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ABSTRACT 

The University of Canterbury (UC) has a strategic objective of being net carbon neutral by 2030. This 

case study has analysed the ability to meet this using forestry on UC’s high country properties and the 

framework of the NZ ETS to offset an estimated 6,525 tonnes CO2e annually from 2030.  

Variations of three scenarios which facilitate carbon neutrality were investigated. The potential 

contribution from Mt Barker, UC’s only existing forest, was analysed under the assumption it was 1) 

retained and 2) cleared and replanted. In both cases complementary afforestation on UC Pastoral 

Lease properties was needed. A third scenario of new afforestation on UC pastoral land was also 

evaluated.  

The results show that UC can achieve carbon neutrality. This can be facilitated at least cost using the 

forest at Mt Barker if the Corsican pine forest is retained and the additional eligible area entered into 

the ETS. However, for UC to maintain its status as net carbon neutral using forestry offsets, additional 

planting will be required. There are numerous programmes that UC could consider implementing to 

achieve this. If action is taken urgently, the estimated offset requirement of 6,525 tonnes annually can 

be met from 2030. 
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1.  INTRODUCTION 

The University of Canterbury (UC) has a strategic objective of being net carbon neutral by 2030. After 

implementing strategies to reduce gross greenhouse gas emissions, UC Facilities Management has 

forecast future emissions as approximately 6,500 tonnes CO2e/year from 2030 onwards (including 

boiler, air travel and on campus ‘other’). The University of Canterbury wishes to investigate the option 

to use forests on its own properties to sequester carbon and offset these emissions. Preliminary 

investigation of the carbon sequestration options for UC has been carried out by UC staff and 

contracted external parties. This dissertation aims to build on this by analysing scenarios which utilise 

forestry offsets to achieve carbon neutrality.  

UC owns a land resource of approximately 40,000 ha in the Canterbury high country which can be 

considered for this purpose. The area can be divided into three distinct units for the purpose of this 

research. 

1. Mt Barker. An existing area of forested land of approximately 400 ha that was previously 

removed from a University of Canterbury pastoral lease at the request of the lessee. The 

forest has arisen through wilding tree spread, initially from a shelterbelt planted near Lake 

Coleridge. These trees have spread over the Mt Barker property and are currently 

managed in a joint venture. The forest is managed for timber production, and an area of 

98 ha has been entered into the ETS. This is the only UC property that has existing forest 

which is eligible to enter the ETS. 

2. Pastoral lease land. UC’s Pastoral Lease estate totals approx. 38,000 ha and is split across 

six properties in two main locations, the Rakaia Valley near Lake Coleridge and the 

Craigieburn Basin between Cass and Castle Hill. Planting on this land would be carried out 

under conditions outlined in the pastoral leases. 

3. Cass Mountain Research Area. This is a 1,700 ha property in the Craigieburn Basin which 

has also been removed from a pastoral lease. It is managed for research and teaching, and 

it is assumed that only indigenous species could be established on this area. Analysis of 

carbon sequestration options at Cass is not included in this study. 

1.1 Objective 

To investigate and analyse the options available to UC to use its own properties to grow trees, 

sequester carbon and offset a pre-determined level of carbon emissions. 
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1.2 Research Questions 

1. How can UC’s existing forests contribute to offsetting their carbon emissions, to meet the 

goal of being carbon neutral by 2030?  

2. What potential afforestation scenarios can be implemented to develop carbon offset 

forests on UC properties, to meet the goal of being carbon neutral by 2030? 

 

2.  LITERATURE REVIEW 

2.1 University of Canterbury Strategic Vision 

In 2018, UC made a commitment to not only continue to improve its sustainability, but also to become 

net carbon neutral (University of Canterbury, 2019). The UC Strategic Vision 2020 to 2030 includes key 

objectives concerning environmental sustainability, the first of which is to “establish a carbon 

neutrality initiative to ensure that UC will be carbon net neutral by 2030” (University of Canterbury, 

2019). As part of this, the priority is to reduce gross emissions. This will occur through replacing coal 

with woody biomass as the primary energy source for heating at UC  and, in the longer term, upgrading 

building assets to enable the use of ground source heat pumps (which are carbon neutral) where 

possible (University of Canterbury, 2020). Carbon sequestration from new forests may be used both 

to accelerate reductions in emissions, and to offset a lower level of carbon emissions which are unable 

to be removed at this stage. This is promoted in the UC Strategic Vision: 

“Building on the expertise of Aotearoa New Zealand’s only Forestry School, UC will develop its 

own sequestration programme. The programme will offer opportunities for forestry and business 

students to learn and to leverage a commercial forest for research” (University of Canterbury, 

2019). 

2.2 Climate Change and Greenhouse Gas Emissions  

In 2007 the Intergovernmental Panel on Climate Change concluded that increases in anthropogenic 

greenhouse gas (GHG) concentrations were largely responsible for the rise in average global 

temperatures since the mid-20th century (IPCC, 2007). Pressure to mitigate the effects of climate 

change, described as the defining human development issue of our generation, has focused 

international attention on the need to reduce global greenhouse gas emissions (IPCC, 2021; Watkins, 

2007). This has led to the development of carbon cap and trade systems whereby emission units are 

traded between emitting and sequestering parties, under legislative framework provided by the 

United Nations Framework Convention on Climate Change (UNFCCC). 
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2.2.1 Compliance Carbon Market 

As part of its climate change response, New Zealand signed the Kyoto Protocol and passed the Climate 

Response Act in 2002. The NZ Emissions Trading Scheme (ETS) was then launched in 2008. The Kyoto 

Protocol mandates NZ to reduce net greenhouse gas emissions while the Climate Response Act and 

ETS provide a legal framework to meet these obligations ("Climate Change Response Act," 2002). The 

NZ Government has since passed the Climate Change Response Amendment Bill (Zero Carbon Bill), 

setting a national target to reduce net emissions to zero by 2050 (MfE, 2021). 

The NZ ETS is the NZ Government’s main tool for reducing greenhouse gas emissions. By imposing a 

cost on greenhouse gas emissions, it provides emitters with incentives to decrease emissions, and 

others with incentives to sequester carbon. The primary unit of trade is the New Zealand Unit (NZU) 

which represents one tonne of carbon dioxide equivalent released (emissions) or removed (removals) 

from the atmosphere ("Climate Change Response Act," 2002). NZUs must be surrendered for emissions 

made by the forestry, stationary energy, industrial processes, liquid fossil fuels and waste industries 

(MfE, 2019a).  

2.2.2 Voluntary Carbon Market 

A voluntary market for carbon has developed. This has occurred as many organisations have become 

increasingly interested in offsetting their operating emissions to achieve carbon neutrality or meet 

self-imposed targets (MfE, 2019a). This is beyond what is legally required by the government. The 

market is driven by participant supply and demand and is guided by market standards rather than laws 

or regulations (Leining & White, 2021). The uptake of voluntary carbon offsetting highlights increased 

focus on social responsibility, sustainability, and environmental practice. In 2020 the NZ Government 

announced a Carbon Neutral Government Programme (CNGP) which aims to make a variety of 

government organisations carbon neutral by 2050 and show leadership in this field (MBIE, 2021). 

To become carbon neutral, an organisation must measure and reduce its gross operating emissions, 

and then offset the remainder. The Ministry for the Environment provides guidance on voluntary 

offsetting (MfE, 2019a). Voluntary offsetting is not directly regulated by the NZ Government and as 

such carbon neutrality can be achieved using both international and domestic emissions reductions or 

removals through a range of public registries. Importantly, for a carbon offset to be considered 

credible, it must be transparent, real/measurable/verified, additional, not double counted, address 

leakage and permanent (MfE, 2019a). See Appendix A for definitions. Any claim must also hold up 

under the Fair Trading Act 1986.  

Planting new forests and entering them in the NZ ETS is one method of implementing voluntary 

offsetting. Credits must be valid within the NZ ETS and the cancellation process which facilitates an 
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offset must follow a Kyoto cancellation workflow process to avoid double counting. According to MfE 

(2019) this is a two-step process whereby a privately held NZU is permanently removed from 

circulation and a Crown-held emissions unit that can be used to meet NZ’s international emissions 

reductions targets is also cancelled. Emission-intensive trade allocation, pre-1990 forestry allocation 

and fishing allocation credits are not valid for offsetting as they were distributed freely by the 

government and therefore do not represent emission reduction or removal activities (MfE, 2019).  

Other schemes for voluntary offseting exist nationally and internationally whereby carbon credits are 

generated through independently certified projects, accumulated in registries, and then sold through 

brokers to anyone who wants to buy them (Future Fit NZ, 2021). The main benefits of voluntary 

markets are that credits can be sourced cheaply, and sectors excluded from the compliance market 

can be included (Weaver, 2011). Within NZ, a range of organisations exist to facilitate voluntary carbon 

offsetting. Toitu is a leading provider. They source credits from a combination of projects which store 

carbon (forestry), avoid emissions (projects which use renewable energy instead of fossil-fuels) and 

reduce emissions (technological advancements) (Toitu, 2021). Many providers offer a service which 

includes measuring an organisation’s carbon footprint, facilitating their offsetting and then certifying 

the result. 

The voluntary market is also subject to criticism. Core issues surround ensuring that offset projects and 

credits are verifiable and credible, a lack of consistency in standards, and variance in offset project 

quality (Dhanda & Hartman, 2011). Another consideration is that many offset systems may discourage 

personal accountability and disincentivise change as organisations can effectively buy themselves out 

of the responsibility to reduce emissions, allowing another party to cover it on their behalf (Dhana & 

Hartman, 2011). The Climate Change Commission noted that the existence of the voluntary carbon 

market is fundamentally positive but recommended that the NZ Government explore options around 

voluntary mitigation and clarify the types of claims that can be made in NZ (Climate Change 

Commission, 2021b). 

2.2.3 Forestry and the ETS 

Forestry and achieving climate goals go hand in hand (Climate Change Commission, 2021b; Payn, 2021; 

Rhodes, 2021). This is reflected by government initiatives such as the One Billion Trees Program and 

the NZ ETS which both encourage tree planting for carbon sequestration. Recently the Climate Change 

Commission has further highlighted the importance of forestry for this purpose, recommending that 

380,000 hectares of new exotic forestry needs to be established by 2035 in order to meet NZ climate 

goals (Climate Change Commission, 2021a). This is despite insisting that reducing gross greenhouse 

gas emissions must be prioritised over reliance on forestry. Rhodes (2021) describes this as being “yet 

another reminder that no matter how much you play around with the variables of the emissions 
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reduction equation, it cannot be solved without the forestry and wood products industries playing a 

key role.”   

Forestry is an important component of the ETS as forests are both a source and sink of carbon. To date 

carbon sequestration has been determined using the stock-change carbon accounting method 

whereby NZUs are earned while a forest grows as carbon is sequestered from the atmosphere through 

photosynthesis. NZUs are then owed for any decrease in forest carbon stock. This means there is a 

significant carbon liability associated with harvest as it is assumed all carbon is emitted at harvest (less 

residuals) (Office of the Auditor-General, 2011). The introduction of averaging accounting removes this 

liability. Under this scenario, carbon credits are earned based on the growth increment until the long-

term average carbon stock is reached (MPI, 2020). Averaging carbon accounting is currently being 

phased in. From 1 Jan 2023 carbon sequestration in all new forests, except permanent forests, will be 

measured using averaging carbon accounting (MPI, 2020).  

Credits are only earnt for carbon sequestered on land that was not in forest as of 31st December 1989 

and when planting meets the definition of a forest ("Kyoto Protocol to the UNFCCC," 1998). Carbon in 

above-ground live biomass, below-ground live biomass, coarse woody debris and fine litter is included 

("Climate Change Response Act," 2002). Forest carbon stocks are determined using species and region 

specific carbon lookup tables for owners with under 100 ha of forest and through field measurements 

for forests larger than 100 ha (MPI, 2017) . 

Extensive research has found that the addition of carbon trading cashflows under the ETS improves 

the profitability of undertaking plantation forestry (Manley & Maclaren, 2012). Species and regimes 

with high carbon stocks are favoured as this maximises the volume of carbon credits sequestered 

(Manley & Maclaren, 2012). Important tending decisions which influence the carbon stock of a forest 

include stocking rate, pruning and thinning (Manley, 2018). Species choice is also important with fast 

growing exotics, particularly radiata pine managed for timber and carbon, most popular. The use of 

natives for carbon sequestration is limited by high establishment cost and slow growth (and therefore 

slow carbon credit accrual).  

2.3 High Country Environment 

The UC Pastoral Lease properties and Mt Barker JV are located in the Canterbury High Country. The 

eastern South Island High Country comprises an area of approximately 3.5 million ha stretching along 

the main divide between Marlborough and Southland with a lower altitudinal limit of approximately 

450 metres in places (Ledgard & Belton, 1985). This is an extensive pastoral landscape characterised 

primarily by modified short tussock grasslands and scrubland, with areas of remnant beech forest, 

improved pasture and exotic forestry also present (Ledgard & Belton, 1985; Swaffield & Hughey, 2001). 
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This landscape results from centuries of anthropogenic modification, most importantly through fire 

which was used extensively as a land clearance and/or management tool with both Polynesian and 

European Settlement (Burrows, 1977). Prior to the arrival of humans, the Canterbury High Country 

below timberline (approximately 1,400 metres) was mainly forest (Ledgard & Baker, 1988). Today, 

much of the High Country is either public land managed by the Department of Conservation (DOC) and 

therefore preserved for recreational use and natural value, or pastoral leasehold land managed for 

agricultural production (Swaffield & Hughey, 2001). 

The high-country climate is characterised as having abundant precipitation with little seasonality, 

prevailing north-west winds, high levels of solar radiation and winter snow (NIWA, 2016). There is a 

steep rainfall gradient (approx. 2,000mm to 500mm) decreasing eastwards from the main divide 

(Ledgard & Belton, 1985; NIWA, 2016).  

2.3.1 High Country Forestry  

Traditionally, trees in the high country have been grown for non-commercial reasons such as erosion 

control, shelter and landscaping. In 1985, Ledgard and Belton estimated that exotic trees covered only 

0.1% of the 1.8 million ha Canterbury high country. Increasing forestry as a land use in the high country 

was topical in the 1980s and 1990s. At this time forestry was promoted as important for sustainability 

and diversification in the area (Ledgard & Belton, 1985; O'Connor, 1994; Parlimentary Commissioner 

for the Environment, 1991). This was supported by declining returns from agriculture and increasing 

focus on improving nutrient and soil retention (Burrows, 1977). Ledgard and Belton (1985) found that 

the growth potential of many exotic species in the high country was good, with radiata pine achieving 

a MAI of up to 29.6m3/ha/yr. Within Canterbury between 200,000 and 400,000 ha was calculated as 

being suited to undertaking forestry when considering topography, climate, soil and land use (Ledgard 

& Belton, 1985). It was considered that growth of the forest industry in the high country was almost 

inevitable (Floate et al., 1994).  

Climatic extremes including strong winds, unseasonal frosts and heavy snows have been found to limit 

growth and survival in the High Country (Ledgard, 1994). Good growth of more hardy tree species has 

been attributed to the mild daytime temperatures, cool nights and adequate moisture conditions 

which characterise much of the area (Ledgard, 1994). Ledgard and Belton (1985) found that rainfall is 

a major determinant of growth in the high country, with good growth occurring between 800 and 1200 

mm and best growth between 1200 and 1600 mm. Other site factors like slope, aspect and exposure 

were less important. Ledgard and Belton (1985) also discussed additional growth enabling factors such 

as a low incidence of pathogens, high levels of radiation and marked diurnal temperature fluctuations. 

It is notable that height growth was found to be slow relative to volume growth (Ledgard & Belton, 

1985). 
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Much of the research on high country forestry has been undertaken on coniferous species, favoured 

for their hardy and vigorous character (Ledgard, 1994). Pseudotsuga menziesii (Douglas-fir), Pinus 

muricata (muricata pine), Pinus nigra (Corsican pine), Pinus ponderosa (ponderosa pine), Pinus radiata 

(radiata pine) and Larix decidua (European larch) were all found to perform well (Ledgard, 1999). 

Douglas-fir and Corsican pine were identified as the focus for commercial forestry with Douglas-fir 

performing best on wetter, sloping, less frosty sites and Corsican suited to flatter, drier sites  (Ledgard, 

1994). However, subsequently many of these species have been identified as wilding conifers (DOC, 

2020). These are considered invasive pest species as they spread across the landscape through natural 

regeneration. Their establishment in high-risk environments such as the High Country is prohibited 

under the National Environmental Standards for Plantation Forestry (NES-PF, "Resource Management 

(National Environmental Standards for Plantation Forestry) Regulations," 2017). Since 2016 wilding 

control has occurred under a National Wilding Conifer Control Programme (MPI, 2014). New Zealand 

currently spends approximately $11 million annually on wilding control (NZ Wilding Conifer Group, 

n.d.). This includes management within the Canterbury high country and on University of Canterbury 

pastoral lease properties. 

A species’ wilding risk is calculated considering five factors – spread vigour, palatability to stock, 

topographic placement of the afforestation site, land use characteristics of seed receiving land and the 

present vegetation of seed receiving land (Paul, 2015). In order to be acceptable, any intended 

afforestation activities must have a score of less than 12 in the Wilding Calculator (see Appendix B). 

Wilding risk will have a material effect on species choice for carbon sequestration on UC pastoral lease 

properties. 

Ponderosa pine and radiata pine are much less prone to wilding spread. To date ponderosa pine has 

not been a favoured plantation species due to having slow growth (Dungey et al., 2013). Radiata pine 

is the main plantation species in NZ, preferred for its productivity, short rotation and good 

performance on average to poor sites (Maclaren, 2005). However, in the high country it is described 

as a poor choice due to slow growth in the cold environment (Dungey et al., 2011). Further, it is 

vulnerable to climatic damage from frost, drought and snowfall, particularly at altitudes over 500 

metres (Dungey et al., 2013; Ledgard, 1999; Ledgard & Belton, 1985). This means it is largely limited 

to northerly faces at lower altitudes (Ledgard, 1994). 

The combined effect of these factors has contributed to a lower uptake of forestry than what was 

anticipated by those promoting its use in the high country 30 – 40 years ago (N. Ledgard, personal 

communication).  

Research on non-coniferous species in the high country found that willows and poplars grew well in 

rocky gullies, silver birch (Betula pendula) and grey birch (Betula populifolia) grew reasonably, and that 
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native species were generally unsatisfactory with mountain beech showing the most promise (Ledgard 

& Baker, 1988). Of the eucalypt species trialled, Eucalyptus gunnii and Eucalyptus pauciflora were 

found to be suitable for the high country in terms of survival and growth (Ledgard, 1999; Ledgard & 

Baker, 1988). Generally, eucalyptus have been found to be limited by extreme cold and frost (Ledgard, 

1994). 

Initial studies on growth and survival of a hybrid species between Pinus radiata and Pinus attenuata in 

the high country have shown considerable promise (Dungey et al., 2013). Pinus attenuata is a species 

that is drought, snow and frost tolerant, and capable of growing on poorer soils (Dungey et al., 2011). 

Its hybridisation with radiata pine aims to realise this environmental tolerance while retaining the 

faster growth of radiata pine (Dungey et al., 2011). Trials have been undertaken in a range of high 

country locations between 600 metres and 1000 metres (see Appendix C). These have concluded the 

hybrid shows significant potential for planting in harsh inland South Island sites in terms of survival, 

growth and stem acceptability (Dungey et al., 2013). Currently, the hybrid is considered unlikely to be 

invasive. This is on the basis that its cones are serotinous (requiring fire to open them) and seeds are 

heavier than those of species which are known to be highly invasive making them unlikely to be blown 

as far (Dungey et al., 2013). As such, the hybrid is proposed as the best commercial option for areas 

limited by harsh climatic conditions and concerns over invasiveness (Dungey et al., 2013; Ledgard, 

2009). Some limitations exist. As this is a relatively new species that has not been grown through to 

rotation yet, stand level growth, wood properties and the true invasive potential of the species are 

largely unknown. Further, both Pinus attenuata and its hybrid are known to be susceptible to 

Dothistroma septosporum (Dungey et al., 2011). 

The importance of planning to maximise the benefit of trees and minimise undesirable impacts, 

especially in the high country, has been continually noted in the literature. This includes aspects like 

planting below an upper limit of 1000 metres to remain below the natural treeline, planting natives 

around exotics to reduce spread and provide a visual barrier and planting wetter rather than drier 

areas (Floate et al., 1994; Ledgard & Baker, 1988). Steep topography and difficult access are aspects 

that can be important limitations to rotational forestry over much of the high country (Floate et al., 

1994). 

It is also noted that the South Island High Country is a natural environment for woody species and 

vegetation is constantly trying to move in that direction (Ledgard, 2009). 

3.  METHODOLOGY 

This analysis required mapping UC’s high country properties. Resource modelling and economic 

analysis were then undertaken to investigate variations of three scenarios which could facilitate carbon 
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neutrality for UC. The potential contribution to carbon neutrality 2030 from Mt Barker, UC’s existing 

forest, was analysed first. This formed the basis for Scenario 1 under the assumption that the existing 

forest is retained and Scenario 2 under the assumption that the existing forest is cleared and replanted. 

Complementary afforestation on UC Pastoral Lease Properties to facilitate long term carbon neutrality 

was incorporated into these Scenarios. Scenario 3 analyses new afforestation on UC Pastoral Lease 

Properties only.  

3.1 Mapping 

A map of UC’s high country properties was generated in ArcGIS using a LINZ Data Service ‘NZ Property 

Title’ boundaries layer and information provided by Jenny Ladley (UC Field Services Manager). This 

includes Cass Mountain Research Station, the Acheron Bank Forestry Joint Venture (Mt Barker) and 

the six pastoral lease properties. 

Discussion with Jenny Ladley identified that Mt Barker is the only existing forest on UC land which is 

eligible to be entered into the NZ ETS.  

Mt Barker 

The boundary of the Mt Barker Joint Venture was hand drawn on the map attached to the Joint 

Venture document. An updated boundary was established with ArcGIS using 2021 Google Earth 

satellite imagery in combination with a 2016 Mt Barker Forest Valuation Report (Springford, 2016).  

The area of existing Pre-90 and Post-89 forest land at Mt Barker participating in the ETS was sourced 

from UC’s account in the NZ Emissions Trading Register (NZ 6893).  A map layer of these areas was 

provided by Owen Springford. 

Existing information on age, species and areas of the wilding Corsican pine at Mt Barker was sourced 

from the 2016 Mt Barker Forest Valuation Report (Springford, 2016). The area, age and location of 

later planted stands was sourced through correspondence with Nick Ledgard. Information from 

previous valuation reports undertaken in 2004 and 2011 also provided context to the more recent data 

(Springford, 2004, 2011). 

ArcGIS was used to view and georeference (where required) historic aerial imagery to further 

understand the forest distribution. This allowed for comparison to the existing forest map and enabled 

the existing forest age-class distribution to be updated. The following imagery was sourced from 

Retrolens (Local Government Geospatial Alliance, 2015) and the Canterbury Maps Historic Imagery 

Register (ECAN, 2015). 

• 1986 imagery sourced from Retrolens. 
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• 1992/1993 imagery from an unknown source provided by Owen Springford. 

• 1996 imagery sourced from Canterbury Maps Historic Image Registry. This was only available 

for half of the property. Canterbury Maps was contacted to find the missing imagery however 

this was unsuccessful. 

• 1998 imagery sourced from Canterbury Maps Historic Image Registry. 

• 1999 Landsat satellite imagery. 

• 2008 aerial imagery sourced from LINZ. 

• 2010 onwards satellite imagery sourced from Google Earth. 

Gaps that were visibly unstocked in 2021 Google Earth Imagery were mapped out and not included in 

the total stocked forest area reported. 

Area suitable for afforestation 

ArcGIS was used to identify land suitable for afforestation within the UC pastoral lease property estate.  

In this analysis, land suitable for afforestation must be below 800 metres in altitude, classified as Land 

Use Classification (LUC) 6 or 7 land, currently in low or high producing grassland and not within the 

Selwyn District Council Outstanding Landscape or Forestry Exclusion zone. The following steps were 

undertaken to create this dataset.  

• The Selwyn District Council provided map data of the Outstanding Landscape and Forestry 

Exclusion zones. These areas were removed from the map of UC Pastoral Lease Properties. 

• Area above an altitude of 800 metres was excluded. A digital elevation model was created in 

ArcGIS using the NZ Contours (Topo, 1:50k) map sourced from LINZ Data Service (LINZ, 2011).  

• The LUCAS Land Use Map was sourced from the Ministry for the Environment (MfE, 2019b). 

This was used to identify and include area within the UC Pastoral Lease Properties classified as 

‘grassland – high producing’ or ‘grassland – low producing’ using the 2016 LUCAS 

classifications. This meant that area classified in the LUCAS database as forested, wetland, 

grassland – with woody biomass and other, were excluded from this analysis.  

• The NZLRI Land Use Capability Map was sourced from the LRIS Portal (Landcare Research, 

2010). Land classified in the LUC as class 6 or class 7 land was considered suitable for 

afforestation.   

3.2 Resource modelling 

Microsoft Excel was used to model carbon sequestration over time for both the existing forest at Mt 

Barker and potential new land planting. NZUs can be claimed for the carbon increment in the forest 

on an annual basis. This required three key inputs: 
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• Carbon yield table – the lookup tables produced by MPI were used for this modelling (MPI, 

2017). These tables show the carbon stock of carbon on a per ha basis for each species 

between ages 0 and 50 years. The Other Exotic Softwoods lookup table produced by MPI was 

used to model carbon sequestration of the existing Corsican pine forest at Mt Barker. The 

Canterbury Radiata Pine Lookup Table was used to model carbon sequestration for any new 

planting (Appendix D).  

• Forest establishment year – this determines the age of a specific forest area when it would be 

entered into the ETS. 

• Area – this allows total carbon sequestration to be calculated for each forest area. 

The following scenarios were analysed to calculate total carbon sequestration for each. This was then 

compared with the University of Canterbury’s estimated requirement to offset 6,525 tonnes of carbon 

per year from 2030 to achieve carbon neutrality.  

Scenario 1. Maintaining the existing forest at Mt Barker. 

This was analysed using the following assumptions: 

• The existing area participating in the ETS as Post-89 forest land was assumed to continue in 

the NZ ETS as is.  

• The area not currently included in the ETS, not classified as Pre-90 area and not unstocked as 

of 2021 was considered eligible to be included.  

Two variations relating to the total area entered into the ETS were analysed: 

1.1. Whole forest – this includes entering all remaining eligible forested area into the ETS. 

1.2. Flats only – this excludes entering any additional area of the Mt Barker hill into the ETS. This is 

because of the increased wilding risk that Corsican pine located on the hill poses. Any further 

management decisions with regards to area on the hill were not considered under this scenario 

in this analysis.  

Both 1.1 and 1.2 were analysed under three assumptions relating to the Joint Venture. 

i. Current JV – assumes that UC is entitled to 30% of NZUs claimed from any area at Mt Barker 

entered into the ETS as any point. 

ii. Modified JV – assumes that UC is entitled to 30% of NZUs claimed from area already 

participating in the ETS and 100% of NZUs claimed from any new area entered.  

iii. No JV – assumes that UC is entitled to 100% of NZUs claimed from any area at Mt Barker 

entered into the ETS at any point. 

Both the ‘Modified JV’ and ‘No JV’ options would require modification of the current JV agreement. 

The practicality of this and wishes of the JV partners were not considered in this analysis. 
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Scenario 2. Clearing and replanting Mt Barker. 

Scenario 2 analyses the option for mass clearance of the existing forest cover at Mt Barker to remove 

the wilding Corsican pine with subsequent replanting of a less wilding prone species – hybrid radiata 

x attenuata (hybrid radiata). The following assumptions were applied: 

• Clearance occurs in 2022.  

• Aerial spraying conducted in 2024 to remove regenerating conifers prior to replanting.  

• All area to be replanted in hybrid radiata in 2025. In the NZ ETS land must be replanted within 

five years of clearance to avoid being classified as deforestation. 

• The four small stands of radiata pine and Douglas-fir located on Post-89 land will be retained.  

• 18.4 ha currently classified as unstocked will also be planted and entered into the ETS. It is 

assumed this area is subject to no first rotation residual decay. 

• The new forest is modelled as permanent forestry using the 50-year Canterbury Radiata Pine 

Lookup Table.  This area will be entered into the ETS under stock-change carbon accounting 

and would therefore incur a liability if harvest was undertaken. 

• The Canterbury Radiata Pine lookup table was used to model the growth of hybrid radiata.  

• It is assumed that UC is entitled to 100% of carbon credits. 

A ‘flats only’ assumption was not analysed within this scenario because removal of Corsican pine on 

the flats but not the hill is not a rational management option.  

Scenario 3. Bare land planting on UC Pastoral Lease properties. 

This analyses planting a new carbon forest of hybrid radiata. This was analysed as a standalone 

scenario. It was also analysed as part of Scenarios 1) and 2) above to the extent required to 

complement forestry at Mt Barker under each scenario so that UC could achieve long-term carbon 

neutrality.  

New planting was analysed considering both averaging and permanent forestry using the Canterbury 

Radiata Pine lookup table. Under averaging, carbon can be claimed until year 20 when a carbon stock 

of 278/ha is reached. Under permanent forestry, carbon is assumed to be claimed for a forest between 

ages 0 and 50 years.  

3.3 Economic analysis 

The option to retain Mt Barker, replant Mt Barker and/or plant on bare land have been analysed using 

discounted cashflow analysis on a per-ha basis. The assumptions displayed in Table 1 were applied to 

each. Further cost breakdown and NPV analysis assumptions are shown in Appendix E.  

• A rotation age of 30 was assumed for an averaging regime.  



13 

 

• Permanent forestry was modelled for 50 years.  

• Averaging was analysed both with and without stumpage revenue assumed at $10,000/ha in 

year 30.  

• The costs associated with managing or replanting Mt Barker were included only for the area 

considered for inclusion in the ETS.  

• All analysis was undertaken with a 7% required rate of return.  

An economic analysis of the cashflows associated with achieving long-term carbon neutrality was also 

undertaken for each scenario. This is because it is recognised that for an organisation like UC, the 

cashflow profile of an investment is important for budgeting and financial management purposes. 

Table 1: Costs associated with retaining Mt Barker, replanting Mt Barker and bare land planting. 

Cost Component 
Retain Mt Barker Replant Mt Barker Bare land Planting 

Year Cost ($/ha) Year Cost ($/ha) Year Cost ($/ha) 

Clearance   0 4,167   

Spraying   2 178   

Seedlings   3 700 0 700 

Planting   3 750 0 700 

Release Spray   3 165 0 165 

Land Prep     0 160 

Insurance All 40 All 40 All 40 

Management All 60 All 150 All 150 

Wilding control All 40     
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4.  RESULTS 

4.1 Existing Forest 

Mt Barker is a 380 ha forest situated at the southern end of Lake Coleridge. The forest is located on 

the slopes of Mt Barker and across the flats to the south of the hill. Since 1993 the forest has been 

managed under a Forestry Right as specified in the Forest Rights Registration Act 1983. The forest is 

managed under a Joint Venture (JV) agreement, the Acheron Bank Forestry Joint Venture, between the 

University of Canterbury and Mount Barker Forest ("Acheron Bank Forestry Joint Venture," 1993). This 

is the only existing forest on UC properties that is eligible to earn credits under the ETS. Therefore, the 

rest of this section focuses on the forest at Mt Barker. 

Mt Barker is predominantly a wilding forest of Corsican pine of various ages. The forest developed as 

windblown seed from a shelterbelt on Lake Coleridge Station began to establish in the lee of Mt Barker 

in the 1940s (FFA, 2008). Subsequent infilling and boundary spread have extended the forest to the 

known current boundaries. Mt Barker also contains several small areas of planted Douglas-fir and 

radiata pine. The forest has been mapped, described, and valued by Owen Springford (NZIF Registered 

Forest Consultant) in 2004, 2011 and 2016 (Springford, 2004, 2011, 2016).  

4.1.1 Area 

The original area of the forest is shown on a hand drawn map attached to the JV. The area written into 

the JV is stated to be “approx. 380 ha.” Mapping this in ArcGIS following the forest boundary evident 

in recent imagery (Google Earth 2021) and existing fence lines, returned an area of 399 ha. This is the 

forest boundary and area used in this analysis.  

4.1.2 Status in the ETS 

4.1.2.1 Pre-90 Forest  

In 2011, an allocation of Pre-90 NZUs was assigned to 104 ha of forest at Mt Barker. This area is now 

classified as ETS Pre-1990 forest land. Aerial imagery estimated to have been captured in 1992/93 was 

used to map the area of Pre-1990 forest on the property (described in Springford, 2004). The mapped 

area of Pre-90 forest is displayed in red in Figure 1.  

4.1.2.2 Post-89 Forest 

It is assumed that the forest on the remaining area was established post 1989 and that this land is 

therefore eligible to participate in the NZ ETS. This is based on the aerial imagery estimated to have 

been captured in 1992 or 1993.  
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In 2012 98 ha of this area was entered into the NZ ETS as Post-89 forest. This is predominantly located 

on the flats as shown in green in Figure 1. This area is split into five Carbon Accounting Areas (CAAs) 

which are also indicated in Figure 1 and shown in Table 2. 

   

Figure 1: Mt Barker Pre-90 (red) and Post-89 (green) land currently participating in the ETS. 

Table 2: Summary of UC’s existing CAAs in NZ ETS, source UC ETS account NZ 6893. 

CAA Species Year Area (ha) 

1 Corsican 2004 18.8 

2 Corsican 1999 23.5 

3 Corsican 2004 18.0 

4 Corsican 1996 6.4 

5 Corsican 1999 30.9 

Total 
  

97.8 

 

4.1.2.3 Area not currently in the ETS 

The remaining area within the Mt Barker forest boundary totals 197 ha. This is comprised of 160 ha of 

stocked area and 37 ha of unstocked area.  

Stocked Area 

Figure 2 shows the area which is stocked and not currently entered in the ETS. This has been split into 

two different forest classes, also indicated in Figure 2. The first, shown in Figure 2 in blue comprises 

132 ha generally located on the Mt Barker hill and along the boundaries of the flats. The second class, 

indicated in purple, is comprised of small polygons, situated in and around the existing distribution of 
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Pre-90 and Post-89 area. This totals 28 ha.  It is likely that it would be difficult to get MPI approval to 

enter this area into the ETS and it is therefore excluded from further consideration in this analysis. 

Figure 2: Left – stocked area not currently in the ETS, right – distribution relative to existing ETS area. 

Unstocked Area 

This area cannot be entered into the ETS as forested land without undertaking specific actions to 

establish trees. This primarily includes areas that are either in scrub or where the stocking of Corsican 

pine is not sufficient to meet the ETS 30% canopy cover requirement. The most significant areas 

identified as being unstocked are on the northern side of the Mt Barker hill where the trees are 

scattered and do not form a continuous canopy as indicated in Appendix F. 

4.1.3 Establishment year 

Existing establishment years have been retained for the five CAAs already participating in the ETS 

(Springford, 2016). Determining the volume of NZUs that can be earned from the additional Post-89 

eligible area, first required stratifying the area by estimated date of forest establishment. As this is a 

wilding forest, which has developed naturally, it is difficult to define establishment year without 

ground truthing. 

The establishment years for the additional area which is assumed to be Post-89 eligible have been 

assessed considering previous estimates in combination with photo interpretation of historic aerial 
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imagery of the forest. The forest lacks coverage by good quality imagery until 2008. More recent 

improved imagery was used in the mapping carried out for this research. 

Figure 3 shows the updated establishment years for the whole forest. This includes four small stands 

(three radiata pine and one Douglas-fir), all of which are less than 2 ha. The Corsican pine areas have 

been allocated to four assumed establishment years (1996, 1999, 2004 and 2008). Table 3 shows the 

areas associated with these ages. 

Most (97 ha) of the additional ETS eligible area of Corsican pine has been assigned an establishment 

year of 2004. This is largely in line with existing estimates which appear to put 2004 as the date of a 

significant dispersal event. Aerial imagery shows that these areas were stocked in 2008. Some area on 

the hill has been classified as younger and assigned an establishment year of 2008. Recent imagery 

shows that infilling has occurred over this area. It is assumed that it is because of this, that the 

vegetation cover now has the potential to become a forest at maturity and achieve 30% canopy cover. 

The information presented in this analysis is a best estimate, however it is important to note that 

entering any area into the ETS requires MPI approval.  

Table 3: Summary of Mt Barker ETS eligible area. 

Existing Forest in ETS 

CAA Species Year Area (Ha) 

1 Corsican 2004 18.8 

2 Corsican 1999 23.5 

3 Corsican 2004 18.0 

4 Corsican 1996 6.4 

5 Corsican 1999 30.9 

Sub total 97.8 

New Forest to be entered in ETS 

6 Corsican 2004 6.5 

7 Corsican 2004 34.8 

8 Corsican 2004 16.3 

9 Corsican 2004 36.1 

10 Corsican 2004 3.5 

11 Corsican 2008 25.7 

12 Corsican 2008 2.2 

13 Radiata 1996 2.0 

14 Radiata 1998 1.5 

15 Radiata 1995 1.1 

16 Douglas Fir 1993 1.8 

Sub total 131.6 

Total 229.4 
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Figure 3: Estimated establishment years for Mt Barker forest. 

4.1.4 Carbon yield 

The existing Post-89 area registered in the ETS is under 100 ha and as such, carbon yield has been 

calculated using the Other Exotic Softwoods look-up table (MPI, 2017). The carbon yield for any new 

area entered into the ETS will be dependent on the ETS participant. The area could continue to be 

measured using the carbon yield from the Other Softwood Lookup Table if the participant maintains a 

portfolio of less than 100 ha of forest in the ETS. If alternatively, the forest was entered as part of a 

larger block, the Forest Measurement Approach would be required. This would entail higher costs but 

may also allow a larger number of carbon credits to be earned if the actual carbon yield is higher than 

that specified by the look-up table.  

4.1.5 Current management plans 

As a wilding species, the Corsican pine forest at Mt Barker presents both social and environmental 

issues for UC. The current JV is managing Mt Barker with the long-term objective of removing all 

Corsican pine from the property (Ledgard & Baker, 2020). The JV’s operational management objectives 

are “to manage the trees with the main aims of… 

• Preserving soil, conservation and landscape values, 

• Containing wilding spread to within the block, 

• Maximising the potential to sustainably increase the carbon stock in the forest and, where 

agreed and appropriate, the yield of forest timber” (Ledgard & Baker, 2020). 
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An agreement with Environment Canterbury (ECAN) for wilding management and control funding was 

signed in January 2016 in line with Environment Canterbury’s Regional Biodiversity Initiative (Ledgard 

& Baker, 2020). As of June 2020, approx. 50 ha of Corsican pine has been cleared and replanted in 

alternate species on the property. Planted buffers of species with low risk of wilding spread, 

predominantly ponderosa and radiata pine, have also been established on the property boundaries. 

Wilding management outside of the forest boundary has been largely managed by MPI and adjacent 

landowners under the National Wilding Control Strategy. However, in the 2020 Mt Barker Forest Ltd 

Annual Report, it is noted that a future distant spread event from Mt Barker is inevitable, and that the 

JV wishes to be proactive in minimising this risk (Ledgard & Baker, 2020). In May 2020 the JV submitted 

a proposal to MPI to spray approx. 120 ha of wildings on the Mt Barker hill and create a 5 ha, 40 metre 

wide, wilding-free strip above the Acheron Gorge which is along the southern boundary of the 

property. 

4.2 New Forest 

4.2.1 UC Properties 

As previously stated, in addition to the Mt Barker forest, the University of Canterbury has 

approximately 40,000 ha of high-country land located in the Selwyn District of the Canterbury Region 

in the South Island, New Zealand (Figure 4). This area comprises Cass Mountain Research Station and 

six pastoral properties currently managed by a range of lessees with pastoral lease agreements. The 

areas of these properties are displayed in Table 4. 

 

Figure 4: UC’s high country properties.  
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4.2.2 Pastoral Lease agreements 

The pastoral lease agreements contain a provision which allows for 5% total of the lease area to be 

planted in trees. The associated area for each pastoral lease property is displayed in Table 4.  

“The lessor may at any time during the said term of years granted serve a notice on the lessee 

that it requires a portion or portions of the said land but in no case to exceed in the aggregate 

five per centum of the total area of the said land to be set aside and used for tree planting 

and upon the lessor giving to the lessee such notice which shall therein specify the portion of 

portions so required as afforested the following provisions shall apply (University of 

Canterbury, 2016).” 

4.2.3 Regulatory environment 

Constraints applicable to afforestation on the UC high country properties are imposed by the District 

Council, Regional Council and NES-PF.  

4.2.3.1 Selwyn District Council  

The Selwyn District Plan is currently under review and a Proposed District Plan was publicly notified on 

Monday 5 October 2020. This means that all land use activities must be considered under both the 

Operative and Proposed District Plans until the Proposed District Plan becomes operative (Selwyn 

District Council, 2016, 2020). This is expected to be the end of 2022.  

Figure 5 indicates that under the current, Operative Selwyn District Plan all of UCs high-country land is 

located within the Rural Area, High Country Zone. Of this, 20,581 ha are also located within the 

Outstanding Landscape Zone and a further 4,286 ha are located within the Forestry Exclusion Zone. 

The remaining 14,531 ha are not within the Outstanding Landscape or Forestry Exclusion Zones. 

 

Figure 5: Map of classification of UC Properties under current operative Selwyn District Council Plan.  
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The plan repeatedly notes the value of the High Country as part of New Zealand’s identity and culture 

due to its low intensity of human occupation and modification. The purpose of the Outstanding 

Landscape Zone is to protect relevant areas from inappropriate subdivision, use and development. The 

Forestry Exclusion Area then covers area where exotic plantations may have adverse effects on the 

landscape while offering more leniency to other land uses/development. The following policies are 

most relevant to planting in these areas: 

Policy B1.4.26: Control forestry planting in the high country generally and avoid exotic tree 

planting in the Areas of Outstanding Landscape and the Forestry Exclusion Areas.  

Policy B1.4.31: Recognise the surrounding high-country area as a backdrop to the Areas of 

Outstanding Landscape and maintain the rural character of the area by … encouraging 

plantations to be planted to reflect landform patters and shapes; and generally, in quantities 

which maintain the predominance of a pastoral landscape.  

From this, rules to regulate these policies mean that: 

• Planting plantations is a Restricted Discretionary Activity in the High Country (Rule 2.2.2). 

• Planting plantations is a Non-Complying Activity in Outstanding Landscape and Forestry 

Exclusion areas (Rule 2.2.14). 

The plan notes that pastoral farming is the dominant land use in the high country. It also states that 

plantations are part of the character of the area and that the importance of forestry is increasing as 

land is removed from pastoral leases and owners look to diversify their land uses. It is specifically stated 

that large-scale exotic plantations are appropriate land uses in the high country, provided they are 

balanced with the retention of areas in a pastoral landscape. There is more leniency for indigenous 

plantations. The Plan also contains Policies and Rules to prevent and manage wilding tree spread. 

The Plan stresses that policies are not to prevent the planting of exotics in the high country, rather to 

manage how these activities are undertaken. Examples of appropriate practice stated in the Plan 

include 1) planting in shapes that reflect contours of the landscape and 2) planting an entire hillside to 

better maintain the distinctness of the ridgelines/skyline compared to partial planting.  

However, areas classified as Outstanding are deemed to be likely to be adversely affected if large areas 

are planted in exotic trees as this area is “valued for the prominence and visibility of the landforms and 

dominance of brown tussock cover.”  Hence, exotic planting is to be generally avoided unless it is the 

only practical soil erosion, wilding tree, or plant-pest control. This is especially important as 90% of 

land zoned as ‘High Country’ within the Selwyn District, and 64% of land owned by UC, is classified as 

either Outstanding Landscape or Forestry Exclusion Area.  
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Under the Proposed District Plan all high country area is set to become General Rural Zone (GRUZ). 

Within this, establishing new plantation forests is a Permitted Activity. However, there is an increased 

number of District Wide overlays to manage key values and risks across the District. The most relevant 

of these are: 

• Ecosystems and Indigenous Biodiversity (EIB). Policy to avoid the clearance of indigenous 

vegetation and any earthworks or plantation forestry within scheduled Significant Natural 

Areas. Plantation forestry is Non-Complying within Significant Natural Areas (SNA). These 

areas are currently undetermined. 

• Natural Features and Landscapes (NFL). This includes both Outstanding Natural Landscapes 

(ONL) and Visual Amenity Landscapes (VAL). Policy aims to recognise the values identified in 

these areas and protect these from adverse effects. For the ONL areas this includes “avoiding 

activities that are incompatible with the values identified, including plantation forestry, mineral 

extraction and large-scale earthworks.” UC’s land resource predominantly sits within two ONL 

areas: the Rakaia High-Country Catchment and the Waimakariri High-Country Catchment. A 

smaller area of approximately 350 ha sits within the Rakaia VAL.  

Five rules apply to NFL areas and of these, two directly regulate the planting of trees (NFL-R3 and NFL-

R5). These mean that establishing horticultural plantings, woodlots, shelterbelts, and plantation 

forests are heavily regulated as follows: 

• NFL-R3 Horticultural Planting, Woodlots, Shelterbelts – Discretionary in ONL and VAL overlay. 

• NFL-R5 Plantation Forest – Non-complying in ONL overlay and Controlled in VAL overlay. 

Currently, a difference in definition splits these two rules. Plantation forest is defined as being a crop 

to be harvested while woodlots include area planted as a carbon sink under a permanent forestry 

regime. (See definitions in Appendix G).  

The Proposed Plan removes the regimented boundaries as to where forestry can and cannot be 

undertaken in the Selwyn high country but still applies significant restrictions. In all cases and under 

both versions of the Selwyn District Plan, undertaking forestry is possible but getting consent is likely 

to be problematic. This is because the Plans, while contradicting themselves, appear to consistently 

regulate against forestry in the high country. The Selwyn District Council’s appetite for undertaking 

discretionary and/or non-complaint activities is therefore likely to be the single most important 

limitation and/or enabler to any carbon sequestration programmes implemented by the University of 

Canterbury.  
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4.2.3.2 Canterbury Regional Council 

The Canterbury Regional Council’s Land and Water Regional Plan does not provide any specific 

restrictions for undertaking forestry on the UC Pastoral Lease Properties (Canterbury Regional Council, 

2018). 

4.2.3.3 National Environmental Standards for Plantation Forestry 

The NES-PF provides national standards for undertaking activities relating to plantation forests. The 

NES-PF stipulates that afforestation must be notified and wilding risk must be considered and 

managed. Further regulations on afforestation in significant natural area, outstanding natural 

landscape and visual amenity landscape zones are also applied.  

4.2.4 Physical environment  

New land considered for afforestation must consider the limitations imposed by the District and 

Regional Plans along with the planting restrictions of the lease agreements. The area also needs to be 

suitable for afforestation. In this analysis, this requirement includes that the area be below 800 metres 

in altitude, classified as LUC 6 or 7 land, not currently in forest, and meet the Post-89 ETS eligibility 

rules. Area classified as LUC 4 land was excluded. This was identified as flat, often improved pastures. 

These are important for agriculture in the area and are unlikely to be selected for afforestation. 

Table 4 shows that 7,683 ha across the pastoral lease properties have been identified as suitable for 

afforestation. This also shows that it is likely that the area provision in the lease agreements will be 

most limiting to the location of afforestation opportunities.  

Table 4: Area of UC high country properties. 

Property Total Area (ha) Suitable Area (ha) 5% Area (ha) 

Craigieburn 6,549  1,598  327  

Flock Hill 14,204  1,560  710  

Grasmere 3,460  810  173  

Glenthorne 8,976  1,874  449  

Coleridge 3,863  1,269  193  

Acheron 895  572  45  

Total 37,947  7,683  1,897  

Figure 6 shows that the suitable area identified is scattered across the UC Pastoral Lease Properties. 

Appendix H shows how this area sits in the landscape using Google Earth 3D view. Afforestation within 

these areas could take many forms. Site inspection to identify the best location for plantings would be 

necessary.   
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Figure 6: Location of area on UC Pastoral Lease properties suitable for afforestation 

4.3 Scenarios to facilitate UC achieving carbon neutrality 2030 

Three scenarios which could enable UC to reach carbon neutrality have been identified and analysed. 

These are: 

Scenario 1. Maintain the existing forest at Mt Barker and undertake complementary plantings of 

hybrid radiata pine on pastoral lease properties. 

Scenario 2. Clear the forest at Mt Barker and replant in hybrid radiata pine, and undertake 

complementary plantings of hybrid radiata pine on pastoral lease properties. 

Scenario 3. Plant hybrid radiata pine on UC pastoral lease properties. 

4.3.1 Scenario 1: Maintain Mt Barker and plant hybrid radiata pine on lease properties 

This scenario has been analysed to determine how the existing forest at Mt Barker can contribute to 

UC achieving carbon net neutrality by 2030. As previously stated, this has been analysed considering 

entering either the whole forest (230 ha) or the forest on the flats only (157 ha) into the ETS and under 

three assumptions relating to the joint venture. The contribution of planting complementary bare land 

on UC Pastoral Lease Properties has also been analysed. 

4.3.1.1 Potential carbon sequestration for this scenario 

Mt Barker 

Scenario 1.1 – Whole Forest at Mt Barker 

The existing forest at Mt Barker comprises 98 ha currently already in the ETS and a further 132 ha 

which are potentially eligible to enter.  
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The total volume of NZUs which can be earned from this 230 ha forest between 2008 and 2058 is 

shown in Figure 7 under the ‘No JV’ assumption. This assumes that no credits earned to date have 

been sold. A sharp increase in carbon sequestration occurs in 2018 as the additional 132 ha is assumed 

to be entered into the ETS in 2022. This allows the associated carbon credits for this area to be claimed 

from 2018. This is the beginning of the current commitment period (2018 – 2022). Prior to 2018, only 

the 98 ha which has been in the ETS since 2008 has contributed to the carbon profile. By 2058 no 

further carbon can be earned. This is an artefact of modelling carbon sequestration in the ETS which 

uses fifty-year lookup tables. Actual sequestration will continue past this point.  

Figure 7 demonstrates that the annual increment from the forest does not meet the annual offset 

requirement of 6,525 tonnes/year. However, because Mt Barker is an existing forest, all NZUs earnt 

prior to 2030 will have created a carbon credit bank. This is a significant benefit because it means that 

the cumulative NZU total allows UC to maintain carbon neutrality for a period. Figure 8 reflects this 

and shows that when UC’s offset requirement of 6,525 tonnes/year is included from 2030, the net NZU 

stock decreases with time as the carbon increment does not keep up with the offset requirement. 

Carbon neutrality can be maintained until the point at which the net carbon stock reaches zero in 

Figure 8. 

 

Figure 7: Carbon sequestration profile of Mt Barker forest under three JV scenarios 2008-2058. 

Table 5 highlights the importance of the JV to the goal of carbon neutrality. This existing forest can 

keep UC carbon neutral between 2030 and 2032, 2037 or 2045 under different assumptions of the JV.  

Under the current JV agreement, UC is entitled to 30% of any NZUs claimed from the forest. Figure 7 

shows that under this assumption, UC’s carbon credit accrual reaches a maximum of approx. 1,200 
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NZUs/year. Table 5 shows that in this case, the existing forest can maintain carbon neutrality for UC 

until 2033. This also means that immediate action will need to be taken to ensure carbon neutrality in 

the long term. 

The ability of Mt Barker to contribute to UC’s goal of long-term carbon neutrality is maximised under 

the ‘No JV’ assumption. In this case, carbon neutrality can be maintained until the end of 2045 by 

entering the additional eligible area into the ETS now.  

Table 5: Contribution of the existing Corsican forest to UC’s carbon neutral goal under three Joint 

Venture assumptions. 

JV Assumption Total NZUs earned (2008-
2058) 

Carbon neutral until year end 

Current JV 37,131 2032 

Modified JV 84,057 2037 

No JV 123,768 2045 

 

Figure 8: Mt Barker forest net carbon credit stock under three JV scenarios 2029 – 2050.  

Scenario 1.2 – Flats only at Mt Barker 

This scenario assumes that only the forest on the Mt Barker flats is entered into the ETS. The purpose 

of this is to reduce the risk of wilding spread. This would entail entering the forest area shown in Figure 

9.  This totals 157 ha instead of 230 ha as included in the whole forest scenario. This includes the area 

in CAA 1 through CAA 5 which is already participating in the ETS (98 ha), four small stands of radiata 

pine and Douglas-fir which are eligible to be entered and 52 ha of additional area of Corsican pine 

located along the south and east boundaries.  
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Figure 9: Area included in the ‘flats only’ scenario. 

Figure 10 shows the carbon sequestration profile generated from the forests on the flats. This follows 

a similar trajectory to the profile achieved through entering the whole forest as displayed in Figure 7. 

However, the number of NZUs is reduced in this scenario and peaks at approx. 2,700 NZU/yr. Under 

the current JV assumption, the number of NZUs earnt is further reduced.  

Figure 11 shows how these assumptions affect UC’s carbon neutrality. This existing forest on the Mt 

Barker flats can keep UC carbon neutral between 2030 and 2032, 2034 or 2039 under the different 

assumptions of the JV (Table 6). 

 

Figure 10: Carbon sequestration profile of flats forest under three JV scenarios 2008-2058. 

0

500

1,000

1,500

2,000

2,500

3,000

2008 2013 2018 2023 2028 2033 2038 2043 2048 2053 2058

N
ZU

s

Carbon Credit Profile - Flats Only

No JV Existing JV assumption All 30%



28 

 

 

Figure 11: Mt Barker flats only forest net carbon credit stock under three JV scenarios 2029 – 2050. 

Table 6: Contribution of the existing flats forest to carbon neutrality under three JV assumptions. 

Assumption Total NZUs earned Carbon neutral until year end 

Current JV 25,916 2031 

Modified JV 46,675 2033 

No JV 86,386 2038 

 

Complementary Planting on Pastoral Lease Properties 

Under both Scenario 1.1 Whole forest and Scenario 1.2 Flats only, and under all assumptions of the JV, 

the existing forest at Mt Barker can facilitate UC achieving carbon neutrality at 2030 (Table 5 and 6). 

However, in all cases, additional planting will be necessary to maintain carbon neutrality in the long 

term. This can either be planted as rotational forest under averaging or permanent carbon forest.  

An indication of the bare-land planting required to complement these scenarios is given in Table 7. 

Many combinations of planting programmes would facilitate long term carbon neutrality for UC. Table 

7 shows that generally 250 ha is required if using permanent forestry and a rate of planting of 25 ha/yr 

is needed if using averaging.  

Comparing the scenarios presented in Table 7 is made difficult as the timeframes for which carbon 

neutrality is facilitated are not the same. Undertaking averaging as above at a planting rate of 25 ha/yr 

will facilitate carbon neutrality in perpetuity. Alternatively, assuming a single planting of permanent 

forestry can facilitate carbon neutrality for a significant period, up to a maximum of fifty years. The 

contribution from a planted permanent forest is most limited when the contribution from Mt Barker 

is minimised. The data presented in Table 7 highlights that timeframe for a planting programme 
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depends heavily on the JV and area assumptions. As the contribution from Mt Barker is reduced, 

planting must occur earlier to ensure carbon neutrality can continue to be met. The best option for UC 

depends on the timeframe for which forestry is intended to be used for facilitating carbon neutrality. 

A planting programme could then be optimised for this under whichever assumptions relating to the 

JV and area are adopted.  

Table 7: Additional planting to complement existing Mt Barker forest. 

 

4.3.1.2 Cost 

This scenario involves two separate cost components. One is the cost of maintaining the forest at Mt 

Barker and the second is the cost of new land planting on pastoral lease properties. Both have been 

considered on a per hectare basis.  

Mt Barker 

The cost of managing Mt Barker is assumed to be $140/ha/yr in annual overheads. This yields an NPV 

of -$1,932/ha over 50 years at a 7% required rate of return (Table 8). 

Table 8: NPV of managing the existing forest at Mt Barker 

Assumption NPV ($/ha) 

Retain forest -1,932 

Mt Barker Complementary Planting 

Area 
JV 

Assumption 

Carbon 
neutral 

until 
Averaging Permanent 

All Current JV 2033 25 ha/yr from 2023. 250 ha 2024.  
Maintains carbon neutrality until 
2065. 

Modified JV 2038 25 ha/yr from 2028. 250 ha in 2029. 
Maintains carbon neutrality until 
2070. 

No JV 
 

2045 25 ha/yr from 2035. 250 ha in 2034. 
Maintains carbon neutrality until 
2084. 

Flats 
Only 

Current JV 2032 25 ha/yr from 2022. 
Additional 25 ha needed 
at start (i.e., 50 ha in 
2022 or 75 ha in 2023). 

250 ha in 2023. 
Maintains carbon neutrality until 
2064. 

Modified JV 2034 25 ha/yr from 2023.  250 ha in 2024.  
Maintains carbon neutrality until 
2070. 

No JV 2039 25 ha/yr from 2028. 250 ha in 2029. 
Maintains carbon neutrality until 
2075. 
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Bare Land Planting 

The costs associated with a bare land planting of hybrid radiata have been considered for both a 30-

year rotation under averaging carbon accounting inclusive and exclusive of an assumed harvest 

revenue ($10,000/ha), and a 50-year rotation under permanent forestry. Table 9 shows that in all cases 

the NPVs are negative as expected. The best NPV is -$3,144/ha which is associated with a timber + 

carbon averaging regime.  

Table 9: NPV of undertaking bare land planting on UC Pastoral Lease properties. 

Regime NPV ($/ha) 

Averaging Cost alone -4,458 

Averaging With stumpage -3,144 

Permanent  -4,722 

 

Cashflows 

The above section has shown that there are several ways UC could achieve carbon neutrality by 

retaining the forest at Mt Barker combined with a complementary planting programme.  

The cashflows for the permanent and averaging forestry options under the ‘flats only, modified JV’ 

from Table 7 have been analysed further. This is believed to be a realistic scenario. To make these 

comparable, planting programmes to facilitate carbon neutrality until 2070 have been analysed for 

each as displayed in Table 10. Significantly more area is required within this timeframe if averaging is 

undertaken. Appendix I shows the associated cashflows for the ‘whole forest, no JV’ scenario. 

Table 10: Complementary planting programme to sustain carbon neutrality until 2070. 

Regime Planting Programme Total Area (ha) 

Averaging 25 ha/yr 2023-2059 925 

Permanent 250 ha in 2024 250 

The NPV of managing 157 ha of forest at Mt Barker over the timeframe is -$303,340. This is included 

in each scenario. Table 11 shows that the NPV of undertaking permanent forestry and averaging 

forestry with timber revenues are comparable.  The NPV associated with an averaging scenario with 

no stumpage (worst case scenario) is worse at -$1.9 million.  

There are more significant cashflows associated with undertaking an averaging regime in the long-

term.  This can be seen in Figure 12 which shows a comparison of cashflows through time. The cost 

associated with averaging reaches approx. $200,000 /yr while the cost of undertaking permanent 

forestry stabilises at approx. $70,000 /yr. In the long term positive cash flow can be attained if 
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stumpage revenue is included in the averaging regime. It is notable that undertaking permanent 

forestry has a higher upfront cost of approx. $500,000 due to planting more area initially.  

Table 11: Financial analysis of retaining Mt Barker. 

Area JV Regime Stumpage NPV ($) 

Flats Only Modified JV Permanent 
 

-1,373,084 

Flats Only Modified JV Averaging No -1,904,915 

Flats Only Modified JV Averaging Yes -1,474,129 

 

Figure 12: Cashflows between 2022 and 2090 for carbon offset programmes required to ensure carbon 

neutrality until 2070. 

4.3.1.3 Implications 

The most significant issue with this scenario, which retains the existing Corsican pine forest at Mt 

barker, is that Corsican pine is a weed species which presents a significant wilding risk in its current 

form. This goes against the current management plan which has been agreed on by the joint venture 

partners and ECAN. It also contradicts the National Wilding Conifer Management Strategy and 

Canterbury Regional Pest Management Plan (ECAN, 2018; MPI, 2014). The later identifies six species 

of wilding conifers including Corsican pine as included in a “progressive containment programme” 

(ECAN, 2018). This aims to prevent the spread of these pests and to progressively remove them from 

much of the land already invaded.  
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Entering the flats only may be a better compromise considering the objectives of the joint venture 

partners. This would allow for the removal of Corsican pine to continue the hill. It is the preference of 

the Mt Barker Forest Partnership to facilitate the transition of the Mt Barker hill to natives.  

It is also notable that Mt Barker could be entered into the ETS now to facilitate UC achieving carbon 

neutrality in 2030. The forest could then be removed in the future if equivalent offset planting was 

undertaken on bare land. This would occur as the new forest earns NZUs which can be used to meet 

the Mt Barker surrender requirement at harvest. The offset requirement would depend on how much 

of the Mt Barker forest is entered into the ETS.  

4.3.2 Scenario 2: Replant Mt Barker and plant hybrid radiata on lease properties 

This scenario has been analysed to determine how removing the existing forest and replanting Mt 

Barker in hybrid radiata could contribute to enabling UC to achieve carbon neutrality. This assumes 

248 ha will be replanted and entered into the ETS. There is no ‘flats only’ assumption presented with 

this scenario as removing the Corsican pine on the flats while leaving the forest on the hill would not 

be a realistic or rational management decision. The contribution from planting complementary bare 

land on UC Pastoral Lease Properties has been included. 

4.3.2.1 Potential carbon sequestration for this scenario 

The decision to remove the existing forest on Mt Barker would mean all NZUs claimed for the forest 

would need to be surrendered, except for safe carbon. The ability to claim further credits will then be 

determined by the interaction between the decay of residuals of the first crop and the growth of the 

second crop. Credits can only be claimed when the net increment is positive. The forest is assumed to 

be entered in the ETS by 2022. It could therefore be re-established under stock-change carbon 

accounting and managed as a permanent forest to avoid the need to surrender NZUs at harvest. The 

area that can be replanted and entered is largely determined by the existing distribution of Pre-90 and 

Post-89 boundaries as existing CAAs will need to be retained and replanted. 

The total contribution the 248 ha replanted forest is estimated at 257,184 NZUs between 2018 and 

2074. This is a larger volume of total credits than what can be claimed by maintaining the existing 

forest. NZUs are accrued following the profile shown in Figure 13. It is evident that there is a lag, with 

carbon stock only increasing sharply from 2028. This limits this scenario’s capacity to contribute to 

UC’s goal of being carbon neutral by 2030. By 2030 the forest will have only sequestered a total of 

3,926 NZUs. This does not meet the offset requirement of 6,535 tonnes. 

Figure 14 shows how UC’s net carbon credit stock changes through time under this scenario. This 

includes the 6,525 tonne/yr offset requirement from 2030. This shows that the growth of a re-

established forest at Mt Barker is not sufficient to achieve carbon neutrality at any point. UC’s carbon 
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credit deficit reaches approx. 30,000 NZUs between 2038 and 2044 as the annual growth increment 

cannot meet the offset requirement. The deficit is reduced to approx. 25,000 NZUs as the annual 

growth increment (shown in Figure 13) surpasses the offset requirement between 2043 and 2058.  

Figure 14 also shows that UC’s net carbon credit stock under the assumption that the 6,525 tonne/yr 

offset requirement begins in 2035 as opposed to 2030. In this case the forest can successfully maintain 

carbon neutrality between 2035 and 2071. This shows the significance of allowing a lead in time 

because growth of the new crop is low initially.  

 

Figure 13: Carbon sequestration profile of replanted forest at Mt Barker 2018 – 2075. Note the decline 

in carbon sequestration between 2033 and 2037 shows the modelled impact of pruning and thinning. 

 

Figure 14: Re-established Mt Barker net NZU stock assuming carbon offset from 2030 and 2035. 
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UC’s deadline is too close for a clearance and replanting programme at Mt Barker to be able to achieve 

carbon neutrality by 2030 on its own. This means that: 

• Additional bare land on the UC pastoral lease properties would need to be planted to fill the 

deficit at the beginning of the period, or,  

• UC could purchase carbon credits for the period 2030 – 2034 to facilitate carbon neutrality 

prior to contribution from the Mt Barker forest.  

Complementary Planting on Pastoral Lease Properties 

Complementary planting on UC pastoral lease properties could allow the 2030 carbon neutral deadline 

to be met. Many planting programmes would enable this. Table 12 shows the area required if planting 

is assumed to occur in a single year. Planting could also occur split over multiple years. For example, 

planting 100 ha in 2022 and 40 ha in 2023 is also a viable planting programme. Table 12 shows that 

the later planting is left, the more area that is required. Between 2022 and 2025, the increase in area 

required is marginal, increasing by a total of 40 ha. However, leaving planting until 2027 would 

significantly increase the area required.  

Table 12: Complementary planting to achieve carbon neutral under different plant year assumptions. 

Plant Year Area Required (ha) 

2022 120 

2023 135 

2024 145 

2025 160 

2026 220 

2027 600 

This area could be established under either averaging or permanent forestry. Figures 15 and 16 show 

these scenarios. New planting is critical to generate a stock of carbon credits that can be used to offset 

operating emissions in the early years of the period. For this purpose, a forest established under either 

averaging or permanent forestry contributes in the same manner. The difference is that permanent 

forestry ensures carbon neutrality for longer, until 2091, as opposed to 2075 under averaging.  

The additional credits earned in a permanent forest regime could be considered an oversupply. This is 

indicated in Appendix J which shows that under permanent forestry, UC will have a stock of 100,000 

NZUs by 2070. 

UC could potentially generate an income from these scenarios by either undertaking a timber regime 

or selling additional carbon credits if permanent forestry is undertaken. The later could also be utilised 

to assist other organisations to achieve carbon neutrality. 
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Figure 15: Carbon sequestration assuming Mt Barker is replanted, and 135 ha is planted in 2023 under 

averaging. 

 

Figure 16: Carbon sequestration assuming Mt Barker is replanted, and 135 ha is planted in 2023 under 

permanent forestry. 
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4.3.2.2 Cost 

The cost of clearing and replanting Mt Barker has been estimated on a per ha basis and is displayed in 

Table 13. The cost of undertaking additional planting on bare land on pastoral lease properties per ha 

is detailed in Scenario 1, Table 9.  

Table 13: NPV associated with clearing and replanting Mt Barker. 

Regime NPV ($/ha) 

Permanent -8,570 

 

Cashflows  

The cashflows for an averaging forestry scenario have been analysed further. This includes the cost 

estimates of clearing and replanting Mt Barker under permanent forestry and undertaking the 

associated bare land planting programme which requires 135 ha to be planted in 2023. This maintains 

carbon neutrality until 2075. Averaging inclusive and exclusive of timber revenue has been considered. 

Appendix K shows the cashflows associated with this scenario between 2022 and 2090. There is a 

significant cost at the beginning of the period as the cost of clearing Mt Barker is assumed to cost just 

over $1.0 million. The cost of replanting is an additional $470,000 in 2025. Costs then stabilise at 

approx. $70,000/yr. If a stumpage revenue is included at age 30, this is assumed to generate a revenue 

of approx. $1.3 million. Table 14 shows that this cumulates in a high NPV as the NPV associated with 

both scenarios sit between 36approx. -$2.4 and -$2.5 million. 

Table 14: Financial analysis of replanting Mt Barker. 

Regime Stumpage? NPV ($) 

Averaging Yes -2,711,787 

Averaging No -2,546,044 

 

4.3.2.3 Implications 

Carbon neutrality cannot be achieved in 2030 using Mt Barker alone if the existing forest on Mt Barker 

is removed and the area replanted. Replanting means the existing bank of carbon credits will be lost 

and immediate carbon credit accrual will be limited by the allowance for residual decay of the existing 

crop. This is a high-cost scenario as both replanting and planting an additional 135 ha are required to 

achieve carbon neutrality by 2030. UC would be spending approx. $1.9 million between 2022 and 2025. 

The main benefit of this scenario is the removal of the current cover of Corsican pine which is a wilding 

species. This is in line with current planning and objectives. 
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4.3.3 Scenario 3: Plant hybrid radiata on lease properties only 

This scenario has been analysed to determine how a bare-land planting programme on pastoral lease 

properties alone using hybrid radiata could contribute to enabling UC to achieve carbon neutrality. In 

this case management of Mt Barker could continue as is, with the long-term goal of managing the 

forest for timber and incremental removal of the Corsican pine. 

4.3.3.1 Potential carbon sequestration for this scenario 

Figure 17 shows the carbon credit accumulation profile of an averaging and permanent forestry 

scenario which both facilitate carbon neutrality over the next 50 years. Under averaging a significant 

planting of 120 ha is required in 2022 followed by a sustained rate of 25 ha/yr. In this case the average 

annual carbon credit yield sits at approx. 7,000 tonnes/yr in the long-term. At this rate, the 6,525 

tonnes/yr offset requirement can be met in perpetuity. Figure 17 also shows the carbon credit profile 

of a permanent forest scenario whereby 280 ha is planted between 2022 and 2023 (150 ha in 2022 

and 130 ha in 2023). This maintains carbon neutrality until 2074. The associated planting programmes 

for these scenarios between 2022 and 2040 are indicated graphically in Appendix L. In all cases, if 

planting is left until later, the area that is required increases.  

 

Figure 17: Carbon sequestration profile of bare land planting using averaging and permanent forestry. 

4.3.3.2 Cost 

The cost of undertaking planting bare land on pastoral lease properties on a per ha basis is detailed in 

Scenario 1, Table 9.  
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Cashflows 

The cashflows associated with using bare land plantings of averaging and permanent forestry have 

been analysed further. As stated, permanent forestry maintains carbon neutrality until 2074. A 

planting programme using averaging would require a planting rate of 25 ha/yr to be sustained until 

2060 to also achieve carbon neutrality until 2074. This implies the total area planted over this period 

would be 1,070 ha, or 790 ha more than what is required for permanent forestry over the same 

timeframe.  

Figure 18 shows a comparison of costs associated with averaging and permanent forestry. Planting a 

permanent forest is more expensive initially. However, costs are lower in the long term ($53,000/yr) 

because no additional planting is required while the cost of undertaking an averaging regime increases 

to reach approx. $230,000 in 2050. Appendix M shows that net cashflow becomes positive from 2052 

under averaging if a timber revenue is attained. The spike in cashflow in 2052 is caused by the 

assumption that all harvest occurs at age 30. Harvest revenue is therefore dependent on the area 

planted per year in this analysis. Table 15 shows that the NPV for permanent forestry is higher than 

both averaging options which reflects the benefit of planting less area.   

Table 15: Financial analysis of replanting Mt Barker. 

Regime Stumpage Area Planted (ha) NPV ($) 

Permanent 
 

280 -1,305,180 

Averaging No 1070 -2,068,009 

Averaging Yes 1070 -1,477,071 

 

Figure 18: Comparison of costs between averaging and permanent forestry.  
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4.3.3.3 Implications 

The decision to undertake bare land planting on pastoral lease properties would remove the 

requirement to use the forest at Mt Barker for carbon sequestration. This would enable the Corsican 

pine at Mt Barker to be managed for timber and gradual removal of the forest in the long-term. This 

would be a cheaper than clearing and replanting Mt Barker for carbon sequestration.  

The area requirement associated with undertaking either averaging or permanent forestry could be an 

important factor. Under the Pastoral Lease 5% afforestation allowance, a maximum of 1,897 ha could 

be planted across all the titles if regulations allow. Achieving a planting programme of 280 ha is likely 

to be more realistic than a planting programme of 1,070 ha in the long term. 

4.4 Purchasing Carbon Credits 

Alternatively, UC could purchase carbon credits to facilitate carbon neutrality. With an offset 

requirement of 6,525 tonnes/yr and a minimum carbon price of $60/NZU, this would cost $391,500/yr. 

The values presented in Table 16 show the cost of this for the period 2030-2070. This is similar to the 

periods analysed for Scenario 1 -3 above.  

Table 16: NPV of purchasing carbon credits to ensure carbon neutrality. 

Assumption NPV ($) 

Buy Credits  -3,265,574 

 

 

5.  DISCUSSION  

UC has a requirement to offset 6,525 tonnes of carbon per year from 2030 to facilitate carbon 

neutrality. This analysis has shown that UC can use plantation forestry on its own properties to meet 

the goal of being net carbon neutral by 2030. This can be achieved using UC’s only existing forest at 

Mt Barker if the Corsican pine forest is retained and the additional eligible area entered into the ETS. 

However, for UC to maintain its status as net carbon neutral using forestry offsets, additional planting 

will be required. There are numerous programmes that UC could consider to achieve this. In deciding 

which is best it will be important for UC to consider the timeframe for which forestry is intended to be 

used for facilitating carbon neutrality. This will determine the required afforestation area. 

Three scenarios which facilitate long-term carbon neutrality have been presented in this analysis. 

These are summarised as follows: 
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Scenario 1: Retaining the Corsican pine at Mt Barker with complementary planting on Pastoral Lease 

properties. 

This would be the easiest way to meet the goal of being carbon neutral at 2030. The forest at Mt Barker 

could ensure UC is carbon neutral from 2030 until between 2032 and 2045 depending on the area and 

JV assumptions adopted. Additional planting is required if UC wishes to maintain carbon neutrality 

beyond this point. In this analysis it has been assumed that this is the case. Subsequently afforestation 

of 250 ha of permanent forestry has been modelled and a rate of planting of 25 ha/yr for a forest 

managed for timber + carbon under averaging.  

The cost associated with managing the existing forest at Mt Barker is low, with only an annual overhead 

and wilding management cost to account for. While choosing to enter the flats only would reduce the 

total carbon credit yield from the forest, this may be preferred to entering the whole area. It is likely 

to reduce the wilding risk of the property while still contributing to achieving carbon net neutrality. 

This scenario has the added benefit of allowing UC time to consider the options for further action, 

whilst still enabling the immediate target of carbon neutrality at 2030 to be met. Immediate planting 

(in 2022) is only required under the assumption of the ‘flats only, current JV.’  

Scenario 2: Clearing and replanting Mt Barker with complementary planting on Pastoral Lease 

properties. 

The decision to clear and replant Mt Barker would mean that UC could not achieve carbon neutrality 

at 2030 using the Mt Barker property alone. This reflects that, there is not enough time for a new forest 

to sequester the volume of carbon required to meet the offset requirement by the 2030 deadline. This 

is also impacted by the ETS requirement to allow for the decay of residuals of the first rotation crop. 

This means that for a period following harvest, the net carbon increment is still negative and no NZUs 

can be claimed.  

In this case additional action must be taken to facilitate carbon neutrality at 2030. This could require 

either immediate planting of approximately 135 ha or the purchase of carbon credits to cover the 

period between 2030 and 2034.  

Here the complementary planting undertaken on UC pastoral lease properties is to ensure carbon 

neutrality for the short period prior to the new forest at Mt Barker contributing in the long term. The 

purpose of additional planting under Scenario 1 is different as it is to enable long term carbon 

neutrality, once the contribution from the forest at Mt Barker has ceased.  
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Scenario 3: Planting on bare land on UC Pastoral Lease properties only 

Planting on UC Pastoral Lease properties only would enable Mt Barker to continue to be managed for 

timber and would facilitate the removal of the Corsican pine in line with the current management plan. 

This requires immediate action in order to minimise the area needing to be planted.  

Area 

UC’s Pastoral Lease Agreements currently contain a provision which allows for 5% of the total area to 

be afforested by UC. Across the UC Properties estate, this totals 1,897 ha. A desk analysis found that 

7,683 ha of the UC Properties estate is suitable for afforestation. This includes area that is below 800 

metres in altitude, classified as LUC 6 or 7 land and currently in low or high producing grassland. Given 

this, the scale of afforestation on UC Pastoral Lease Properties as presented in this analysis is unlikely 

to be limited by either the planting provision in the lease agreements or the area suitable for 

undertaking forestry. The University of Canterbury would need to consult the lessees.   

Cost 

In all cases, the scenarios presented are high cost. An effort has been made to ensure that the 

cashflows analysed in this report have been on a similar timeframe. This ranges from 2022 to 2070 

(Scenario 1 – retain Mt Barker), 2074 (Scenario 3 – bare land planting), 2075 (Scenario 2 – replant Mt 

Barker). The best NPVs are presented in Table 17: 

Table 17: ‘Best’ NPVs associated with scenarios which achieve long-term carbon neutrality. 

Scenario Regime NPV ($) 

Bare land Planting Permanent -1.3 million 

Retain Mt Barker Permanent -1.4 million 

Retain Mt Barker Averaging (+ timber) -1.5 million 

Bare land Planting Averaging (+ timber) -1.5 million 

The most expensive scenarios require replanting Mt Barker however this is still cheaper than buying 

carbon credits for the same period (Table 18). 

Table 18: ‘Worst’ NPVs associated with scenarios which achieve long-term carbon neutrality. 

Assumption Regime NPV ($) 

Replant Mt Barker Permanent -2.7 million 

Replant Mt Barker Averaging -2.5 million 

Buy Carbon Credits  -3.3 million 

Importantly this case study has shown that all scenarios require a significant capital outlay almost 

immediately. Table 19 presents a comparison of the cashflows which are estimated to occur between 
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2022-2025 inclusive. This shows that permanent forestry is more expensive in the short term because 

planting is assumed to occur at the start of the period as opposed to progressively as with averaging. 

It is once again clear that replanting Mt Barker is an expensive scenario. Note, the cashflows for the 

period associated with retaining Mt Barker could be reduced by opting for a different area-JV 

assumption. An indication of this is provided in Appendix I.  

Table 19: NPV of cashflows assumed to occur between 2022 and 2025. 

Scenario Regime Net Cashflow ($) 
NPV of these 

cashflows ($) 

Retain Mt Barker (flats 

only, modified JV) 

Averaging -225,315 -196,537 

Permanent -597,190 -518,983 

Replant Mt Barker Averaging -1,936,842 -1,814,301 

Plant Pastoral Lease 

Properties 

Averaging -437,175 -408,089 

Permanent -648,200 -613,373 

Other key considerations highlighted by this analysis: 

While this analysis has highlighted the options available to UC, each has a key limitation: 

• Corsican pine is a wilding species. Retaining the Corsican pine forest at Mt Barker therefore 

presents social and environmental issues for UC. Retaining the forest goes against the current 

JV agreement, and both regional and national strategy for managing wilding conifer species. 

• Clearing and replanting Mt Barker has a significant associated cost and does not facilitate 

carbon net neutrality at 2030. 

• Planting bare land on UC Pastoral Properties is an activity that is heavily regulated by the 

Selwyn District Plan. This is either a Restricted Discretionary or Non-Complying activity across 

UC’s high country properties.  

The importance of immediate action is clear. Each scenario presented in this analysis requires some 

form of immediate action.  

• Retaining Mt Barker requires that the additional area eligible to be entered in the ETS as Post-

89 land is entered before the end of 2022. This should be done immediately to ensure the 

application process is completed prior to the end of 2022. If not done, the opportunity to enter 

this area could potentially be lost. 

• For new planting, both on UC Pastoral Lease Properties and at Mt Barker, earlier planting is 

better for UC in terms of meeting existing self-imposed targets and maintaining carbon 

neutrality. The later planting is left, the more area that will be required.   

UC’s stance on Corsican pine as a wilding species is important. This will determine whether UC is happy 

to retain the existing forest at Mt Barker. The perspective of other stakeholders, like ECAN, MPI and 
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neighbouring landowners has the potential to be important in this decision. It should also be noted 

that other wilding Corsican forests have been successfully entered into the NZ ETS. This analysis has 

shown that while Corsican is a wilding species, the forest at Mt Barker is also a valuable asset when 

carbon is considered. Management decisions should be made accordingly. In this case part of the 

management of this asset would require thorough analysis and action of wilding control measures. 

Averaging and permanent forestry present different operational models and, if new planting is 

undertaken, UC must decide which is more appropriate to meet its objectives.  

• Undertaking averaging has the potential to be profitable in the long term as revenue from the 

timber crop can be expected. This means there will be the opportunity to recoup some of the 

cost incurred throughout the course of the rotation. However, at a planting rate of 25ha/yr, 

the area required for afforestation could become significant. Ultimately this depends on the 

length of time that UC wants to generate carbon offsets from new forests.  

• Compared to averaging, permanent forestry requires less land to facilitate the same level of 

carbon sequestration in the long term.  Because of this, the NPV associated with a scenario 

that includes permanent forestry is comparable if not better than the equivalent NPV under 

averaging. This is despite the NPV of permanent forestry being lower on a per ha basis. 

However, in the long term the risk associated with owning a permanent forest is likely to be 

higher than that of a forest managed for timber. 

In all cases planting on UC Pastoral Lease properties is assumed. This highlights the importance of 

starting to investigate where this could occur and communicating intentions with the existing lessees. 

All new planting is assumed to be in hybrid radiata pine. The wilding risk associated with this species 

is currently assumed to be low however this is not guaranteed.  

5.1 Further work 

• There is the opportunity to investigate using Cass to contribute to UC’s carbon neutrality goals 

through planting or facilitating natural regeneration of Mountain beech. 

• Further analysis of the regulatory environment and specifically the implications of the 

regulation in the Selwyn District plans. 

• Estimation of the actual carbon yield that can be expected from planting hybrid radiata in the 

high country environment and field work to determine the carbon sequestration of the 

Corsican pine forest at Mt Barker.   

• Further analysis of the scenarios presented in this case study could be undertaken considering 

additional constraints as applied by UC. This could include an idea of timeframes, budget, 

resource availability and stakeholder opinion to allow an action plan to be developed. 
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6.  CONCLUSION 

UC has set itself an admirable target of becoming carbon neutral by 2030 as part of the collective global 

effort to mitigate the effects of climate change. This is written into UC’s 2020 to 2030 Strategic Vision. 

This vision also sets the objective of developing a carbon sequestration programme to offset operating 

emissions and provide opportunities for forestry and business students to learn and leverage a 

commercial forest for research (University of Canterbury, 2020). 

This analysis has evaluated variations of three key carbon offset scenarios which use forestry at Mt 

Barker and/or UC Pastoral Lease Properties to achieve carbon neutrality. This has shown that UC has 

options to achieve carbon neutrality by 2030 and maintain this into the future. It is also clear that 

urgency is required in addressing this issue and that there are significant complexities associated with 

the options available to UC. As the client, UC should work with a Registered Forest Consultant to 

progress this project and fully evaluate these, and any other relevant offsetting options.   

It is likely that the best option is to enter the existing forest at Mt Barker into the ETS. Depending on 

objectives, this could be either the whole forest or the flats only. In doing so it must be recognised that 

the Mt Barker forest is an asset that will require continued management.  

If it is decided that the Corsican pine at Mt Barker must be removed, undertaking a bare land planting 

programme on UC Pastoral Lease Properties is superior to replanting Mt Barker for carbon. This is with 

regards to both carbon sequestration and cost. In this case gradual removal of the Corsican forest could 

continue in line with joint venture objectives and regulations as imposed by regional and national 

policies. In this case carbon sequestration from the current forest at Mt Barker could contribute to 

carbon neutrality only minimally because carbon credits accrued from the forest must be paid back at 

harvest. 

To conclude, there are a number of feasible options which could enable UC to achieve its target of 

carbon neutrality by 2030 using carbon offsets on its own land. If action is taken urgently, the 

estimated offset requirement of 6,525 tonnes each year from 2030 can be met.   
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8.  APPENDIX  

APPENDIX A. Definition of requirements for voluntary offsetting 

All voluntary offsets must meet the following seven requirements as described by MfE (2019a). 

1. Transparent: The details of a voluntary carbon offset and how the offset meets all the 

principles of voluntary carbon offsetting should be clearly stated and publicly available. 

2. Real, measurable and verified: The units used for the voluntary carbon offset represents a 

tonne of carbon dioxide (CO2) (or equivalent) emissions reduced or removed from the 

atmosphere, from tangible activities that have actually been implemented. The reduction or 

removal is supported by evidence from credible monitoring and reporting and should be 

verified by a third party. 

3. Additional: The GHG emissions reductions or removals are due to a specific intervention and 

would not have occurred under business as usual. It cannot be something that was going to 

happen anyway. 

4. Not double counted: Only one entity (country, company or person) can use the reduction or 

5. removal for achievement of their emission reduction or carbon neutrality goals. This means 

the reduction or removal cannot be double claimed or double used. 

6. Address leakage: The activity of reducing or removing emissions within the boundary of the 

credited activity does not result in increases to emissions elsewhere. 

7. Permanent: Reductions or removals must be maintained over time and be unlikely to be 

reversed. 
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APPENDIX B. Wilding spread risk calculator 

The following screenshot is sourced from Paul (2015). This displays the wilding risk assessment criteria 

for which must be evaluated for new plantings 
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APPENDIX C. Location of attenuata x radiata trials  

The location of trial plantings of Pinus attenuata x Pinus radiata as referenced in Dungey et al. (2013). 

• Naseby in Central Otago, 640 metres. 

• Craigieburn inland Canterbury 850 to 880 metres. 

• Molesworth inland Marlborough, 1000 metres. 

• Ribbonwood Station, 700 metres. 

• Balmoral Station in the Mckenzie Country, 730 metres.  

• Eyrewell on the Canterbury Plains, 160 metres. 

• Mt Barker near lake Coleridge, 600 metres. 
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APPENDIX D. MPI Carbon look-up tables  

Three carbon look-up tables used in this analysis. Source MPI (2017). 

Age Other Exotic 
Softwoods 

Canterbury 
Radiata Pine 

Douglas-Fir 

0 0 0 0 

1 0.2 0.2 0.1 

2 1 1 0.1 

3 3 2 0.4 

4 12 5 1 

5 26 15 2 

6 45 31 4 

7 63 53 7 

8 77 76 20 

9 87 101 33 

10 95 125 50 

11 106 139 69 

12 118 150 90 

13 132 158 113 

14 147 170 138 

15 163 186 165 

16 180 205 193 

17 197 226 222 

18 214 249 253 

19 232 274 268 

20 249 300 286 

21 266 326 307 

22 283 353 331 

23 299 380 355 

24 315 408 382 

25 330 435 409 

26 344 461 436 

27 359 488 445 

28 373 515 468 

29 387 542 493 

30 400 569 518 

31 414 595 545 

32 427 621 572 

33 440 647 597 

34 452 672 625 

35 465 697 650 

36 477 722 679 

37 489 746 704 

38 501 770 730 

39 512 793 730 

40 524 816 751 

41 536 839 772 

42 547 861 794 

43 559 883 815 

44 570 905 836 

45 582 926 857 

46 593 947 878 

47 605 967 898 

48 617 988 918 

49 629 1008 938 

50 641 1028 957 
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APPENDIX E. NPV Analysis 

Cost breakdowns for financial analysis. 

Retain Mt Barker 

Mount Barker - Retain Existing Year Cost (/ha) 

Overheads 
 

  

Insurance All 40 

Management  All 60 

Wilding control All 40 
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Clear and Replant Mt Barker 

Mt Barker - Replant Description/Inputs Year Cost (/ha) 

Clearing existing 
   

  

Clearance Felling & windrowing, 
assuming felling 1 
stem/min 

 
2022 4167 

  1000 stems/ha 
 

  

  60 stems/hr 
 

  

  16.7 hrs/ha 
 

  

  250.0 $/hr 
 

  

Spraying 10l roundup, 500 grams 
metsulfuron, 100 litres 
water 

 
2024 178 

  90 helicopter 
 

  

  18 metsulfuron 
 

  

  70 roundup 
 

  

Replanting 
   

  

Seedlings 0.7 $/stem 2025 700 

  1000 stems/ha 
 

  

Planting 0.75 $/stem 2025 750 

  1000 stems/ha 
 

  

Release spray Valzene500  
 

2025 165 

  15 l/ha 
 

  

  11 $/l 
 

  

Overheads 
   

  

Insurance 
  

All 40 

Management      All 150 
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Bare land planting 

Plant on Bare Land Description/Inputs Year Cost (/ha) 

Replanting 
   

  

Seedlings 0.7 $/stem 0 700 

  1000 stems/ha 
 

  

Planting 0.7 $/stem 0 700 

  1000 stems/ha 
 

  

Release spray Valzene500  
 

0 165 

  15 l/ha 
 

  

  11 $/l 
 

  

Land Prep Pre plant spray 
round up 

 
0 160 

  90 helicopter 
 

  

  70 roundup 
 

  

Overheads 
   

  

Insurance 
  

All 40 

Management      All 150 
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APPENDIX F. Unstocked area 

An example of the unstocked gaps mapped out on the Mt Barker hill. 

 

APPENDIX G. Selwyn District Council forest definitions 

Operative District Plan 

Plantation means any group of trees planted on a site, whether intended to be harvested or not, which 

are not classed as amenity plantings or shelterbelts. A plantation may be comprised of exotic or 

indigenous species and includes but is not limited to: forests planted for harvesting, conservation, soil 

erosion control, pest or wilding tree management, and any orchard, vineyard or woodlot which does 

not comply with the definition of amenity planting (refer also to the definition of Existing Plantation). 

Under the proposed District Plan  

Plantation Forest Has the same meaning as in Section 3 of the National Environment Standard – 

Plantation Forestry. Means a forest deliberately established for commercial purposes, being: at least 

1 ha of continuous forest cover of forest species that has been planted and has or will be harvested or 

replanted; and includes all associated forestry infrastructure;  

but does not include:  

a shelter belt of forest species, where the tree crown cover has, or is likely to have, an average width 

of less than 30 m; or forest species in urban areas; or nurseries and seed orchards; or trees grown for 
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fruit or nuts; or long-term ecological restoration planting of forest species; or willows and poplars 

space planted for soil conservation purposes. 

Woodlots means a stand of trees for the purposes of firewood, the creation of other wood products, 

a carbon sink, erosion control, pest, or wilding tree management purposes, but excluding plantation 

forestry. 

APPENDIX H. Location of suitable area on UC Properties 

Map from Google Earth 2021 displaying location of areas deemed as suitable for afforestation in this 

analysis.  
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APPENDIX I. Maintain Mt Barker, whole forest, no JV assumption 

Financial analysis and cashflow profile associated with maintaining Mt Barker under the ‘whole forest, 

no JV’ assumption and undertaking complementary planting. 

Area JV Regime Stumpage NPV ($) 

Whole Forest No JV Permanent 
 

-988,188 

Whole Forest No JV Averaging No -1,017,725 

Whole Forest No JV Averaging Yes -863,242 
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APPENDIX J. Replant Mt Barker carbon credit stock 

An indication of the carbon credit stock that would be developed if Mt Barker is replanted and 

complementary planting is undertaken using permanent forestry.  
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APPENDIX K. Replanting Mt Barker cashflows 

Cashflows (2022 - 2090) associated with replanting Mt Barker and undertaking complementary bare 

land planting to ensure carbon neutrality until 2075. 

 

APPENDIX L. Bare land planting programme 

An indication of the bare land planting programmes between 2021 and 2040. 
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APPENDIX M. Bare land planting cashflows 

Cashflows (2022 - 2090) associated with replanting Mt Barker and undertaking complementary bare 

land planting to ensure carbon neutrality until 2074. 
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