or indigenous forestry on them
In that case, those lands will be assumed to remain in their current (forest) state.

As directed by MPI, two main policy scenarios wereadeped, which are applied
throughout this report:

1 Scenario Eassumes that exotic plantation forestrglented on the new afforestation
areasWVhile this rotational plantation model would not be eligible for PFSI registration,
the inclusion of this sceniarprovidesan al t ernative 6forestryod
deliver some of the benefits of forest with different rates of reinatuding additional
forestryrelated revenue.

1 Scenario lassumes that theew afforestation arease afforested with permanent, rRon
rotation indigenous forest.
¢ In order to capture alternate production methodsn8riol is furthersubdivided:

0 Scenario laassumsthe new afforestation areas aeenoved from productioand
converted to indigenous fest. ) )

0 Scenario Ibassimesthel a nd s u i nuaakUhukainfthe new mffdrestation
ar eas r enkakUnukaand arenided for enterprissch as medical or
commercial honey production

After identifying the newafforestatiorareas Section2 idertifies the areas of indigenous

forest that would require active planting versus passive afforestation. In order to estimate
productive potentiabf the indigenous forest aredlse areas suitable fanU n u khakh &re
identified. The opportunity costs ohe afforestation scenarios can then be estimated, as well
as theannualcarbonrelated benefits.

Section3 analyses the afforestation scenarios in more detathe Manawdt catchmenin
theMa n a wWlanganui Region of the North Islarithe majority of the land area in the

Ma n a wcatthinent is covered by pasture, as much of the previous indigenous forest was
cleared for farming over the last 150 years or so. This has caused erosion and other problems
on steep slopes in the area. Therals® significant variation in current land use, serving as a
good setting fothis case studyln order to identify at a finer resolution, the additional land
suitable forafforestationareas fopassive regeneration, aateas suitable for

mU n ukkUanéusinilar analyses aSection2 are undertakeim theMa n a wGatthinent.

The analysisn Section 3joes intogreater detail fothe economic analysandusesan
ecosystem services approach to classify the estimated costs and benefitsMramtte w a t |
analysis, benefits and costs are projected over a 50 year period.

2 Nationabnalysis

This sectionfocuseson nationakconomic and environmentiahpactsof theafforestation
scenarios. GIS maps and empirical models are first used to idéwifyarginalpagureland
across New Zealand thatsuitable for afforestation. Some thie new afforestatioareas

may not naturally reertto indigenous foredtecause of distance to other native forest which

! This initial identification of marginal land assessment identifies areas likely to be suitable for afforestation and
earning carbon creditslowever, there are particular conditions for eligibilityder the PFSkhe Emissions

Trading £heme or other carbon schemes which may not necessarily bEhisdimitation applies to all

analysis within this report.
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would act as a seedbarilherefore we identify areas thavould require active planting for
Scenario land those areas that would passively reat Scenario Ib, we also identify areas
suitable form U n ukkUan/ uak these areas could haveraductive usge.g. for honey
production

The focus of the nationahalysis is on the annual costs and benefits from a representative

year where the policy scenario is fully implemented. The two policy scenarios are compared
to the baseline land uses, assuming that the current land use is roughly representative of what
may have happened in the absence of the policy. A more detailed analysis at the national

level would require significantly more modelling, data, and analysis beyond the scope of this
project.

Using theNew Zealand Forest and Agriculture Regional Mod&lFARM; Daigneault et al.
2016 and several other inputs, we are able to estimate the opportunity costs related to these
afforestation scenarios. As a reminder, in Scenario Beall afforestation areas arenverted

to exotic plantation forestry. In scenatjall new afforestation areas arenverted into
indigenous forest. Thepportunitycostcontains two main inpufs (1) the value of the

earnings in the previous land use, and (2) the value of the convertetMaradso calculate

the carborrelated benetis of these scenarios using several different valuation methods.
Although these carberelated benefits are likely some of the larger impacts, it is important to
recognize that they are onbye of a range of potentiatosystem service benefiihis

broader range of ecosystem service benefits catiffieult to quantify and monetize,
particularly at the national levelhe reasons for this are explained in more depth in the

Ma n a wcase study.

2.1 Generatiomnf nationalmapsof areasmost suitablefor plantationforestry
and mostlikelyindigenousspecies

To identify areas of marginal land most suitable for afforestation, we drew heavily from maps
produced by Watt et a02011) (apreviousproject funded by th€ LMACC progranme?).

This earlier work identified three potential options for afforestation, depending on
assumptions aboldnd suitability which was based aand Use Capability (LUC) classés.

LUC classes B are designated as unsuitable for arable land use, and lggtgIlSliC 5),
moderate (6), severe (7), and extreme (8) erosion. The afforestation scenarios developed in
Watt et al (2011) focus mostly on differesde land in LUC 6, where forestry is a suitable

land use to control erosion. Each scenario also inclashets lfrom LUC 7 and 8 that would

be suitable for forest.

The most conservativ&cenariooptionin Watt et al. (2011assumed that only the least
versatile land classes with sevépeextremesrosion would be afforested, the secoption
included lands wh moderate t@xtremeerosion, and the third included slight to extreme
erosion aredJsing themost recentand cover map2012 2013) we have reproduced these
three options. For all our analysis below, we use the first scenario of Watt et a), (26ith
represents the most conservative assumptiorgeassuitable for afforestation andhasthe

2 Sustainable Land Management and Climate Change (SLMACC) Research Programme:
https://www.mpi.govt.nz/fundingndprogrammes/farming/sustainabbdmanagemerandclimatechange
researckprogramme/

SFor mor e i nf or mktp/iwen.landaareréseb@h..nz/pabiications/booksAUGIS map of
LUCOs can bletpsf/lasusandoording/layer!7ézlri-land-usecapability/
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smallestafforestation areaf the threeoptions.That land is less likely to face competition for
other higher value agricultural uses, and it is theretftedeast disruptive policy option.

To identify the new afforestation areagyh resolutiomationatlevel GIS datasetare used
that covelland use, terrain attributes, aadange oénvironmental variables. Thggimary

data source was tlidew Zealand_and Cover Databag&€CDB), whichis a digital map of
land cover created by grouping together similar classes that were identified from satellite
images’

A map ofadditional areasuitable for afforestatigrbased on theonservativeption

described inVatt et al. (2011)s foundin Figurel. Potential areas for afforestation appear in

black.A total of 695,566 ha of afforestation area were identified for our peefeption. Of

t hat area, approximately 26,000 ha are cl ass
there are669,966 ha availabler afforestation Of that area, 531,051 ha, or 79%, is on the

North Island, while 138,914 ha (22%) is on the Soutmts® To compare across the updates

of the different scenarios from Watt et al. (2011),

Tablel illustrates the total area in each scenario, as well as the distnilaross the North

and South islands.

4 The most recent version of the NZ LCDB, which was released across 2012/2013, can be found at:
https://Iris.scinfo.org.nz/layer/428db-v41-land-coverdatabaseversion41-mainlandnewzealand/

5In comparison, the two less conservative options had 1,094,361 ha and 2,834,962 ha of land being afforested.
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Figurel: New afforestation areas

Tablel: Updated afforestation scenariasfriwWatt et al. (2011)

Option 1 Option 2 Option 3
;gsir?]&rigrs]ison Severe t@extreme Moderate to extrem: il)i(%rhetr:]oe
E;))rth IslandArea( 6 0 O 531 756 1,640
ﬁ;))uth IslandArea( 6 0 O ! 138 375 1,283
TotalArea( 6 0h@ 0 670 1,131 2,923
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2.2 ldentification ofreas ofpassiveregeneration anactiveafforestation for
indigenousareas

The previous section identified potential areasfew afforestationin scenario E, these
areas will be actively planted and managedPous radiatatimber productionln Scenario

I, however,some areas are likely tevertnaturally toindigenousspecieswhile other areas

will require active management to convert to indigenous forest. The probability of natural
reversiondepend on landscape and locatirased factors. In this section we estimate which
of the new afforestatioareaswill passively reveras opposed to thoseeas which will

require active plantingand management famdigenous afforestation. Mason et al. (2013)
provides the foundation for our analysis of passive versus active afforestatiotigenous
forest

Masonet al . (2013) selected 10,061 plots from
Databank, andnalyzedhem to identify central environmental and land cover influences that
affectthe occurrence probabilitgf indigenous vegetatioPlot surveys were calucted

between 1982 and 2008CDB also played a central role in this effort, in addition to a range

of environmental and land cover GIS datasets. Mason @Cdl3) found that the most

important environmental variable was mean annual temperature, tidifeost predictive

land cover variables were local woody cover and distance to forest. We use GIS maps from
Mason et al(2013), and link them with our other analyses and mapketuify the areas that

are more suitable faactive or passivendigenousafforestation®

Figure2 shows thepotentialareasf indigenousafforestation, split int@reas ofctive and
passive afforestation. The pink areas represent actweestfation, while the blue areas
indicate passive afforestation. The importance of temperature found by Masof2@13) is
noticeable in the map, as colder areas at higher elevation fall more generally into the areas
that requireactive afforestation.

To summarize the content Bigure2 in an alternative formafable2 ill ustrates breakdown
between active and passive areas in hectares (for the identified afforestation areas). Across
New Zealand, approximately 581,070 ha are in areas of passive afforestation, while 88,895
ha are in areas that require active afforestatiothoigh the actual success of natural
reversiondepends on a variety of factors, as emphasized by Mason et al. (2013), areas of
passive afforestation would be expected to revert to natural forest with a high probability
after the land was no longer actively managed for its current use.

6 Note that the Mason et al. (2013) work puodd a probability map describing the probability of passive
afforestation, based on a range of inputs. Based on recommendations from the authors of that work, we used a
probability cutoff of 0.6 to differentiate between the two areas. Greater than Odehvessated as passive

afforestion areas while less than 0.6 was active afforestation areas.
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Table2: Areas requiring actiwerus passivafforestatiorio indigenous species

Indigenous afforestation Total Passive Active
(ha) (ha) (ha)
North Island 531,051 480,429 50,622
South Island 138,914 100,641 38,273
Total 669,966 581,070 88,895

- Active
- Passive

Figure2: Potential areas of active and passive indigenous afforestation
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2.3 Manuka anK a n wsuitability

In the two indigenous scenarios analyzed in this report, Scenario la and b differ by their
assumptionsrroundthe use of indigenous forest. Scenario la assumes\althfforestation
areas are not used for any production ygéereas Scenario Ib assumes that some of that
land can be used for (ndrarvested) productiori-or our analysis, we assume this productive
use relates tmthukak U n welad products such as honBgr Scenario lbwealso

estimate wherenlhukak U n s knare likely to occyrand changes thepportunity cost
estimationdetweerScenarios la and 1b

We adapted the work of Watt et @012)as theyincludeda predictive model of those two
speciesThe growth of rihukak U n stndsvere modelledising a physiologically based
growth model (CenW 4.Ghat explored the relationship ofthukak U n stands to
environmental conditions and othefated factorsMean annualémperature and

precipitation weradentified ashe best predictors, withthukak U n edmaletely absent
from sites below BC. Therefore, v usel the temperature and precipitation prediction
equations from Wattt al.(2012) to define the probability of occurrence dihwkak Un u k a
as a function of temperature and precipitation.

For temperature:
(1) ProbremgOccur) = 7.15% (TempC)i 30.734

Where TempC is thenean annuakemperature in degrees Celsius, and
ProbrempOcaur) is the probability of occurrencbased on temperature

For precipitation, whereneanannual precipitation is below 1,550 mm/yr:
(2a) ProlPrecigOccur) = 0.06 Precipi 16.5
For annual precipitation greater than 1,550 mm/yr:

(2b) ProkPrecigOccur)=12(Ei 10) x Precig + 5(Ei 6) x Precig i 0.0418x Precip +
119.57

In areas where the probabili/based on precipitation and temperafinathof which are
greater than 50%, the land is designated as having the potentidlfokak U n sténds.
Table3 outlines where thukak U n afforestation is likely to occuwhere green areas are
suitable for rthukak U n uwhike red areas are nd@tpproximately 52% othe new
afforestation area is suitable fothukak U n (Tiatde3), with a larger percent of the North
Island being suitable for thukak U n whknahe South Island.

7 Given the difficulty in predicingmn uk a and kUnuka, it is important
other characteristics related to their growth, suechal conditions.
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Table3: Summary of affor &anaukabiyn ar eas and

Total new afforestatior

Area suitable for Percent suitable for for

%223 ma n(htg)lam/u ke ma n Kkkaa/u k ¢
New Zealand 669,966 348,055 52
North Island 531,051 337,172 63
South Island 138,914 10,883 8

- Not Suitable for Manuka/Kanuka
-, Suitable for Manuka/Kanuka

Figure3: New afforestat

on areas suitable f
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2.4 Opportunitycost of convertingfromexistinglanduseto permanenforest
The opportunity cost for eadtenario is estimated as:

1 ScenarioE: thenewafforestatiomreasonvert from pasture production exotic
forestry so the land remains in productive uEbke opportunity cost is represented by the
profit from the previous land use.

1 Scenario la thenewafforestatiorareas convert to indigenous forele land is
removed from production. The opportunity cost is composed of the profit from the
previous land use plus the value of the converted land.

1 Scenario Ib: thenew afforestation areas convert to ireligus forest with those areas
sui t ab | nukak O m béing)used for used for productive purposes. In this instance
for medical or edible honey productiofhe opportunity cost is composed of the profit
from the previous land use plus the value of ieverted land. Due to the honey
production, there is ledand opportunity cost than Scenario la.

To estimatehe opportunitycostassociated with changes in profitabilitye employed the
NZFARM, along with related data on land val&@st, the changen agricultural profits
resulting fromScenario E and Scenaripwhich is a main component of opportunity ¢ast
estimatedAgricultural profits are represented agerage annual lost EBI'Bgrningsbefore
interest andaxes)for each scenario

Theagricultural EBIT opportunity cost estineswerederived using NZFARMNZFARM
incorporates data and estimates from economic and land use databases and biophysical
models.The modeis a nonlinear, partial equilibrium, mathematical programming model of
New Zealand land use. Current land uses were deriveddnaational land use map (based

on AgriBase and the NZ Land Cover Database version 4 (LCDBv4)). Economic returns were
obtained by integrating several sources on farm budgets for relevant entefypeisssihe et

al. 2008 MPI 2013a, b; Lincoln University Budget Manual 2018t farm revenues vary by
thefarm/enterpriseype, size, and location and can be aggregated by regidarahdse The
modelenables theomparisorof EBIT between the current lan$e baseline arehch

scenario.

The foregone EBIT from previous land uses is a part of the opportunity cost for all scenarios,
as they all assume that the same marginal land is converted from its existir\yyhmse land
moves from a productive use amon-productive use wesaune the land is purchased from

the current land owner and retired from its productive®ds is the value of the land

portion of the opportunity coststimation

To estimate the value of tHend opportunity costwe use the edian sales price per hectare
for farm land from the Real Estate Institute of New Zealand (REIREJNZ differentiates

8 There is, however, one important caveat. We assume that existing forest remains as it is. So in Scenario E,
which replaces marginal land with exotic plantation forestry, we assume the existing indigenous forest is not
converted. Likevse, for the indigenous Scenarios la and Ib, we assume that existing exotic forestry remains
plantation forestry.

% Note that there are several alternative policy instruments that could effectively sideline land for afforestation.
For instance, placing a covenant on the land to dedicate it to forest. Our chosen policy instrument likely
represents a conservative uppeuid on the potential opportunity cost of land, as the others will keep some
land under citizen ownership and potentially allow for other productive and related activities.

Ministry for Primary Industries Valuing the Benefits of Fore§tsl



land valueregionaly andby farm type.These estimates represent an upper bound, since the
profitability of the land is normally facted in its value Therefore profit (as represented by
lost EBIT) is notlikely independenof the value of the land. In treatitgnd value and
profitability as additive we assume that they are independent. To calculate the annual
oppolztunity cost, the vaé of land is annualizedo can be interpreted as foregone rent on the
land.:

2.4.1 EBITopportunitycosts

Table4 contains information about tleairrentland uses imreas identified athe new
afforestatiorareasThe current landises arelominated by sheep & beef (72%), native forest
(12%),andscrub(4.5%), while dairy, arable, and grapepresentess than 1% of the total
area.Themajority of the sheep & beef farms are generating minor or no profits, while dairy,
fruits, vegetables, and grapes are generating the highest fCoiitgaring the amouiof

land to the net revenue figures, the more profitable enterprisésid@yreiticulture (grapes),
vegetables andairy. Note that the minor difference between the total ha at that bottom of
Table4 and the total afforestation area6¥5,566ha identified section 2.1 are due to slight
differences in the underlying GIS datasets.

Tabled: Distribution of area and EBITwirentland useby farm type

Currentar)d usén new Correspondingarea quresponding Corresponding&BIT
afforestation area (ha) agricultural EBIT per ha
($N2) ($NZ/ha)
Arable 37 61,750 1,669
Dairy 5,325 13,247,235 2,488
Deer 5,203 5,177,032 995
Exotic Forestry 20,357* 11,421,411* 561
Fruit 71 522,605 7,361
Native Forest 87,240 0 0
Other 18,563 0 0
Other pasture 20,204 388,594 19
Pig 7 9,612 1,373
Scrub 31,175 0 0
Sheep & beef 501,992 31,088,779 62
Tussock 2,637 0 0
Vegetables 111 361,388 3,256
Grapes 1,920 9,224,887 4,805
Total 694,844 71,503,293
TotalWithout Exotic and Native 587,245 60,081,882*

* Note that we assume that in Scenario |, exotic forestry is not conhgereolitestSimilarly, in Scenario E,
native forest is not converted to exotic forestry.

So in the case of the producer otwemselvgs. t he | and, the:
Al so, the approximately 26,000 ha of reserves discu:
or AOther o here.
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2.4.2 Totalopportunitycosts byscenario

Table5 presents the opportunity costs of converting existing land ingheafforestation
areas. The table lists these opportunity costs by region. As explained below, the shaded
columns represeithe total opportunity costs for the three scenarigs la, and Ib.

For Scenario E, the total opportunity cost of converting is the lost Epigroximately $60
million. Since the land stays in productio@s it is converted to exotic foresiryhere isno
opportunity cost othe value of théand. This Scenario E total opportunity cost is displayed
in the second column, and is approximately $60 millldote that this value differs from the
total of Table4, as that table includes existing exotic forestry (which is not converted).

The third and fourth data columostlinethe value otonvertedand for Scenario la and Ib,
respectivelyThese are estimated from th&IRIZ land value data mentioned above. The

total value of a property is the net present value of future returns, so to get annual values the
REINZ data are annualized. To annualize the data we use an 8% rate. There are several
potential interest rates thedbuld be used. New Zealand Treasury recommend&% date

for social benefitcost analysis, although theyeviouslyrecommenddan 8% rate for the

social cost of capitdf The opportunity cost dbcenario Ib is lesthan Scenario la because

the proporton of the land assumed to stay iimkarelated production (except for Otago

and Southland, which had no afforestation areas suitablefurkak U n udkoan 6t hav e
sameopportunity cost of the value of converted laathce it is still in a productivese The

final two columns contain the opportunity costs for Scenarios la and Ib, which are the sum of
lost EBIT and valuef converted land

It is important to note that the opportunity costs for Scenarios la amndrimality, will

depend on the poljcused to implemerihose scenariodf the policyimplementednvolves

the government purchasing the land from the current owner, then the opportunityasost is
illustrated inTable5. However, if an alternative policy is deployed, such as placing
permanent forest covenants on the land, then the opportunity cost is less straighttarward.
this policy context,he originalland owner may still be able to generate aarleredits from

the land, or other ecosystem services, aigghrtion of theopportunity cost is no longer the
full value of the land. As stressed earlier, the estimattss reportikely represent an upper
bound, since the profitability of the lamginormally factored in its value, and hence the profit
(as represented by lost EBIT) is probably not independent from the value of the land. In
treating them as additive here, we assume they are independent.

21n this report, we use a wider range of rates to illustrate the full range of potential estimates, smtignsist
report values using 3% and 8%. Th6&% rates currently recommended by Treasury should fit within this
range, while allowing foa wider range of estimates. Other countries frequently use 7%, such as the US and
Britain. http://www.treasury.govt.nz/publications/guidance/planning/costbenefitanalysis/currentdiscountrates
The 8% used here for the social cost of capital should yield cooiservative estimate of net benefits, since
many of the costs occur closer to the present than the benefits.
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Tableb: Annualopportunity costs by region ($NZgafivertinghe newafforestatiorarea

Region Total afforestedrea Lost agricultural Value otonverted  Value otonverted Lioks 2211 = Lioesl I =
(ha) EBIT ($NZ) land Scenario la land Scenario Ib CAMEEE Ia_mdalue canverted If_mdalue
Scenarida Scenario Ib
Scenario E Scenario la Scenario Ib
Opportunity Cost Opportunity Cost Opportunity Cost

Auckland Region 1,364 148,726 3,568,367 152,689 3,717,093 301,415
Bay of Plenty Region 5,385 2,103,301 37,541,507 5,722,285 39,644,808 7,825,586
Canterbury Region 71,755 4,509,952 73,185,872 72,081,232 77,695,824 76,591,184
Gisborne Region 104,254 1,044,412 148,737,670 33,377,089 149,782,082 34,421,501
Hawke's Bay Region 66,805 15,999,711 67,652,921 26,048,800 83,652,632 42,048,511
Ma n a-anganui Region 169,005 11,029,688 100,661,686 59,031,742 111,691,374 70,061,430
Marlborough Region 15,422 2,143,932 16,500,500 11,683,279 18,644,432 13,827,211
Nelson Region 1,122 77,753 1,451,508 545,750 1,529,261 623,503
Northland Region 4,449 261,838 4,338,391 108,156 4,600,229 369,994
Otago Region 29,616 2,244,047 38,717,878 38,717,878 40,961,925 40,961,925
Southland Region 3,693 784,665 7,686,860 7,686,860 8,471,525 8,471,525
Taranaki Region 21,620 2,714,981 24,996,834 1,035,058 27,711,815 3,750,039
Tasman Region 10,486 2,078,737 12,683,781 10,011,865 14,762,518 12,090,602
Waikato Region 29,807 5,392,166 63,053,003 10,380,983 68,445,169 15,773,149
Wellington Region 44,466 7,110,840 30,164,709 14,226,323 37,275,549 21,337,163
West Coast Region 7,997 2,437,132 5,209,318 4,047,616 7,646,450 6,484,748
Total 587,247 60,081,881 636,150,805 294,857,604 696,232,686 354,939,485
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2.5 Increases imxoticforestryearnings

In Scenario E the afforesdland will be converted from its previous land use into exotic

forest production. Using NZFARM, we calculate the average annual EBIT expemtethé

new forestry operations. In this part of the analysis, we are focusing on annual values. These
values arehe estimated EBIT for forestry operations, assuming that the local area has the
proper infrastructure to support the increase in forestry, and assuming that local farmers are
willing to change their land use. The results of thestenates are outlinad Table6. The
largestincrease IfEBIT is theMa n a wWdanganui Region, while the smallest is the Nelson
area. An important cavetd these estimatas that the modéng usescurrent profitability

they do not reflect any changesniarket conditionshat may beaffected by the increase in
forested areas

Table6: Estimatechationalincrease iforestryearnings annual average

Region Gainsfrom timber
($N2)

Auckland Region 1,037,278
Bay of Plenty Region 3,333,665
Canterbury Region 19,178,675
Gisborne Region 61,909,180
Hawke's Bay Region 33,980,225
Ma n a-#anganui Region 100,972,455
Marlborough Region 5,546,250
Nelson Region 364,031
Northland Region 3,448,134
Otago Region 7,638,856
Southland Region 1,411,443
Taranaki Region 14,220,458
Tasman Region 3,394,194
Waikato Region 18,434,312
Wellington Region 24,800,276
West Coast Region 2,892,839
Total 302,562,270

Table7 presents thehange in EBIT from converting &xotic forestryby previous land use
instead of regiorNotewe assume thdhe areas ohdigenoudorest are at converted to
exotic forestry operationgndthe existing exotic plantations remain as they were.
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Table7: Estimatedncrease iforestryearningsannual averagay previouslanduse

Enterprise Total afforested area Gains from timber
(Ha) (SNZEBIT
Arable 37 20,196
Dairy 5,325 3,012,997
Deer 5,203 2,252,974
Exotic forestry 0 0
Fruit 71 40,217
Native forestry 0 0
Other 18,563 0
Other pasture 20,204 11,005,215
Pig 7 4,210
Scrub 31,175 9,865,897
Sheep & beef 501,992 274,590,924
Tussock 2,637 800,010
Vegetables 111 38,412
Grapes 1,920 931,218
Total 587,245 302,562,270

2.6 Changes irarbon

Reductions in greenhouse gasses can yield a wealth of benefits, most importantly human
health benefits, but also including aesthetic and habit impacts (US EPA, RAEARM
provides outputs related to greenhouse gas emissions and carbon sequestriatiozan be
used to identify some of those benefit categof@s both scenarios E and |, we calculate the
additional carbon sequestrationthe new afforestation areass well as thgreenhouse gas
(GHG) emissions avoideftom moving from theprevious lad useto a forest userhese
represent thaverage carbon stock change as the forest reaches a steadf/cadben under
the new afforestation scenariaghere the new scenario is assumed to be fully implemented,
and the annual values depictegresentative yea?

13 At the national level, we do not go into detail about the transition path to these new steady state values. In the
later case study on the Manaiw, we more explicitly estimate the transition from the existing land use to the
new afforestation areas.
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Table8 outlinesthe avoidedGHG emissions andarbonsequestred inthe new afforestation
areador Scenario ETheavoidedGHG emissionsire tke emissions that would have

occurred if the land remained in its previous,wskile the carbosequestratiors from the
new plantings of exotic forestry.
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Table8: AnnualGHGemissions andarbonsequestration for Scenaridéxotic forest)

GHG avoided  Carbon sequestratio Total GHG auded and

Land use (tons C@) (tons C@) cartzfonsg%ucgstered
Arable 62 429 491
Dairy 10,969 61,004 71,973
Deer 879 59,604 60,483
Forestry 0 0 0
Fruit 41 808 849
Native 0 0 0
Other 0 212,653 212,653
Other pasture 17,550 231,451 249,001
Pig 18 86 104
Sheep & beef 120,006 5,750,587 5,870,593
Vegetables 31 1,266 1,297
Grapes 1,313 21,993 23,306
Total 150,869 6,339,881 6,490,750
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Table9 outlinesthe results of ScenarioNherethe new afforestation areas aanverted to
indigenous forest. Based on the forestry literature, indigenous forest sesjlesstearbon

than exotiglantation forestryThis is mainlydue to thenigherdensity and volume dimber
in exotic plantations as comparedindigenousforest, among other things.

14 See, for example, the NZ ETS lookup table estimates of carbon storage for several species across time:

http://www.mfe.govt.nz/climatehange/reducingreenhousgasemissions/nevezealandemissiongrading
scheme
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Table9: GHGemissions andarbonsequestration for Scena | (indigenouforest)

GHG avoided Carbon sequestratio Total GHG awded and

Land use (tons C@) (tons C@) cartzfonsg%ugstered
Arable 62 22 84
Dairy 10,969 3,195 14,164
Deer 879 3,122 4,001
Forestry 0 0 0
Fruit 41 42 83
Native 0 0 0
Other 0 11,138 11,138
Other pasture 17,550 12,123 29,673
Pig 18 4 23
Sheep & beef 120,006 301,195 421,201
Vegetables 31 66 97
Grapes 1,313 1,152 2,465
Total 150,869 332,061 482,929

There are several assumptions that underpin this analysisfl@ct current production, the
NZFARM model assumes that the forest area was planteti9dfe This may induce some
uncertainty with the new afforestation areas, since they will be new plantings. To annualize
profitability estimates, the model also asssraesmall harvest each year instead of one large

one at the end of a rotation (see Daigneault et al. 2016 for more details). These assumptions

may produce some differences with the est
below, which better accoufudr the time path of forest growth.

The reductionn net GHG emissionsan be valued using several different meth@s$G

emissions have diverse impacts. These impacts have been explored in a range of international

research projects, and many OECD membeintries estimate the monetary impact of

carbon emissions (OECD 2018)pcusing specifically on carbon dioxide emissionsns
countries use an estimate of the ASoci al
to monetize the benefits or costgefjulation (Marten et al. 2015)he SCC represents the
present value of the future stream of damages associated with marginal carbon efiissions.

Under a set of strict equilibrium assumptions, a properly functioning carbon market can
provide insights abdumarginal abatement costs of carbon, and potentially the marginal
benefits of emissions to firméctive trading in a competitive carbon permit market can
theoretically price carbon at the value at which the margipalementostof a unit of
emissionsare equal to the marginbénefit Several countries, and even some US states, have
implemented carbon permit markets to mixed res@tker countries, such as Ireland, have
an explicit tax on car bo@0x¥.kormohe backgound one n t

15 Note that the SCC is a global figure, so contains benefits dudside of New Zealand. Additionally, the
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these different approaches, the New Zealand Treasury provides an overview:
http://www.treasury.govt.nz/publications/reseapzlicy/wp/20%/0502/06.htm

As a result of the Climate Change Response Act of 200Zabdequent amendmsniNew
Zealand haan active carbon trading market: the New Zealand Emissions Trading Scheme
(NZETS).The NZETS also puts a price on carl3®forestry isalrealy covered irthe

NZETS along with several other economic sectbi®vever, agriculture is not currently
covered(Daigneaultet al. 2017).

Due to the uncertain nature of the future impacts of climate change, as well as uncertainty
about future internatial agreements related to carbon pricing and trading, there are a wide
range of estimatesr the social cost of carban the literature. To simplifpur analysiswe
usetwo datasources to valuthe GHG emission reductienassociated with each scenario

First, we use the currenarbonpricein the New Zealand Emissions Trading Scheme (ETS)
approximately $17Thisprice, however, is likely an underestimate, as it only captures current
trading and does not directly incorporate the potential for future agreements, regulations, and
impacts that might increase (decrease) the demand for (supply of) carbon credits and
therefoe raise their priceln addition, we are not modelling the potential revenue that could
be gained from the afforestation scenarios at the national level, which would require more
data and modelling. We are simply using the ETS price as a proxy for tleeofamissions
reductionsin modelling the impact of itearget under th@aris Agreemenfon Climate

Change) New Zealangissumedh globalcarbon priceof $50by 2030’

For a wider sensitivity analysis, we also employ the United States estimates$@Ghe

which vary by several factors and provide a fairly wide range of valudfigxisimportant
feature of the US estimates is that they capture the range of many other current estimates,
such as the UK traded carbon valtihe Irish Carbon Tax, and vaus EU estimates.
Furthermore, a 2010 report commissioned for the New Zealand Parliamentary Commission
for the Environment estimated future New Zealand ETS prices, and those future prices fit
within the US SCC estimaté$.

Table10 shows theange ofvalueestimategor the reduction in net GHG emissiofos

Scenarios E and I. The 2020 US SCC estimates are used for these annual values, alongside
the current New Zeal@ETS price. The SCC estimates vary by the discount rate applied
(such as 5%, 3%, or 2.5%). For Scenario E, with approximately an 8 millioareeuction

in net GHG emissionghe value of carbon benefits ranges from $137 million to $833 million
(NZ) dollars. It is again important to note that this represents an average year, which masks

16 hitp://www.mfe.govt.nz/climatehange/reducingreenhousgasemissions/nevzealandemissionstrading
scheme

17 See

http://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/INDC cabinet paper for publie.releas
pdf, as well asttp://www.mfe.govt.nz/climatehange/internationdbrumsandagreements/unitedations
frameworkcornventionclimateO

18 geehttps://www.epa.gov/climatechange/soaiaktcarbon

9 hitps://www.gov.uk/government/uploads/system/uploads/attachment_data/file/600710/Updated _short
term_traded carbon_values for appraisal purposes 2016.pdf

20 hitp://www. pce.parliament.nz/media/1292/codial-report 19-07-10.pdf
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important temporal fluctuations in carbsequestrationl he Scenario | benefits are estimated
to range betweefil0 millionand$58 million.

TablelQ Value othereductionin net GHG emissions

2020 SCC

USSome NZ$/tone Scenario E Scenario |
(2007 $US) (2017) (2017 $NZ) (2017 $NZ)
Reduction in GHG emissions (tofaes C
- - 6,490,750 482,929
Value of reductions in net GHG emissions
Current NZ emissions price - $17 $110,342,748 $8,209,797
US SCC 5% average $12 $19.94 $129,404,783 $9,628,063
US SCC 3% average $42 $69.78 $52,916,739  $33,698,221
US SCC 2.5% average $62 $103.01 $668,591,376  $49,744,994

Notes: Estimates for SCQlaltatlyear and emissions year specific. We first convert from 2007 to 2017 dollars (assuming
1.17% increase), and then from US to NZ dollars (assdADgl1UREXxchange ratdjor additional information on

the estimates, seps://www.epa.gov/climatechangegestiatbon Note that we do not use the high impact, 95

percentile estimates, which are $123 (US) per ton.

2.7 Summary of theationalanalysis

Three afforestation scer@s were analysed in th&ection which vary by their assumptions

about the post conversion land use. We identified afforestatiomreas based on previous

work by Watt et al. (201)L Within the new afforestation areas we aitdentified land suitable

for mthuka anck U n sgdeaesas well agdentifiedthose areas which would passively

revert to indigenous forest and those areas that would need active management for indigenous
afforestation

We used NZFARM and related resources to calculate several notable national afforestation
impacts. These include the opportunity costs for each of the three scenarios, increases in
exotic forestry earnings, and carbralated changed.he agricultural oppounity cost of lost
production was estimated to be approximately $60 million for each scenario. The opportunity
cost of land was highest for Scenario la, at approximately $600 million. Scenario Ib had an
opportunity cost of land of approximately $300 roifli The land opportunity costs are

directly dependent on the policy used to implement afforestation, so are more uncertain than
the opportunity cost of lost EBIT.

The afforestation scenarios are expected to produce a range of benefits. We have only
monetizd two in this national analysis: increases in timber earnings and the value of carbon.
We monetize and quantify several additional impacts ifen a wcatthinent case study
below, including the value of honey production and water quality benefits.

Scenario E is estimated to produce $300 million in incred¥eds radiataprofits, as well as
$140 million in carbon benefits. Scenarios la and Ib are estimated to result in approximately
$10 million in carborrelated benefits.
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2.8 Nationalevel analysidimitations,uncertainties, andssumptions

Someof the important uncertainties and assumptiorthie nationalevel analysis are
outlined inTable1l1l. As noted in the t&, we have attempted t® conservative in our
assumptions where possible.

Tablell Uncertainties and assumptions

Issue Impact on estimate  Notes
Only annual valies Uncertain In some analyses, such as opportunity costs, the ave
presented annual valus likely a goquloxy. However, for other

impacts, such as carbon or other ecosystem service!
have a distinct time path, annual values may be a pc
representation.

Use most comvative Underestimate the tol Thearea ofandafforested could be higtiepending on tf

afforestaticgtenarirom  potential land for Watt et al (201scenario chosenincentivised

Watt et al. (2011 afforestation

Assume value of land an Overestimate This addition may be double counting some opportur

log EBIT are additive opportunity costs SO represents an upper bound.

Missing a range of Underestimate benefi For this analysisyés only posé to quantify or maeeti

ecosystem services and a portion of the changes in ecosystem services, althc

other costs several others are described.

Carbon valued using NZ Underestimate of full We use a fairly conservative value for a tonne of carl

ETS welfare impacts of whictbased on current rates. Several sources in the |
climate change indicate that the actual weltased value is larger, and

other sources icalie that the ETS price may increase
significantly in the coming years.

Carbon valued using ste: Effect depends on The estimates of carbon sequestered are based on

state average scenario assumptions from NZFARM that were made to annu

emissiorsequestration estimates, such as a small annual harvest. More det:

from NZFARM be found in Daigneault e2@L§).

In Scenario la, we assun Overestimate Other policy mechanisms might be usszhtovise

that all land is purchasec opportunity cost efda permanent afforestation, such as covenants on the i

from landowners. that case, the opportwust of the land will be significa
less.

3 Ma n a waachnientnalysis

To explorethe potential impacts dhe threeafforestatiorscenariosn more detail, we

undertake aelatedanalysis intheMa n a wcat¢hinentHowever, in this analysis we

explore impacts over time and consider the transition path to the new land use. In
comparison, the previous national results portrayed a representative year once the policies
were fully implemented.

TheMa n a wcatthinenis located in thVla n a wWslanganuRegionin the North Island
(Figure4), which is the region with the largest area of new afforestaliahlé4). Most of
theMa n a wcatthinent is covered by pasture, as much obtiggnalindigenous foreshas
beencleared for farming over the last 150 years off$w clearing of the indigenotisrest
has led teerosion and other problems oeep slopes in the area (Aussaial. 2013. The
Ma n a wcatthinent overlaps some of the area of six Territorial Autho(ifiay: Central
Hawkeds Bay,MaHvoar vodadibetonuPalmerston North City, and Tararua.
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Il Manawatu Catchment

Figure4: The Manawatu catchment

3.1 Identificatiorof suitableareasfor plantationand indigenoudorestin the
Ma n a waichnient

Using the same process described in the natemmadlsisn Section2, we identifiedthe areas
intheMa n a wcatthinent fonew afforestation usinthe most conservativafforestation
scenarian Watt et al (2011) (Figure5, wheredark green represents the nafforestation
area$. Similar to the national analysis, we omit all conservation and reserve land from the
analysis Approximately 40,000 ha of landereidentified fornew afforestation in the

Ma n a wcatthinentThe distribution of current land usestie newafforestation areais
foundin
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Table12 The most prevait# existing land use is she&pbeef, at approximately 32,000 ha.
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Tablel2 Current land use area for future afforestation withM the@ a wachnient

Enterprise Class Area (la)
Dairy 800
Deer 362
Forest 642
Native 637
Other 416
Other pasture 1,326
Sheeg leef 31,606
Scrub 3,608
Arable <1
S
¢ f.ﬂ
W
g i :
- Projected Afforestation
Allother Areas

Figureb: Afforestation areas in the Manawatu catchment
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3.2 Active and passive indigenous afforestation ilvthen a waichnient

For thenewafforestation area@-igure5), we estimate which areas would require active
afforestation in Scenargda and Ib The approach for identifying these areas is destfidre
the national analysign Section2. There werenly four smalllandareas (totaB.3 ha)
identified as requiringactive afforestatiod* These arall located in the southwest of the
Ma n a wcatthinent (red circle in

Figure6). Theaveragecost of indigenous afforestation would be lower inkha n a wa t |
compared to the national average cost

- Projected Afforestation

All other Areas

2! These four areas may be an artefact of overlaying multiple GIS layers, and under certain policies might not
qualify for carbon credit
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Figure6: Active indigenous forest areastfoe Manawatu catchment.

3.3 Areas suitable fala n kkkaan inkhaM a n a wachnient

As with the national analysis, we use the models from Watt et al. (20it@ytify the new
afforestation areas suitable forU n ukkUan/ (Figare7). Of the almost 40,000 ha identified
asnewafforestatonareq appr oxi mately 24, 00O0Unhitheaar e
identified areas are coloured purpleFigure?7, while thenewafforestation areas not suitable
for mChukak U n appear in dark green.

Afforestation suitable
for Manuka

I otherafforestation
areas

Figure7. Ar eas sui t ab inée Mamawatuncdmantk a / k anu k a
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3.4 Ecosystem services classification

To better evaluate tHall range of costs and benefits fine afforestation scenarios, we use

the ecosystem servicedassification(MA 2005). TheMillennium Ecosystem Assessment
(MA)2def i ned ec os ytBetbenafits paoplevobtainefrom exasyst@ms)ich
the MA classifyas provisioning, regulating, supporting, and cultural ser\itable13).23

Tablel3 Ecosystem services cate@wi

Provisioning Services Regulating Services

Cultural Services

Crops Air quality regulation Recreation & etmurism
Livestochkrilk Climate regulation Ethical & spiritual values
Livestochkneat Water regulation: flow Educational & inspirational value
Capturdisheries Water regulation: quality

Wildfoods: honey Erosion control

Timber & wood Water purification & waste treatr Supporting Services

Fibres & resins Biologicalontrol Habitat Provision

Ornamental resources Disease regulation

Biomastuel Pollination

Freshwater Natural hazard regulation

Genetic resources

Biochemicals, natural medicines
pharmaceigals

a: adapted from MA (2005).

Provisioning services include the direct products from ecosystems that people use. Many of
the agricultural products, such as meat, milk, and honey fit into this category (MA 2005).
NZ, apprasderivedat el vy
from primary industries in 2009, which includes agriculture, fishing, forestry, and mining,

According to Statistics

illustrating the large amount of resources dependent on these ecosystem services.

Regulating services include the impacts from the ecosystem people thiatahelp regulate
ecosystem processes, such as the regulation of air pollution by trees, the control of erosion by
tree roots, and the purification of water by plants (MA 20068 NZETS creates a market

for the climate regulating services providednajure.

Cultural servicegre thenon-material benefits that people receive from ecosys{dii
2005). New Zealand has a variety of sites that have specific cultural significance to many

people, and rapid landscape change is likely to affect these vahers. are many areas with

a history of spiritual practices, experiences, and values that depend on the composition of the

landscape. For instance, historic vistas might be significantly altered by large exotic forestry

plantations. In elevated, erosioropn e ar ea s

these areaso6 vi

transition from pasture farming to forestry may also affect farming lifestyle and the

S i

22The MAwas created by an active group of scientists, along with representatives from governments, private

sector, and nongovernmental organizations.

28 For more information on the MA, sédtp://millenniumassessment.org/en/index.html
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associated cultural experien&milarly, the degradation/improvement in water quality from
changing land usewill affect cultural valuesRecreatiorrelated benefits were recently found
to have a very high value in Turner et al. (2011), although those benefits were related to
mountain biking and walking trails, which were quite unique to the setting of thdiy. st

Finally, supporting services are seen as inputs into the other ecosystem services categories,
which can be necessary for their production (MA 2005). For instance, the provision of habitat
for pollinators is a necessary input to a range of agriculpucaucts.

Alt hough the term foealsesgngpopealansedsby ther20058A 0 wa s
report, economists hawaluedmany of thesservices fodecadegFreeman 2003Atkinson

et al. 2012). Estimatg these values serves an important role in policy analysis, and is
enshrined in the official requirements for regulatory analysis in several coftPiaeing

values on these services helps to convey their importance, and the integral role they can play
in various sectors of the economy. For instance, Gallai et al. (2009) suggest that insect
pollinators contribute approximately ($US) 190 billion to the pollination of crops used for
human consumption. However, significant challenges continue in this resespecially in

the areas of ecological production functions and related complexities in quantifying changes
in environmental outputs (Boy&l Banzhaf 2007Ferraro& Hanauer 20L1Atkinsonet al.

2012).

The analysis and valuation of ecosystem servicephagressed significantly since the initial
2005 MA reportWhen monetisingcosystem service values, some economists sugbyas

and Banzhaf (2007yecommenalassifying ecosystem services as either intermediate or

final services to avoid double coumgi Water quality, for examplé an intermediate service

for the production of fish. However, the issue is nonetheless quite complex, as water quality
is also a final service for recreators such as swimmers.

The concept of@system serviceis being ustin New Zealand to provide a consideration

of the wider impacts of land management decisf8@reenhalgh and Hart (2015), for

example, detail several important lessons from recent New Zealand applications, and find that
it holds considerable promise ftuture policy analysis and planning.

%See, for example, the US EPAOG6s Guidelines for Prepal
https://www.epa.gov/environmentatonomics/quidelinepreparingeconomieanalyses

25 hitp://www.landcareresearch.co.nz/science/portfolios/enhaimuticy-effectiveness/bebhtegratingcontains
several recent examples of ecosystem service approaches in applied policy.
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3.5 NZFARM Opportunity cost estimates foMben a wachnient

We use NZFARM®P to estimate a range of the provisioning serv{@able13), in particular
those related to agricultural or forestry land y$esseach of the three afforestation scenarios
The opportunity costoy TA, for each of the scenarios is outlinedlable14 (represented by
thegreyshading) As with the national analysithe opportunity cost for each scenario is

estimated as:

1 ScenarioE: the newafforestatiorareas convert from pasture prodantio exotic

forestry, so the land remains in productive use. The opportunity cost is represented by the

profit from the previous land use.
1 Scenario la the newafforestatiorareas convert to indigenous forele land is
removed from production. The oppanity cost is composed of the profit from the

previous land use plus the value of the converted land.

1 Scenario Ib: the new afforestation areas convert to indigenous forest with those areas
s ui t ab hukak fUn nbding Used for used for productive pases. In this instance
for medical or edible honey production. The opportunity cost is composed of the profit
from the previous land use plus the value of the converted land. Due to the honey
production, there is less land opportunity cost than Scerario |

Tablel4 Opportunity costs in tida n a weadchnient (2017 NZ dollars)

value of Value of Lost EBIT + Lost EBIT +
Lost EBIT ($NZ convertedand convertedand GIMVENED [ERE. GIMENEEY
: . value value
Scenario la Scenario |b . :
Scenario la Scenario Ib
Scenario E Scenario la Scenario Ib
opportunitycost opportunitycost opportunitycost
gz;‘”a' Hawke's 59,213 223,062 164,913 282,274 224,126
Horowhenua 28,949 299,046 159,939 327,995 188,888
Manawat I 1,268,287 3,380,893 2,232,817 4,649,180 3,501,105
Masterton 0 5,638 2,891 5,638 2,891
Eﬁ'ymersmn North 43 166 367,483 195,845 410,649 239,011
Tararua 1,843,688 16,670,522 5,560,100 18,514,210 7,403,788
I;féas””“a' 3,243,303 20,046,644 8,316,505 24,189,946 11,559,808
Totalvalueover 50
years (using 8% 42,851,048 276,750,447 109,879,029 319,601,526 152,730,078

discount rate)

Table14 indicates thafor Scenario E the opportunity cost for the catchment is approximately

$3.2 million/year in lost EBIT. For Scenario la, the opportunity cost is approximately $24

26 The version of NZFARM we use has the mosttoqolate input data availablEor instance, we are now using
the most recent version (4.1) of the New Zealaadd_Cover Database (LCDB).
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million/yea as the value of the converted land is included in the opportunity cost estimate.
This assumethe new afforestation areas are purchased by the government and set aside for
indigenous afforestation. Scenario Ib, has an dppdy cost of about $11.6 millioas some

of the new indigenous afforestation is being used for productive purposes, e.g. honey
production?’

Thelastrow of Table14 contains estimates of opportundgst projected over 50 years. This

estimateassumeshie sameannualEBIT figuresareearnedor 50 years. Since we do not have
anya priori assumptions or forecasts about trends in profitability, a constant flow of EBIT
likely representshe best estimatef those valus. The 50year estimate uses an 8% discount
rate, as suggested by the New Zealand Treasury for cost benefit analysis of this type. All
figures are presented in 2017 NZ dollars.

Table15 shows the change EBIT by land useThe highestand uses occupying the new
afforestatiorareasare dairy and sheep beef.

Tablels EBIT in afforestation areas, by previous land use

Land use EBIT (1) Area ka)
Arable 115 <1
Dairy 1,550,303 804
Deer 365,178 367
Exotic forestry 403,314 658
Fruit 110 0

Native forestry 0 4,303
Other 0 419
Other pasture 26,973 1,353
Sheep & beef 1,299,791 31,548
Vegetables 833 0

a: The exotiforestry is prested for illustrative purposes. The areas in already in exotic forest are assumed to remain in
exotic forestry forsakknarios.

3.6 New revenue sources

The afforestation scenarios will resultsaveral new streams of revenue, some of wivieh
can quantify or monede. In Scenario E, the new afforestatameaswill be planted with
exotic forestry, in this cadeinus radiata Under similar assumptions about production
discussedor the nationahssessmentve use NZFARM to model the increase in EBIT
derivedfrom to the additional exotic forestareas This increase in EBIT represents the
monetised change timber and woodecosystem service¥here are alseeverabther
ecosystem services that can eitberquantified or described qualitativeljhe new exotic
forestareamay directly or indirectheffect a number of cultural services. For example,

27 Note again that these estimates represent an upper bound, since the profitability of the land is normally
factored in its value, and hence the profit (as represented by lost EBIT) is probably not independent from the
value of he land. In treating them as additive here, we assume that they are independent.
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nearby recreational opportunitie®gy increassuch as birdwatching and hiking.
Alternatively, aesthetic vales (related tgcenic viewys may increase or decreasgsome
people prefer indigenous vegetation over exotic vegetation (B&owortimer 2013.
Moving from a pastoral land use faresedland may increasaesthetic value®¥

3.6.1 Exoticforestry

The increasén exotic forestry in théla n a wcatthinent in Scenario E is estimated to
increase EBIT by more than $17 million/yed@able16). The Tararua district isxpected to
experiencehe largest gaim EBIT from the new afforestation areas while Masterton gains
the least

The third column in the table shows the difference between a full conversion to exotic
forestry and the previous earnings. The bottom rowatile 16 shows the total net present
value across 50 years, using an 8% discount rate. All of the other figures in the table

represent annual values.

There are some important caveats to these rebirks, alarge expansion in forestry would
require a parallel expansion in the underlying local infrastructure, such as nearby mills,
durable roads, and skilled workéPsSecond, the likelihood of farmeesnverting pastoral
land to exotic forestry is probably mixedhd largeupfront costs antbng lag time before the
trees are harvested means that exotic forestry may not be considered a viabl@optiore
farmers particularlythose moreisk aversedrmersRisk-averse farmers tend to be thider
and more experienced farmérsvho are becoming the majorit{On the other hand, current
and future carbopricesmaysend strongncentivesfor the conversion of marginal lands to
exoticforestry.All our scenarioshoweverassume that all land identified for new
afforestation will be afforested.

28 Seehttp://www.doc.govt.m/Documents/conservation/humsaalues/evaluatingon-marketimpactsof-
wilding-coniferson-culturalvalues.pdfor further discussion of cultural values and views.

29 A recent New Zealand Herald article discussed future infrastructure problems with tre fanestry
rotation: http://www.nzherald.co.nz/business/news/article.cim?c_id=3&objectid=11692463

30 See the results from the Survey of Rural Decision Makers
http://www.landcareresearch.co.nz/science/portfolios/enhaipoticy-effectiveness/srdm26115
demographicgducatiorandcommunity/151-demographics
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Tablel@ Increases in exotic forestry EBIT for Scenario E

EBIT ($) from exoti

EBIT ($) from

Territorial Authority afforestation exisingland use Difference
Central Hawke's Bay District 220,618 61,920 158,698
Horowhenua District 349,148 51,851 297,298
Ma n a Wistrict! 3,142,778 1,324,465 1,818,313
Masterton District 6,043 0 6,043
Palmerston North City 363,589 69,693 293,896
Tararua District 17,072,045 2,138,68¢ 14,933,35¢
TotalannualEBIT 21,154,221 3,646,617 17,507,604
TotalEBITover 50 years 279,493,023 46,858,483 231,313,325

(8% discount rate)

a: This EBIT differs fiicablel4as it also includes the EBIT from existing exotic forestry areas. For instance, the previous

l and use EBIT
existing forestry EBIT.

3.6.2 Honeyproduction

for

Central

wih@58,R18 ablel B Beyause of th&$2,708 1 2 0

In Scenario Ib, we assume that some ofrtix afforestatiorareawill revert to

mU n ukkhaka and b used fomU n u k a pioductienyvl U n uhkneyfalls under the
wildfoods provisioning service as well e biochemicals, natural medicines and
pharmaceutals provisioningservice. Our analysi®r the Manawdt catchmenuses the

mU n upkediction equationsutlined in Sectior2. Estimatng honey revenue is difficult, as
there is limited informatiolnthe profitability of honey production in New Zead. There
alsoappears to bsignificant varidility in profits andnoneyquality 3!

For our analysiswe use information gathered from trade associations and beekbgpers
Daigneault et al. (2013 estimate the EBIT from honéyBased on thateport we

developed three profitability types for honey production. The least profitable bpeegtion

is a selfmanaged operation. Timext most profitable operatianvolves hiring a beekeeper,
which is marginally more profitable @¢h a selFmanaged operatioithe most profitable
honeyoperationinvolves the use of a beekeeper and the production of high UMF honey
which isquite rare. There is unfortunately a dearth of informaiticthe literature anéfom
thetrade associatimabout pedicting UMF level on a particular landscape. Discussions with
Apiculture New Zealand indicated that some of the central influesrté&sMF include: past
history of production from a landscape, soil quality, rainfall, climate and altitude, and

genotype?3

31 For instance, the April 2017 issueMéw Zealand Beekeepeighlights significant variation in honey yields
over the past year, even on the same plot of land.

32The final report can be found atitp://www.maniapoto.iwi.nz/wgontent/uploads/2016/04Economie

Analysis.pdf

3 There is a new MBIE programniBuilding resilience and provenance intomm t hent i ¢ MUor i
industry led by Landcare Research that is starting to address some of these challenges.
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Since several of those factors are included inMagt et al. (2012prediction equations/e

use to identify landuitabk for mthukak U n uwle lraveadapedthem topredicting the

potential of honey operation¥hose equations produce probability scoresfich area on

the ability to support khuka. As a fairly conservation assumption, we assume that only the
99" percentile of rohuka afforestation areas, in terms of rainfall and temperature probability,
are suitable for high UMF production. The remainamga withmUhuka is assumed to be split
between the other twarofitability types

Theestimated annuddoneyrelated profit by TA, is listedin Table17, along withthe
discounted net present value of those profits overygea® period. This calculation assumes
that the returns will remain constant ovlee 50 years.

Tablel7 Increases in honey EBIT for Scenario Ib

Territorial Authority EBIT ($)
Central Hawke's Bay District 23,580
Horowhenua District 186,853
Ma n a istrictl 484,053
Masterton District 1,730
Palmerston North City 79,116
Tararua District 4,920,116
TotalannualEBIT 5,695,448
Total over 50 years (8% discount rate) 75,249,196

3.7 Water quality valuation

Increagd afforestation willaffect several important regulating ecosystem services, such as
water quality and water quantity. Water quality should improve as land is converted from
agricultural use$o forested land. Afforesting land can reducgrient runoff mitigate

erosion, and prevent excess stormwater runoff. On the otherdfforeéstation reduces water
yield, meaningthere may be less water available for irrigation and other activitieséNuet

al. 2013). Due to data and time constrafatghis analysiswe focusprimarily onthe

changes in water qualitdditionally, the changes in water quantity produce uncertain
changes in values. On one hand, it may be more expdosifa@mers tarrigate their crops.
However, that may only have an impact at certain levels of existing water which are hard to
predict. On the other hand, recent literature indicates that citizens may have a positive
willingness to pay for water going to forests imgtefto agriculture (Baskaran et al. 2009).

To value the benefits of water quality improvements, we employ a benefit transfer approach.
Benefit transfers use estimated froarket values from a study (or studies) to evaluate

another area or policy (Freema003). Benefit transfer is commonly employed when time or
budget constraints prevent original analysis. Although there are a variety of water quality
valuation in the US and Europe, the New Zealand literature is much thinner. There are
several differentypes of benefit transfers, including unit transfers, function transfers, and
metaanalysis function transfers (US EPA 2014).

We use a function transfer, which allows us to correct for the characteristics of the local
population. Function transfers are geally recommended over unit transfers, as they allow
for some correction between the population of the original study and that of the site the
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values are being transferred to (US EPA 2014). Unfortunately, there are not enough water
guality valuation stueis in New Zealand that use comparable measures of water quality, to
construct a metanalysis function transfesolely based on New Zealand studies

In choosing water quality valuation studies for benefit transfer purposes, there are several

central critela. Most important, the studies must use water quality parameters that match the
outputs of our policy simulations. From RARM, we have data on the projected reduction

in nutrient loadings, so studies that value changes in nutrients are ideal. We &ekatgp

for stated preference studies in order to ca
(WTP) for water quality improvements. It is also important that the study is done in New

Zealand, ideally in an area similar to the Mandwat

After reviewing a range of potential studies, we selected Baskaran et al. (2009) for our
benefit transfe?! Baskaran et al. (200@stimates the value of percentage reductions in
nitrateleaching from agricultural activities, which is a good match to the outputs of
NZFARM. Baskaran et a(2009)ask respondents about th&fTP for either a 10% or 30%
reduction in nitrate leaching. Their econometric model estshtierent WTP values at
different income levels, whicthenallows us to tailotheir results to the Manveall area.We
use TAmedian household income data from the 2013 New Zealand Cendesve incomes
for the Manawdt catchment

In their paper, Baskaran et al. (2009) present WTP values for 10% and 30% nitrate reductions
at several different income legeWe harness the variation in their estimates to clestar

and nonlinear approximations of their WTP functions at different income leeeéstimate

the WTP for the NZFARM estimated changes in nutrient rur@dir preferred resulirethe
nortlinea approximationssince they allow for diminishing WTP as thercentchange in

water quality decreases, and because they allow WTP to approach zerpase¢hiehange
approaches zer@®oth the linear and nelinear approximations are shownkigure8, where

the lighter lines represent the linear approximations and the darker lines are the
corresponding notinear approximations. They show the relationship betweepdreent

change in nutrients and the estimated WTP.

34 In addition to general internet searches, we used the New Zealaridaiket Valuation Database
(http://selfservice.lincoln.ac.nz/nonmarketvaluation/default,abg) Environmental Valuation Reference

Inventory fttps:/www.evri.ca/Global/Splash.aspx, and t he University of Waikato
freshwater NorMar ket Val ue Studi eso
(https://www.waikatoregion.govt.nz/assets/PageFiles/30275/2997672Review_of Freshwater Non

Market Value_ Studies.pydf
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Figure8: Baskaran WTP approximation functions

We calculate the total WTP for water quality changes at the TA level, based on the water
guality outputs of NZFARMTOo estimate thevater qualitybenefits across a 50 year
timeframe, wealsoneed an estimate obpulation growth for each TAzor this, we base our
population growth estimates on the most recent Ceigine 18 contains the NZFARM

results for predicted reductiam nitrogen(N) leaching. The first three columns show the total
N leachingbased on current land use and the two afforestation scenBn@sext two

columns convert the change from baseline to each scenario into a pdomeever, his

percent assumeébat all new afforestation areas have been affore$tedstimate thannual
change, the total changgesplit intotime increments, which depend upon the tiangee
speciegakes to reach maturitfzor this analysis, eassume it takes 30 years for exfiest

to reach full maturity, and 50 years famindigenoudorestto reach full maturitfCarver and
Kerr, 2017) Based on those assumptions, the exotic areas see reductions in nitrogen leaching
for the first 30 yees, and none thereafter, which is why the Scenario E annual reductions in
the last two columns are larger than the Scenario | redudtitesy are spread over a shorter
time period®

35t is also likely that there is a pulse of nutrients during and shortly after harvesting, followed by some
additional reductions. Moddtlg that change is outside of the scope of this work, so for simplicity we assume
that it is zero leaching after the first harvesting
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Tablel8 Predicted changes in nutrients

N Leaching (kg) Estimated % Changg  Annual % Change
Territorial Authority Current  Scen. E  Scen. | Scen. E Scen. | Scen. E Scen. |
Central Hawke's B¢ 5,251 789 473 0.850 0.910 0.028 0.018
Horowhenua 5,929 1,390 834 0.766 0.859 0.026 0.017
Manawat I 69,776 12,479 7,488 0.821 0.893 0.027 0.018
Masterton 128 40 24 0.686 0.812 0.023 0.016
gﬁ';“ersm” Noth 6516 1507 904 0.769  0.861 | 0026  0.017
Tararua 370,242 62,701 37,621 0.831 0.898 0.028 0.018

We apply the benefits transfer function to the water quality changgcim TA®in each year

to calculate annual WTHhe WTP figuresvere therapplied at the household level, which is
the unit of analysis in the Baskaran et al. (2009) study. The 2013iCpaopulation growth
figures are used to extrapolate population out 50 years to calculate the full path of benefits
(Table19). Finally, the net present value of thenefits stream is calculated using two
alternate discount rates. The first discount,i@%, istherecommendedateby the NZ

Treasury. The second discount (&&, isa commorrate recommended the general

valuation literature to discount social &k benefits (US EPA 2014). The alternate discount
rate is used because the 8% figure is more representative of capital expenditures, and likely
does not represent social discounting of WTP (US EPA 2@&t4oth discount rates,

Scenario E has a higher WThan Scenario Table19).

Tablel2 Total WTP for water quality benefits ilMlaen a waichnient over 50 yedidZ$)

Scenario E 3% Sceario E 8% Scenario | 3% Scenario | 8%

Central Hawke's Bay District 1,413,481 799,167 1,335,079 611,987
Horowhenua District 1,916,060 1,076,445 1,864,398 841,829
Ma n a Wistrict] 3,061,206 1,697,848 3,032,572 1,327,608
Masterton District 2,364,891 1,320,119 2,391,795 1,063,530
Palmerston North City 7,716,217 4,348,821 7,454,413 3,391,467
Tararua District 1,749,103 1,001,482 1,614,293 762,041
Total WTP over 50 years 18,220,958 10,243,883 17,692,549 7,998,462

a: \alues are in 2017 New Zealand dollars

In terms of water quantity, the expected change in value is uncertain. On one hand, it may be
more expensive for farmers to irrigate their crapgen there is likely less water available for
irrigation. However, this may only be an issue at river low flow times. Without detailed
hydrological modelling, the availability of water and when water restrictions may occur are
difficult to predict. On tle other hand, recent literature indicates that citizens may have a
positive WTP for water going to forests instead of agriculture (Baskaran et al. ZD®).

value of the water quantity reductions is therefore uncertain.

36 This estimateises 2013 Census data for income (inflated to 2017 dollars).

389 Valuing the Benefits of Forests Ministry for Primary Industries



3.8 Carbon benefits

Using NZFARM, we esmate changes inet GHGs (avoided GHG emissions plus carbon
sequesteredyith eachafforestation scenari&cenario E has lower net GHG emissions than
Scenario I Table20).For i nstance, i n Cetmtearepproxinaaiely e 0 s
960tonnesCOze emittedunder the existing land usdowever, when Scenario E is fully
implemented and the trees are mature, that district is a carbon sink of ala@@dbbnes

Under Scenario I, the district is only @@0tonnes carbon sink

Table20 Change imet GHGintheMa n a wachnient

TA Exiding land  Scenario E Scenario | Scenario E Scenario Total
useemissions Sequestered Sequestered Total Change Change
(tomesCQe) (tomesCQe) (tomesCQe) (tonnes Cep (tonnes Ceep

Central Hawke's Bay Dist 960 14,857 1237 5,817 1,197
Horowhenua District 586 1-8,226 1417 8,811 1,002
Ma n a District] 11,614 169,122 13,744 80,735 15,357
Masterton District 16 1244 112 260 28
Palmerston North City 597 719,836 1452 10,433 1,049
Tararua District 62,945 392,951 118,810 455,895 81,755
TOTAL 76718 -485236 -23672 561951 100388

a: a positive number means carbon isdupiagtered.

The GHG figures presented ihable20represent the steady state level&6fG emissions.
To estimate the benefits over 50 years, we need to knoantlssions transition path rather
than the steady state levdis.the absence of forest modellirgforecast the time paths for
the afforestatioscenariogwhich are beyond the scope of this analysie usehe 2015
New Zealand Ministry for Primary IndtriesETS lookup table¥ to estimate the growth of
various tree species, includijnusradiataand indigenous specieBhe lookup tables
provide carbon sequestration ratesdiferent regions of New Zealand.

For aur calculationsve assume that thexaic forest (Scenario BE¥ a harvest in year 30,

while the indigenous foresBgenario ) keeps growing over the 5@ar time period. The

lookup tables allow us to control for the size of the harvest, as well as carbon remaining after
the harvest in stumpnd the soil, which diminishes over time. We incorporate both effects in
our estimates. The valuation assumes that crgditeratedre sold in the same year, and that
creditshave beepurchasedo cover anyharvestrelatedGHG emissions® Note thatan

estimate based solely on the ETS lookup taisldikely an underestimate, since it only values

37 https://www.mpi.govt.nz/documenvault/4762

38 Although common in the literature, these assumptions can affect the economic viability of these of these
options, depending on whether the carbon price is expected to increase or decrease.
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the carbon sequestered as a result of the new landThsereductions in emissions from the
previousagriculturalland use are not included in these caltiohs*°

Similar to the national case, we use the NZETS price at discount rates of 3% and 8%
SCC at 3%. A constant NZETS price isteong assumption, particularly if new sectors are
covered bythe NZETSin the future whiclkchangesmarket conditions. Aditionally, future

international

agreements, and

New Zeal andods

the market price. A recent report by the Parliamentary Commission for the Environment
projects that 2030 carbon prices could be as high a3 j$di5tome CQe, with a low estimate

of $20 per tone CQe.*° The US EPA SCC 3% is used to account for potentially higher

future carbon pricegxploring SCC values across time is somewhat more complicated than
the annual values presented in the nationalysis, since the social cost of &5 both

dollar year and emissions year dependent. We only use the 3% estimate here for comparison
to the NZETS 3% estimatelhere is a wide international literature recommending lower

values for social welfare, pagtilarly those related to environmental benefits (Pearce; 2003

Guo et al. 2008David et al. 2009). Given the PCE forecasts and the higher US EPA SCC
values, our estimates are likely conservative and may therefore be underesifrtizdsue

value of carbn for each of the afforestation scenarios

The moneted benefits of carbon sequestratiby TA, for Scenario Eare outlinedn Table
21 All estimates in the tabrepresent the net present value across 50.yPepending on
the price assumption, benefits range from approximately $105 million to almost $700 million

for theMa n a wcatthinent.

Table21 Carbon benefits for Scenario E over 50 years

NZETS 3% NZETS 8% SCC 3%
Central Hawke's Bay Distric 1,732,879 1,046,857 7,071,811
Horowhenua District 3,052,358 1,843,973 12,291,778
Ma n a Wistrict] 27,410,838 16,559,281 110,382,821
Masterton District 88,109 53,228 354,811
Palmerston North City 3,310,675 2,000,027 13,332,014
Tararua District 137,724,026 83,201,060 554,611,514
Total 173,318,885 104,704,425 698,044,750

Estimates are presentétDitv dollars (NZ)

The benefits for Scenario la anddte outlinedn (Table22) andproduceslightly lower
carbonmonetised benefithhanScenario EFor example, the NZETS 3% price is estimated to
generate $18 millionin carbon benefits in Scenario | as opposed to $173 million in Scenario
E. Although the average tree dengitand hence sequestered carbanf exotic forests is

more than indigenousfests, they are periodically harvested.

3% To more accurately model the impact of a particular policy, such as the PFSI, would require a more detailed
analysis. For instance, areas of forest over 100 ha would require a field measurement approach, which might

differ from the lookup tables.

40 hitp://www. pce.parliament.nz/media/1292/codial-report 19-07-10.pdf
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Table22 Carbon benefits for Scenarios la and Ib over 50 years

NZETS 3% NZETS 8% SCC 3%

Central Hawke's Bay Distrit 1,182,273 521,915 5,367,236
Horowhenua District 2,082,500 919,321 9,393,804
Ma n a Wistricti 18,701,300 8,255,702 84,358,394
Masterton District 60,113 26,537 271,159
Palmerston North City 2,258,739 997,122 10,188,790
Tararua District 93,963,502 41,480,252 423,853,425
Total 118,248,428 52,200,848 533,432,808

Estimates are presented in 2017 dollars (NZ)

3.9 Biodiversityrelated benefits

To estimate changes in biodiversity, we empl

measure was originally defines by Lee e(ak 0 0 )t haes fda | |

pot eatid i al of

and abiotic factors, and natural processes, functioning in sustainable communities, habitats,
and landscapes Ca r s w(2013).Indicatorsaof ecological integrity are now widely
employed, and the New Zealand Department of Conservation usegieabintegrity as

their primary biodiversity goal. Our measure of ecological integrity is based on catehment
scale natural regeneration of indigenous forests on agricultural lands, and has been used in
several recent papers (Mason et al. 2@&swellet al. 2015 Mason et al. 2016). The

measure is call

ed

the Arest

ored significance

environmental representation through natural regeneration. Larger restored significance
values indicate that there is a largetgmtial increase in biodiversifsgom converting a
particular plot of land to indigenous forest. The units of this indicator are parts per billion
(ppb), where one billion represents the ideal ecological utopia of natural (prehumen)

conditions (Carswellteal. 2015).

The distribution

of

restored

significance (h

Ma n a wcatthinents shown inFigure9. The darkerthe blueindicates a higher SRS score,
indicating that more biodiversity could be gained frallowing those areas to revert to
indigenoudorest. Similarlythelighter blueareas indicate there is less to gain fralfowing
an area to revert to indigenous for@3te two large lighter areas in the nemeareas that are
already heavily forested and surrounded by other forested land, and hence have little to

Againo by being

ficonverted.

0
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SRS

0.000000 - 131.938004

131.938005 - 279.778015
- 279778016 - 402.345001
- 402345002 - 480.705994
- 480705995 - 526.322998
- 526322999 - 606.619995
- 606.619996 - 894.000000

Figure9: SRS in the Manawiat

To gauge the potetial biodiversity benefits fronndigenousafforestation, we overlay the

new afforestatiomreas with the SRS ecological integrity ddtable23 contains several
descriptive statistics on the new afforestation afadle23 applies specificallyo indigenous
afforestation, and hence represents the potential ecological benefits for Scenario I. Note that
the SRS score is based on several detailed local criteria and assessed at the hectare scale. That
detailed focus helps explain the average SR&sdor the areas previously classified as

native and forest, which at first glance seem codinteiitive. Average SRS fandigenous

forest areas, for example, is higher than st&d&ref areas. As suggestedmigure9, most

of thenew afforestatiomreas are on marginal lands that could see significant benefit from
conversion tandigenoudorest. These estimates also represent the maximum potential
biodiversity one the area has been fully restor€dese SRS calculations requiveo
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important caveats. First, althoughr SRS estimates abased on very spatially explicit
underlying data, the actual realized biodiversity may differ from the predicted estimate. We
therefore presentultiple descriptive statistid® better gauge the distribution of potential
benefits. In addition, th8RS estimatesepresent the full benefits once the plot of land is

fully regenerated. According to the underlying studiesderivatioo of SRSis based on,
regeneration is likely to tak&0i 50 years Therefore, the SRS @&pproximaing the

biodiversity potential athe end of thttime period.

Table23 SRS in afforestation areas by existing land use, for Sdenario

25h Percentile

Enterprise Class Minimum SRS SRS Mean SRS Max SRS Std Dev. SRS
Scrub 0.0 426.901 455.3 647.9 99.8
Deer 114.9 398.513 455.7 633.7 113.3
Native 0.0 436.056 465.0 715.0 122.3
SNB 0.0 451.316 468.8 740.6 104.2
Other 0.0 473.2595 485.1 750.8 106.1
Forest 0.0 479.3905 497.3 655.0 88.2
Dairy 0.0 483.875 497.6 655.0 99.3
Other pasture 0.0 485.231 506.7 655.0 69.8

The estimates foFable23 use an SRS value that was developednidigenous afforestation
Biodiversity forScenario E willdiffer from Scenario Hue to differences in forest type.
Scenario Bwill havemuch less plat diversity, which will support less diversity of other
species. Another fundamental difference in exotic forestry is the periodic harwebeng
land will be harvested shortly after reaching peak potential biodiversity potétaraesting
is likely to damage biodiversitgignificantly. We, thereforeupdate the SRS estimdte
exotic forestbased on several studies that compare biodiversity under native and exotic
forests, including Pawson et al. (2008) and Deonchat et al. X2DB® updated SRS values
for Scenario Eare outlinedn Table24.

Table24 SRS in Afforestation areas by existing land use, for Scenario E

25h Percentile

Enterprise Class Minimum SRS SRS Mean SRS Max SRS Std Dev. SRS
Scrub 0.0 192.1055 204.9 291.6 44.9
Deer 51.7 179.3309 205.1 285.1 51.0
Native 0.0 196.2252 209.3 321.8 55.0
SNB 0.0 203.0922 211.0 333.3 46.9
Other 0.0 214.2 218.3 337.9 47.7
Forest 0.0 212.9668 223.8 294.8 39.7
Dairy 0.0 215.7257 223.9 294.8 44.7
Other pasture 0.0 217.7437 228.0 294.8 31.4

Assuming thathe eotic foress will be havesedroughly twice in a 50 year period, the level
of biodiversity presented ihable24 are only likely to be achieved twice in this period.
Therefore, theaverage annual biodiversity benefits will therefore be much lower.
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4 Summary abenefits ad costs in theMa n a Watchment

When assessing the benefits and costs of the three afforestation scenarioMfarrihe wa t |
catchment it is important to consider those that can be monetised, those that can be quantified
and those that can only be qualitatively described.

The previous sections outline a number of impacts related to the afforestation scenarios that
can be quaified and/or monetised impacts. While it is possible to quantify and/or monetise
other impacts, the budgetary and time constraints for this project mean that no additional
primary data or ecosystem modelling could be undertaken. In terms of benefitstatheo
benefits are often more challenging to quantify. For instance, aesthetic values are difficult to
guantify, and aesthetic preferences can vary significantly across the population and across
time. To estimate those benefioperly, a stated prefence survey would be ide@reeman
2003) Similarly, more advanced ecosystem modelling would be needed to quantify the
indirect impacts of changes in biodiversity.

In the absence of additionddta collection and ecosystem modeliving use an ecosystem
savices frameworko describe the broader range of impacts and the subsequent benefits and
costs of the afforestation scenaridable25 presents a summary of ecogystservice

impacts, including effects that can be quantified or monetised as well as a short narrative on
the potential impacts. The narratives in the table, in particular for those ecosystem service
impacts that are qualitatively describadenot compréensive. The table dodsowever

draw on expectedcosystem serviaelationships and insights gained from other situations
which are likely transferable to this context.
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Table25 Summary of ecosystem seniiltpacts

Category Ecosystem Service  Effect of Afforestation Quantified Monetizec Methods/ Notes

Scenario
Provisioning Crops Reducegbroduction X
Livestockmilk Reducegbroduction X
Livestock: eat Reducegbroduction X
Capturdagheries Likelymprovement
Freshwater Improvement in
quality/decrease in
quantity
Wildfoods Likelyricrease
Timber & wood Increase in Scenario E X
Fibres & resins Potential Increase
Biomastuel Potential increase
Ornamentatsources Potential increase
Biochemical, natural Potential increase
medicines and
pharmaceuticals
Regulating  Air quality and climate Improvement X

regulation

>

NZFARM was used to examine agricultural impacts

NZFARM was use@tamine agricultural impacts
NZFARM was used to examine agricultural impacts

Fsh habitas expected to improve as water quality improves and with additio
shading expected with the afforestation scenarios. Decreased stream flows
with afforestation, however, may have some negative impacts on fish habiti
fish haiat is likely to enhanommercial fishery harff@dreshwater species suct
eel or recreational trout ca@wkestimate thal effectaouldequirdydrological and
fish modishgwhich ieyond the scope of this préiegtimpacts on theacfishery
are unknown.

Water quality is expected to imprewe decreases in nutrient inputs and other
of farm runoff associated with pastyraridhdreby improving drinking and stoc
water quality. In addition, freshwater contact recreation should be improved
human health impacts. Water yield, however, is expected to decrease with |
of forested lanthis may affect irrigaitiothe area. Hydrological modelling is reg
to determine the spatial and temporal impacts on water flows.

Wildfood harvests should increase, particularly in indigenous afforestation s
(Scenario I). Trout and eel habitat should improve with better water quality |
greater fish abundance and catch. Honey will increase particularly in Scena

NZFARM was used to examine fargsaots
Afforestation may yield products in adtitiberto
Forestry lyroductsould be used fdomass fuel

With indigenofares{Scenario |) vexpect greater availability of ornamental res
such as flax

Highgrade rthuka honey, among other protiastseveral medical applications.
MChuka is anof the first successional species that is anticipated after revers
pastoral farming to indigenous veg®ationg o U i s al so | i k

NZFARM outputs and Eigferials are used to quantify and value changes in
particulahe carbon sequestration potential of forests. Forests also improve
terms of reduced particulates. Pine pollen, however, could be an issue in sc
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Category Ecosystem Service  Effect of Afforestation Quantified Monetizec Methods/ Notes

Scenario
Wateregulation Mixed
Erosion control Improvement
Water quality or Improvement
purification
Pollination Potential improvemen

Natural hazard regula Improvement

Cultural Recreation and May increase
Ecotourism

Ethical and spiritual Expected improvemer

Aesthetic values Expected improvemer

Cultural heritage valu¢ Expected improvemer

The afforestation scenarios will likely decrease water yield in the area as ru
erosiomprone and pastoral areas is redditethatively, improvements in water ¢
will reduce water treatment costs for drinking andesgaienlt

Afforestation will improve erosion control.

NZFARM nutrient outputsusetbra benefit transfer of stated preference WTP
to monetise the value of improved water quality

Weexpect an increase in native polliwétomsdigenous forest (Scenario |); the
howevemwill depend on the availability of floral restheoess also an increase i
honey productifrom honey beesider Scenario | that will likely have addition:
indirect pollination benefits

A reduction in water yield should stduogvatémpacts, such siseam scouring
and potentially reduce peak flooding flows

Increased afforestation may iggeatetocal recreation, particuladyeiasvith
greatepublic accessity. Thigould be hiking, biking or similar recreation.
Improvements in water quality should ithgsaxaability of streams and also i
the recreational experience and the health of the recreational fishery (e.i. 1
some evidenceaafsthetipreferencdsrindigenouspecies over exotic species
(Brown et al. 20M@hich may mean greater recreation and ecotourism servici
provided by indigenous forest (Scenatrio |).

With indigenous for&tenario there is an expected increase in the spiritual vi
associated with the landscape, especially when native species increase (€.
species)

Views will be changed, particularly when afforested areas are elevated. The
changing viewscapepends on the local population and the particular scenal
farmer workshop on ecosystem servicdd a tha im 2015, the farming comity
noted theanportance of thesthetic value of their catchment and how these att
international visitors.

Indigenous afforestation scer{@desario ay promote the return of indigenou
spedes with particular cultural values. Water quality improvements in culture
waterbodies should provide additional benefits
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Category Ecosystem Service

Effect of Afforestation Quantified Monetizec Methods/ Notes

Scenario

Social relations

Sense of place

Cultural diversity

Supporting Habitat Provision

Mixed

Mixed

Unclear

Increase

There is likely to be a change in the rural population with afforestation. With
labour required there is likely to be an initial @feecte in the catchment.
However, over time different people are expected to move into thi diferdomi
employment preferences. Anecdotally, this is what happene@oattienTentp
when a portion of the land was affdeastied) to an initial decrease in social
relations/cohesion followed by an increase when new people movedrietd th
(Mike Barton, Farmer Laked Mgrch 2016).

The 6l ookd of the catchment wildl
the marginal areas. Thergfweesense of place may be al@nddootentially
reduced)especially for those who grew up surrounded by pastoral land. Hov
generations may feel a greater sense of place with a reversion to forest.

The expected initial reduction in the putatipao is likely to decrease cultural di\
However, as noted above this Wilthigage over time as new paoplexpected tc
move into the catchment.

The habitat for native species is expentaddse, particularly in the indigenous
scenari¢Scenario la and. Ib)
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A summary of thenonetized benefits and costs for Ma n a wcat¢hinenfor thethree
afforestation scenaricge providedn Table26. All figures are in 2017 dollars, and use a
discount rate of 8% There are a variety of issues (not presented here) involving the
magnitude of the discount réte.

Scenario | has the highediscounted net present value of the opportunity abst

approximately $317 million, whereas Scenario E has the lowest opportunity cost at $43
million. Each of the scenarios facesme loss of EBITH#43 million) associated with the
existingland usebefore afforestatiorilhe opportunity cost foBcenarios la and Jihowever,

also includsthe additionatonvertedvalue of land as welllhis value reflects the policy
context we used for this analysis whiokolved the government purchasing the lamahf

the current owner. Other policy context, e.g. using covenant, may not include the converted
value of land as part of the opportunity cost.

In terms ofdiscounted benefits, Scenakoyields the largest monetized benefits, at
approximately $400 millionwhich includes increasemofit from exotic forestry, water

guality benefits, and carbenelated benefitsScenarios la and lihave lower carbon and water
quality benefits, as well as productioglated revenuenhich iszero for Scenario la)hese
differences in benefits between scenarios are important, as they each come with their own
caveats. Future policy, climate change, and farmer preferences can significantly affect the
benefits realised bgach scenario in different ways.

The overall NPVand thebenefitcost ratioshow all scenarios as having a positive benefit
cost ratio However,Scenario la haa negative NPV of $190 millignvhile Scenario& and

Ib have a positive NPVThe negative NPV for Scenario la is largely driven by the
opportunity cosbf the converted value of land. As noted ahdkis portion of the

opportunity cost is related to the policy context we used in this analysis. Therefore, these
results should be viewed as the uppeund of estimates.

In a different policy context thatogésnot involve land salgghe opportunity costs are lower
and only reflect on the loss of EBIT from the existing land uses. Where only lost EBIT is
included in the opportunity cqgioth the NPV and benefitost ratio increase for Scenarios la
and I but areunchanged for Scenario E. Overall, Scenario E has the highest NPV and
benefitcost ratio.

Although Scenario E has the highesimatisedhet benefits, there are many other benefits
that were not monetised. For instance, biodiversity benefits wene toube considerably
higher for indigenous forest, although they were not assigned dollar values. Cultural,
recreation, aesthetic, and human health impacts were also not monetised or quahéfied.
preferable afforestation scenario therefore dependseopreferences and constraints of the
policy makersQOverall, we find that both exotic and indigenous permanent forest have the

41 The traditional default discount rate recommended recommended by Treasury was 8%:
http://www.treasury.govt.nz/publications/guidance/planning/costbenefitanalysis/discountrates/dis@sint
jul08.pdf. Note, however, thatcent (2016) guidance has suggested alternate discount rates
http://www.treasury.govt.nz/publications/guidance/planning/costbenefitasialygientdiscountrates full
comparison of these rates is outside the scope of this analysis. By using 3 and 8 percent in most sections, we
should capture a wide range of sensitivity.

2For instance, higher discount rates may penali ze
front costs.
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potential to produce significant benefits. With flexible policy that provides balanced

incentives to producers, both types afefst can achieve multiple regional and national goals.

Table26 Monetized benefits and costs across 50 years (8% discount rate)

Scenario E Scenario la Scenario Ib

Opportunity Costs

Lost EBIT 42,851,048 42,851,048 42,851,048

Convertedlue ofand 276,750,447 109,879,029
Total opportunityast 42,851,048 316,660,879 152,730,078
Increases in EBIT

Forestry 279,493,023

Honey 75,249,196
Ecological Benefits

Wateguality 10,243,883 7,998,462 7,998,462
Carbon Benefits

Carborvaluation

(Current NZ ET6ce) 104,704,425 118,248,428 118,248,428
Total monetized benefits 394,441,331 126,246,890 201,496,086
Overall NPV 351,590,283 -190,413,989 48,766,008
Benefitcost ratio 9.2 0.40 1.3
Sensitivity Analysis
Overall NP¥Lost EBIT only 351,590,283 83,395,842 158,645,038
Benefitcost ratio—Lost EBIT only 9.2 3.0 3.7
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4.1 Assumptionganduncertainties

Although we have attempted to be comprehensive within the time and lmachgétaints of
the project, this analysis does not include all benefits and costs associated with the
afforestation scenarios. It is important to acknowledge these limitations, as well as some
uncertainties with the analysis.

Issue Impact on estimate  Notes

The choice of discount rate can affect constant value
time (i.e., a constant
values. Future analysis might ettpgseedifferences in
additional sensitivity analysis.

Underestimate benefi
and costs, at different
rates

Discount rates used are
relativeligh

Underestimate the tot
potential land for
afforestation

Use most conservative
afforestation scenario frc
Watt et al. (2011)

Assume value of land ar
lost EBIT are additive

The area of land afforested could be higher, dependi
Watt et a{2011) scenario chosen or incentivised.

Overestimate
opportunity costs

Underestimate benefi

This addition may be double counting some opportur
SO represents an upper bound.

Not all impacts on
ecosystem serviges
costs) are quantified or

It was only possible to quantify orsaa@ngdirtion of the
changes in ecosystem serindss analysis. A qualitati
description was provided of likely relationships and ir

monetised

Carbowalued using NZ
ETS

Underestimate of full
welfare impacts of
carbon

We use a fairly conservative value for a tonne of cart
based on current rates. Several sources in the literat
indicate that the actual wdifased value is larger, and
other soursdndicate that the ETS pricénoegase
significantly in the coming years.

Several of the models are based on current and histc
information, whiceymot reflefiiture climate change. Fi
instance, predicsaf tree growth from the ETS lookup
tables might be affected by different climate change :

For our analysis of water quality, we assume a const
population growth rate based on curreribpsyjastwell

as current income levels. Since the WTP depends or
population and income, and those variables may cha
across time, it can affect the estimated value of wate

Climate change Uncertain

assumptions

Population and income Uncertain

growth assumptions

Limitations

Several important limitations with current data and modelse encountered in the course of
this analysis. These limitationikistrate where additional analysis could be undertaken in the
future These include:

1 Better forecasts of carbon prices and values across time.

1 The incorporation of the benefits and costs of erosion were not feasible within time and
budget constraints. Some issues encountered were due to differences in land use and land
cover databases within New Zealand. Many erosion databases are based ¢taodrren
cover, whereas this report is focused on land use. These issues were further complicated
by erosion projections for hill country areas. Spatially explicit predictions and modeling
in those areas were limited.

1 The literature on the value of wateradjty improvements in New Zealand is somewhat
thin. Our benefit function transfer was done on only one study. Although international
sources might be used in the future, there are concerns with the transferability of benefits

509 Valuing the Benefits of Forests Ministry for Primary Industries



estimates to New Zealand. Theare also only limited sourcés thecultural values
around water quality.

1 Only a small subset of ecosystem services was able to be monetised with the data, time
and resources available for this report. Additional analysis related to those ecosystem
services would be beneficial. This may involve the collection of primary data as well as
ecosystem modelling.
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