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SUMMARY
The purpose of the Waipa afforestation feasibility study is to assist with implementation of the
Waipa Catchment Plan (WCP) and the Waikato Waipa River Restoration Strategy. The study
evaluates alternative land use options that result in the establishment of semi-permanent
(woody) vegetation on erosion-prone land. Afforestation that is conducted on a catchment-scale
is well aligned with the WCP’s targets. It reduces soil erosion and thereby the transfer of
sediment to water. Forests do not generally require fertilisation and so no additional nutrients
are introduced. Stock access to waterways is limited.
To make confident decisions on land use requires sufficient information about the alternatives.
Plans prepared at a catchment level can provide a starting point for evaluating the management
alternatives for individual properties.
Profitable forestry, like profitable farming requires an appropriate infrastructure and processing
facilities that are not too distant. Consideration of the spatial distribution of a forest resource
becomes important. This study correspondingly employs a geographic information system (GIS)
as its primary framework. The analysis involves a series of GIS overlays to identify the area
across the catchment that would benefit from afforestation. Once the afforestation area is
identified, the economics of afforestation alternatives are evaluated. The options that have been
examined include the establishment of radiata pine, redwood, mānuka for honey products, or
natural reversion to indigenous forest. As applicable Indufor has also presented the potential
contribution of carbon-related revenues.
This report builds on previous tasks by further developing the ‘afforestation area’’ which defines
the area most suited for an integrated forest cover. This layer identifies approximately 42 000
ha, corresponding to 13% of the catchment area.
The afforestation area has been divided into a series of 20 ha grids, or planning units (plunits).
These provide modelling outputs at near property-level resolution. The plunits are populated
using results generated from a forest estate model. The model is designed to optimise possible
afforestation options and product flows given a series of assumptions.
For the Waipa catchment these assumptions include; physical parameters such as the area
available, afforestation option, the volume, or products produced. Financial parameters include
product prices, operational costs, production costs and the discount rate. Indufor has the most
confidence in the assumptions applied to the pine and redwood scenarios. The information and
assumptions used to model mānuka regime and subsequent returns rely on available literature
and market commentary. Indufor considers that the honey industry is still evolving with only a
few examples of large-scale enterprises being established – hence Indufor places less reliance
on the underlying assumptions used in this study.
Several scenarios have been produced and linked to the GIS to create spatial layers. These
layers can be used to illustrate the impact on the afforestation pattern due to price changes for
timber, honey and carbon. The impact of different discount rates has also been investigated for
the base scenario – three rates are compared 3, 5 and 7%.
A separate analysis calculates the Net Present Value (NPV/ha) by afforestation options for each
plunit. This enables a comparison of the four scenarios. The area available for afforestation has
been further refined by the removal of fragmented areas less than 20 ha. This reduces the
afforestation area to 38 000 ha.
The resulting afforestation area has been intersected with property boundaries to calculate the
afforestation area by farm. It is proposed that this overlay could be used to support catchmentscale afforestation planning efforts.
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2

INTRODUCTION
The Waipa Catchment Plan (WCP) has been developed to guide Waikato Regional Council
(WRC), Iwi and other stakeholders in the implementation of integrated land use management
across the Waipa catchment.
Figure 2-1: Waipa Catchment

The Waipa river occupies a catchment of 309 368 ha and ultimately flows into the Waikato river.
The Agribase 1 data identifies around 4 779 individual properties across the catchment. The
dataset includes enterprise information with about 2 286 properties involved in farming activities.
These properties cover an area of 244 000 ha with the average property size around 107 ha.
Current land use is dominated by pastoral farming (approximately 83%). The lower Waipa is
primarily occupied by dairy farming. In the middle to upper reaches there is more hill country

1

AgriBase ® records are maintained by AsureQuality New Zealand Ltd through routine contact with farmers and through updates of
property changes from Valuation Service Providers.Latest data dated 8th June 2017.

© INDUFOR: A15-10896 Waipa Afforestation Feasibility Study

6

involving sheep and cattle grazing. Smaller tracts of natural forest are located in the south east
and contribute around 11% of the catchment area. An overview by enterprise type is provided
in Figure 2-2.
Figure 2-2: Waipa Catchment Enterprise Classification

Analysis by NIWA and others suggests that between 64 000 and 74 000 hectares of the
catchment not occupied by forest cover is contributing disproportionately to sediment and other
contaminant loads in the Waipa and Waikato Rivers.
3

PROJECT OBJECTIVES AND DELIVERABLES
Planting more of the Waipa catchment in commercial forestry may assist in achieving the
Waikato River Authority (WRA) and WRC objectives while maintaining the economic base of
both individual land owners and the regional community. The project seeks to meet two broad
objectives:
1. Development of a web-accessible series of GIS ‘overlays’ identifying the location of the
optimal areas for integrated forest cover regimes in parts of the upper and western Waipa
catchment.
2. Development of template documents for forestry cost and profit sharing, should the
participation of external investors be warranted.
These objectives are divided into eight tasks, shown in Table 3-1.
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These are sequential and this report covers material relevant to task 5 and 6. Task 7 has not
been progressed at this stage. For the final task the WRC team have prepared a series of subcatchment sediment reduction maps. These maps use the afforestation area as an input.
Table 3-1: Project Tasks and Deliverables
No.

Description

Data collation

Collation of data and review

30/01/2017

Identify Waipa Catchment
Priority Areas

Generate a catchment-wide afforestation layer. This involves
processing of existing/recent data coverages including LiDAR
and aerial photography to improve the terrain characterisation
(slope and accessibility) and land cover mapping. The output
identifies those areas considered to provide the highest
afforestation benefit.

28/02/2017

3

Develop economic model
inputs and create spatial
economic model

Using the refined afforestation layer potential economic returns
from integrated afforestation options are examined. The
analysis recognises spatial data and forest estate model inputs.
The spatial components include measures of plantation
productivity, transport distances to public roads and processing
facilities and terrain-related harvesting costs. The economic
analysis includes the costs of growing and maintaining a forest
cover and the projected revenues.

30/04/2017

4

Generation of decision
support layers

This task divides the catchment into series of planning units to
provide a structure for the afforestation program.

30/04/2017

5

Afforestation planning
layers for WRC/WRA and
MPI

The layer produced in task 4 is used to prepare a coordination
plan for afforestation across the catchment. The output is
provided as spatial layer that ranks areas by their potential.

31/05/2017

6

Technical checklists, farm
map examples, field
evaluations

The study will provide an information pack that assists the WRC
in outlining the afforestation options available to land owners.
This would include a checklist, an application form and
examples of projected cashflows. It is expected that this material
will be used to assess landowner uptake (across 10 owners) and
to test if the materials provided are understood. After this
process, further refinements will be included as necessary.

30/06/2017

7

Revenue sharing and
sample agreements

Revenue sharing agreement templates will be produced for the
plantation forestry option.

30/06/2017

8

Assessment of estimated
reductions in sediment yield
from afforestation in priority
areas

As assessed through ongoing monitoring by WRC

30/06/2017

1

2

4

Completion
Date

Task

DATASETS & METHODS
Several datasets have been assembled to assist in identifying potential afforestation areas and
modelling of the afforestation options. These included recent land use and land cover maps
drawn from the Ministry for the Environment (MfE), the Ministry for Primary Industries (MPI) and
the Department of Conservation (DOC). These datasets have been evaluated and used to
exclude existing woody vegetative cover and subsequently updated using 10 m satellite imagery
to identify recent changes in land cover.
The afforestation layer refines the analysis by using further spatial data that describe the erosion
potential, water quality and terrain across the area. Additional datasets that characterise site
productivity, and that influence costs and revenues have been used as inputs to determine the
economic feasibility of the afforestation options. Several GIS layers which are based on the
modelling results have been generated. The purpose of these layers is to support catchmentscale afforestation planning efforts.
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The following process diagram identifies the dataset and links between the various project tasks.
Figure 4-1: Datasets & Method

Project Extent
1.Waipa Catchment

Afforestation Layer

Land Use and Cover
1. Existing Land cover and
use

1. Soil Conservation Layer

2. Satellite
Imagery

3. Terrain Slope

and

Aerial

2. Water Quality Layer

4. NZLRI
*

Other ancillary layers

Productivity Layers
Literature &
Reports
1. Technical guides
2. Science reports
3. Cost information

1. Radiata pine (300 Index)
2. Redwood (400 Index)
3. NZRLI
4. Aspect and altitude

4. Market information
Economic Factors &
Sensitivity Analysis
1. Transport distance
2. Costs

Spatial Planning Layers
1. Afforestation scenarios
2. Decision support layers
3. Planning layers

3. Market prices
4. Discount rates
Checklists and Templates
1. Checklists and Examples
2. Legal templates
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5

DEFINING THE AFFORESTATION AREA
The most workable targets for afforestation include those areas in the upper Waipa catchment
that are currently predominantly pastoral land. They are located on sloping terrain that is
susceptible to erosion and nutrient runoff.
The analysis uses four primary layers to identify this area, as outlined in Table 5-1. They link to
existing spatial models that identify at-risk areas and have been updated to consider 2016 land
use and cover.
Table 5-1: Area Selection Datasets
No.

Dataset

1

Soil
Conservation
Model

2

Water Quality
Model

Description
Spatial models that identify the soil conservation status
and water quality. These models were prepared under
Waikato Regional Prioritisation Project (WRPP) and use
a series of inputs to classify the catchment area. The
ranking values range from 0 to 1.3 for the Soil
Conservation layer and 0 to 1.003 for the Water Quality
layer.

3

NZLRI

The Land Resource Information System comprises the
physical resource themes of land use capability,
lithology, and soil. These themes are founded on the
New Zealand Land Resource Inventory (NZLRI), a single
spatial (polygon) layer with national coverage,
supplemented with numerous soil survey layers of local
coverage.

4

Land use and
cover (MfE
LUCAS)

New Zealand wide land use classification (12 classes)
prepared and maintained by Ministry for the
Environment. The layer can be used to produce land use
maps as of 1990, 2008 or 2012. Land use changes have
been updated using recent aerial photography

Threshold /
exclusion
All area with modelled
soil
conservation
factor less than 0.015
were identified.
Used
only

for

reference

NZLRI
land
use
capability score > 6e4

All forested areas
excluded exotic and
natural
and
settlements

The area selection datasets were incorporated in to a GIS environment and clipped to the Waipa
catchment boundary.
The afforestation area was defined principally by evaluating the WRPP Soil Conservation model
(Figure 5-1). This a spatial model that identifies areas at risk of soil erosion2 as shaded in yellow
to red. Lower risk areas are shaded blue. The main at-risk areas are located on land with a
slope greater than 11°.
Further adjustments were applied after a review of the Water Quality model, which relates
closely to the Soil Conservation Layer and the NZLRI index. The NZLRI index is a widely
recognised dataset that provides a common framework for classifying land use potential. The
index (LUC) ranges from 1 to 8. In this study, any values greater than 6 were targeted as this
class represents erosion prone steeper land. Subclass suffixes identify additional limitations
such as steepness, wetness, limited soil fertility, poor texture, and susceptibility to erosion – in
this case areas identified with the e4 subclass were selected.
The analysis of the first three datasets (Soil and Water Quality models and NZLRI) eliminated
areas located on flatter land in the lower part of the catchment and any areas under existing
tree cover. Further areas of tree cover were identified and removed using the LUCAS land cover
dataset. This layer identifies three forest classes – exotic plantations planted pre-and-post 1989
and natural forest. Recent aerial photography and satellite images were consulted to update the
2012 LUCAS map for any change.

2

Areas excluded where the Soil Conservation values exceeded 0.015.
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The following maps illustrate two of the datasets used to identify the afforestation area. The
first map provides an illustration of the Soil Conservation classification for the catchment.
Figure 5-1: Waipa Catchment Soil Conservation Risk Potential
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The second map shows the MfE LUCAS classification (Figure 5-2) which shows the location of
forest cover within the catchment. The 2012 classification shows that most of the forest cover is
indigenous with the largest tracts close to the forest parks - Pirongia in the west and Pureora to
the south east.
Figure 5-2: Waipa Catchment LUCAS Land use and Cover Map
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6

AFFORESTATION AREA CHARACTERISTICS
The afforestation area includes 899 properties that are primarily pastoral land. According to the
Agribase database these properties occupy an area of 144 000 ha. The major land use is sheep
and beef (62%) followed by dairy (31%) with the average property size 160 ha
For any given property, the afforestation area only includes any ‘at-risk areas’ as identified
during the area selection process. This process allocates approximately 42 000 ha - an area
equivalent to 13% of the Waipa catchment.
The corresponding land use class (LUC) across the afforestation area range from 6 to 8, with
80% of the area classified as LUC 6, 19% as LUC 7 and remainder LUC 8. Sheep and beef
properties dominate the higher LUC scores. The mismatch between the afforestation area and
the area presented in Table is a result of different data sources. The 40 232 ha is calculated
from the Agribase dataset which omits some features.
Table 6-1: Afforestation Area Land use by Classification

Land Use
Enterprise

Land use Class
6

7

Total Area
(ha)

8

Area (ha)
Dairy
Sheep and Beef
Other farming
Other
Total Area (ha)

6 400

1 391

4

7 795

23 475

5 914

210

29 599

1 069

175

0

1 244

1 185

363

45

1 593

32 130

7 843

259

40 232

The location of the afforestation area and distribution of the three LUC is provided in Figure 6-1.
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Figure 6-1: Afforestation Area by LUC
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MODELLING AFFORESTATION ALTERNATIVES
The first step in the modelling is to divide the afforestation overlay into a series of 20 ha grids
(~11 000), referred to in subsequent modelling as planning units (plunits). This process creates
a common modelling framework that enables the integration of other information involved in
economic analysis.
The area assigned to each plunit affects the granularity of the analysis and resulting maps. For
more precise modelling, areas should be small, However the larger the number of plunits, the
greater the processing time for forest estate modelling. A satisfactory compromise is offered by
a resolution of 20 ha. This offers sufficient detail to demonstrate the different afforestation
options.

7.1

Afforestation Area Selection
Prior to running the model, the site requirements for each afforestation option were evaluated.
Spatial layers that summarise site characteristics (slope and aspect) or proximity to existing
forest cover are applied in combination with known factors that limit productivity to further refine
the area suitable for each afforestation option.
The following table outlines the selection constraints as applied to each option and shows the
area potentially available to the model for each afforestation option.
Table 7-1: Afforestation Area Selection
Afforestation
Option

Area Selection
Constraint

Description

Potential
Afforestation
Area

Radiata pine
(framing and
clearwood)

None

Tolerates a range of site conditions
and across the afforestation area no
limitations are noted

41 986

Redwood

400 Index > 20 m
tree height

Using the forest productivity Index
developed for Redwoods sites >20
m tree height used

37 614

Mānuka honey
production

NE or NW aspect

Based on literature review that
indicates sunnier, sheltered NE or
NW slopes are more productive in
terms of honey yield than south
facing slopes.

14 561

Indigenous Forest
Reversion

200 m from other
indigenous
vegetation

Areas considered for natural
reversion are more likely to be close
to existing vegetation.

36 116

The results by option, shows that radiata pine is the most versatile afforestation option due to
its tolerance of varying site conditions. The siting of redwoods is restricted to those sites with
site indices greater than 20 m, which leads to the exclusion of around 4 500 ha. The only
limitation placed on the natural reversion option is proximity, or distance from remnant forest.
This constraint uses the natural forest extent as mapped by the LUCAS LUM GIS layer, applies
a 200-m buffer to select adjacent areas. Approximately 36 000 ha met this criterion indicating
that most of the afforestation area is within 200 m of existing natural forest cover.
Mānuka afforestation is limited to 14 561 ha of land that has north, or north-west aspect. For
reference the following example (Figure 7-1) shows those plunits which are considered suited
to afforestation with mānuka. The areas not selected do not satisfy the aspect criteria
prescribed.
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With regards to registration in the New Zealand Emissions Trading Scheme (ETS), there are
several requirements for a plantation to qualify as eligible post-1989 forest land3. Forest land is
defined as at least one hectare of land established with forest species which has, or is likely to
have:
•

Tree crown cover of forest species of more than 30 percent in each hectare.

•

An average width of tree crown cover of at least 30 metres

Interested parties in registration to the ETS must also provide evidence to demonstrate that the
post-1989 forest land:
•

was not forest land on 31 December 1989; or

•

was forest land on 31 December 1989 but was deforested between 1 January 1990 and
31 December 2007; or

•

was pre-1990 forest land that was deforested on or after 1 January 2008, and any ETS
liability has been paid.

For the purposes of this project, the land eligibility was determined based on a spatial analysis
of the LUCAS layers. The plunits deemed as eligible were those not including any forest type
before 1990. As explained in the paragraphs above, if a land owner decides to register in the
NZ ETS, further investigation and evidence will be required to ensure each land owner meets
the land eligibility requirements.
Figure 7-1 Example Afforestation by Plunit Suitability

3

https://www.mpi.govt.nz/growing-and-producing/forestry/forestry-in-the-emissions-trading-scheme/
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7.2

Afforestation Model
Indufor used a forest estate model to rationalise possible afforestation options and product flows
in the plunits given a series of assumptions. In the current model, all plunits are assumed to
start as pasture with optimisation routine selecting the afforestation option that provides the
highest return (NPV).
For the Waipa catchment the assumptions included:
•

•

physical parameters:
o

area available

o

afforestation option by management regime

o

products produced

o

yield or volume by product

financial parameters:
o

product prices

o

operational costs

o

production costs

o

discount rate

Several constraints are applied to regulate the optimisation process. These include:
1. Setting the modelling period to 80 years to ensure two rotations of redwoods are
achievable.
2. Restricting the total annual afforestation area to 5 000 ha per year to reflect realistic
establishment targets.
3. Smoothing constraints are applied to the model to prevent unrealistic fluctuations in
supply, both from a market absorption, and production perspective.
4. A non-declining yield constraint was applied to P.radiata and redwood volumes
5. The carbon revenues are estimated for the plunits deemed as eligible post-1989 land
(Section 7.1) assuming these will be registered in the ETS. The carbon price has only
been included in the optimisation process for the option that reverts to indigenous
vegetation.
For the radiata and redwoods regimes, the carbon revenues are estimated based on
the wood flows that result after the optimisation.
6. A notional rental is charged to the land, whether it is in pasture or one of the afforestation
options (similar to a land opportunity cost).
7. The assumed price point for the pine and redwood options is ‘delivered to mill/plant’ As
such, the transport costs by potential distances to the markets are included
8. The assumed price point for the mānuka-honey options is also delivered though the
transport cost is not explicitly modelled. Transport costs are incorporated in the annual
hive management costs and do not vary by location.
7.3

Information Sources
Data included in the modelling relating to radiata pine, has generally been derived from Indufor
internal databases. These contain information from the majority of large forest owners in New
Zealand. The model inputs are based largely on information from forest owners in the central
North Island and represent industry averages.
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Data for redwood is based on publicly available information, though, with redwood being less
widely planted and processed than radiata pine in New Zealand, there is a lower level of
confidence in the model inputs than for radiata pine.
Model inputs for mānuka-honey have been derived from a range of public domain sources but
the mānuka and kānuka plantation guide prepared by Boffa Miskell4 has been a key reference
document. This has been supplemented with information obtained directly from industry
participants.
8

MODEL INPUTS

8.1

Yields

8.1.1

Pinus radiata Yields
Radiata pine yields are largely based on yield tables incorporated in the National Exotic Forest
Description (NEFD) for the central North Island. Separate yield tables are provided for pruned
and unpruned regimes. Indufor has made adjustments to these to reflect the relative productivity
of each area based on the 300 Index5. Areas are grouped into one of five yield classes, with
pruned and unpruned yield projections developed for each productivity class:
•

300 Index less than 25m3/year

•

300 Index 25-30m3/year

•

300 Index 30-35m3/year

•

300 Index 35-40m3/year

•

300 Index greater than 40m3/year

The NEFD yield projections also only provide a very broad breakdown of log types (sawlog,
pruned and pulp). Indufor has refined these to provide estimates by commonly sold log grades
(e.g. S30, A-grade) based on observed log grade outturns.
8.1.2

Redwood Yields
Indufor has used a New Zealand growth model 6 for redwood to develop volume forecasts.
Indufor has commonly observed that volume forecasts developed using growth models need to
be adjusted to reflect levels that are actually achieved. A 30% reduction in the growth model
estimates has been applied. This is slightly higher than the difference observed for radiata pine,
but given redwoods greater site sensitivity and greater uncertainty over the reliability of the
growth models, Indufor believes a larger adjustment is warranted.
As with radiata pine, different yield estimates have been developed based on the inherent site
productivity (as estimated by the 400 Index7). Six productivity classes were applied:
•

400 Index 20-25m3/year

•

400 Index 25-30m3/year

•

400 Index 30-35m3/year

4

Boffa Miskel (2017); The Mānuka and Kānuka Plantation Guide; April 2017

5

The “300 Index” is a measure of site productivity for radiata pine and is defined as the mean annual volume increment
at age 30 years for a defined reference regime of 300 stems per ha.

6

New Zealand Redwood Growth Model version 4.1

7

The 400 Index is the mean annual volume increment at age 40 for a stocking of 400 stems per ha

© INDUFOR: A15-10896 Waipa Afforestation Feasibility Study

18

•

400 Index 35-40m3/year

•

400 Index 45-50m3/year

•

400 Index 50+m3/year

The predicted volumes are based on a final crop stocking of 400 trees/ha.
8.1.3

Mānuka Honey Yields
Boffa Miskel (2017) suggest:
“Warm, sheltered, north-facing sites have a notable advantage over cooler southfacing sites and exposed sites for hive health and honey production. Site aspect is
one of the key factors in determining hive performance”.
Indufor, however has been unable to attain information on the extent to which yield varies by
site. We have therefore adopted a conservative approach and only allowed mānuka to be
established on sites that are predominantly north-facing (at least 30% north-east aspect and
70% or greater northerly aspect) or have generally flat topography.
The Boffa Miskel report suggests that while honey yields generally vary from 25-35kg/hive of
honey per year, the average for mānuka is around 23kg/hive (though this is highly variable
ranging from 15-52kg/ha). Honey production commences when mānuka is around 3 years of
age and reaches maximum levels at about age 6 but will decline from about age 10. The Boffa
Miskel report indicates best practice is to have 1 hive per ha, but discussions with industry
participants suggest it is possible to have 1.5 hives per ha with an average honey yield of
30kg/ha (i.e. about 20kg/hive).
Indufor have assumed a yield of 23kg per hive with 1.5 hives per ha will be possible with planted
mānuka that has been selected for improved flowering. Honey yields are assumed to commence
at age 3 at 50% of this yield, increasing to 75% at age 4 and 100% by age 5. Yields are decrease
linearly from age 10 to age 15 at which point it is assumed no honey will be produced (stands
of mānuka are cleared and allowed to regenerate prior to age 15).

8.1.4

Carbon Yields
The carbon yields were estimated based on the volume estimated for radiata pine and redwoods
(explained on Section 8.1.1 and Section 8.1.2, respectively). The carbon sequestration includes
the above ground biomass (AGB) and below ground biomass (BGB).
For radiata pine, the AGB was estimated by multiplying the volume and the Biomass Conversion
and Expansion Factor for the species in New Zealand (0.68-0.70). The BGB was calculated
using a BGB/AGB ratio of around 21%. These biomass calculations were converted to carbon
using a carbon fraction of 0.51 which is consistent with the National Greenhouse Gas (GHG)
inventory, and subsequently converted to carbon dioxide (CO 2/ha) using a factor of 3.67.
The percentage of emissions or stem release was estimated from the Waikato / Taupo look-up
tables, which is around 53%-55% from age 20.
Redwood carbon sequestration was based on the estimates from modelling with the New
Zealand Redwood Growth Model version 4.18.
The regime for indigenous reversion uses the post-1989 look-up table for the NZ ETS.

8

Future Forests Research, New Zealand Redwood Growth Model version 4.1 uses models developed by Mark
Kimberley, Peter Beets, Mina van der Colff and Mark Dean of Scion, last updated June 2011
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8.2

Land Value Treatment and Notional Rental
Indufor has assumed the area available for the project is freehold land. If the land was leasehold
there would be some form of payment: upfront payment, an annual rental, or a share of revenue.
Leasehold options therefore have explicit costs for the use of the land that is paid by the treegrowing venture.
Freehold land costs are less clear. There are currently two approaches:
•

The first approach recognises that the presence of the tree crop means that the land cannot
be used for any other purpose until the trees are removed. The land is therefore
encumbered and so must have a lower value than if it was bare and available for other uses.

•

The second approach proposes that while no explicit rent is in place, it is readily feasible to
recognise a notional rent. Such a rent means that the land has a hypothetical income
stream, and its value is maintained rather than diminished. The tree crop is accordingly
charged with the same rent, and its value is reduced as a result.

Indufor has used the second approach in this analysis and applied a notional rental to all the
land areas assessed. The rental applied varies according to the site productivity as measured
by the 300 Index as show Table 8-1. These are in line with the range of rental rates observed
for forestry and other land uses.
Table 8-1: Notional Land Rentals Applied in Modelling
300 Index Class

8.3

Land Rental
(NZD/ha)

20-25

60

25-30

90

30-35

120

35-40

150

40-45

180

Cost Assumptions
Indufor included average industry costs as applicable. These cover establishment and tending
operations, production costs (harvesting, road construction and maintenance, and cartage
costs) and overhead costs associated with forest management.

8.3.1

Establishment and Tending Costs
Table 8-2 presents the establishment cost assumptions by afforestation option. Planting costs
include the cost of seedlings and the labour associated with planting. The per hectare cost
depends on the number of seedlings planted. For radiata pine and redwood it is assumed
around 800 trees/ha will be planted, while for mānuka the initial stocking will be 2500 trees/ha.
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Table 8-2: Establishment & Silvicultural Costs by Afforestation Option
Age

Cost

Radiata Pine Radiata Pine
Clearwood
Framing

Redwood

Mānuka
Honey
Production

Indigenous
Forest
Reversion

NZD/ha
Land Preparation

0

625

625

625

612

Fencing

200

Planting

0

743

743

1 700

3 000

Weed control

0

206

206

206

206

Fertiliser

0

138

138

250

Blanking

1

17

17

Release

2

4

4

Fertiliser

2

14

14

206

Hive purchase

1000

Dothistroma control 5,7,9

35

Thinning

7

Prune - 1st

6

900
400

Prune -

2nd

(Pine)

7

Prune -

2nd

(Redw.)

8

Prune – 3rd (Pine)

8

Prune – 3rd (Redw.)

9

Thinning (Pine)

9

Thinning (Redw.)

11

Total

8.3.2

1 155

35
488
900
840

400
780
500
500
4 050

2 340

6 000

1 970

1 355

Other Costs Associated with Honey Production
For mānuka planting option, costs are included for hive management of NZD350/hive/year.
Hives are assumed to be replaced every 10 to 15 years. It is also assumed the mānuka will be
cleared at some time between the ages of 10 to 15 years (as honey production declines) to
allow the mānuka to regenerate. This is assumed to cost $500/ha with no further costs as it is
assumed the mānuka will naturally regenerate.

8.3.3

Log and Load Costs
Log and load costs typically include the processes of extraction, log-making and loading onto
trucks at the forest. Overall logging expenditure is influenced by the unit costs (NZD/m3) for
specific operations and the physical features of the resource which impact on the type of
operations used.
Based on soil profile, the timber harvest could be cable-based operations on steep land (>15°
slope), and the remainder ground-based. A unit harvest rate of NZD35/m3 for hauler operations
and NZD20/m3 for ground-based operations has been assumed.
These assumed harvest rates are in line with the industry benchmarks ranging from NZD30/m3
to NZD40/m3 for hauler operations, and NZD18/m3 to NZD30/m3 for ground-based operations in
New Zealand.
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8.3.4

Harvest Roading Costs
The harvest roading costs cover repairs and maintenance of harvest roads during use when
harvesting, and also an allowance for capital expenditure on new roads and landings. Table 7-3
presents the harvest roading costs applied to the pine and redwood options by slope.
Table 8-3: Harvest Roading Costs applied to Pine and Redwood Options by Slope
Operation
Harvest Roading
Road Maintenance (during harvest)

8.3.5

Steep Terrain

Flat Terrain

NZD 3 750/ha

NZD 2 000/ha

NZD 5/m3

NZD 2.5/m3

Cartage Costs
Log transport costs cover the direct costs of log transport from landing to mill gate. Indufor’s
model includes the optimisation of log allocation and therefore cartage costs from the forest
block to a specific market are employed within the model. Cartage expenditure is determined
by the unit rate (NZD/m3/km) and the average lead distance (km).
Five potential destinations were included in the model: Port of Tauranga, Port of Taranaki,
Tregoweth Sawmill (Waikato), Red Stag Timber Sawmill (Rotorua), and Carter Holt Harvey
Plywood (Tokoroa). Indufor has used a rate schedule consistent with that observed for other
forest owners in the central North Island (Figure 7-2).
Figure 8-1: Transport Rate Schedule

8.3.6

Overhead Costs
Indufor has applied two categories of overhead – those most appropriately applied on a per ha
basis and those that relate to harvesting activities and are generally more related to the volume
harvested (and therefore modelled on a per m3 basis).
The per ha costs are intended to cover activities such as forest management staff costs,
administration, business support, environmental compliance costs and information technology.
Also included are external professional service expenses, office rental, rates,
telecommunications and other office expenses, depreciation of assets, public relations, health
and safety, local authority taxes/rates, and fire protection. The extent to which these activities
will be undertaken internally or outsourced will be dependent on the size and structure of the
forest owner, but are costs that will be incurred either directly or indirectly. A cost of NZD100/ha
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has been assumed for all regimes, with the exception of the indigenous reversion option where
it is assumed a lower level of active management will be required (NZD75/ha applied)
The cost applied per m3 covers the management and supervision of harvesting operations, and
the costs of marketing and selling the logs. It does not include any export marketing
commissions, as these are deducted from the wharf gate prices for export grades. These
expenses are influenced more by volume than area. The harvest management overhead cost
assumed is NZD4/m3.
8.3.7

ETS Participation Costs
The costs of participation in the ETS assumed are summarised in Table 8-4. It was assumed
that the participation would be at a minimum area of 100 ha. At this scale the owner is required
to follow the Field Measurement Approach (FMA) to estimate the carbon yields.
Table 8-4: NZ ETS Participation and Compliance Costs included
Cost Items & Assumptions

Costs

NZ ETS Registration Costs (Registration fee & processing 10 hours)
Annual Administration Costs9

NZD1 900
NZD31.50/ha/annum

8.4

Prices

8.4.1

Radiata Log Price Assumptions
Prices for radiata pine are based on those reported in early to mid-2017. Prices are delivered to
mill or wharf gate.
Table 8-5: Assumed Radiata Pine Log Prices
Log
grade

Market

Domestic
mills

Export

Pruned/ Unpruned

Log small
end
diameter
(cm)

Maximum
branch/knot
size (cm)

Modelled
price
(NZD/m3)

P40

Pruned

40

0

190

P35

Pruned

35

0

150

S30

Unpruned

30

6

125

S20

Unpruned

20

6

118

Pulp

Unpruned

10

No limit

50

P40

Pruned

40

0

190

P35

Pruned

35

0

150

A

Unpruned

30

10

135*

K

Unpruned

20

15

125*

KI

Unpruned

26

25

120*

Pulp

Unpruned

10

No limit

55

* Prices presented are for Port of Tauranga. Exports through Port of Taranaki are assumed to be $5/m3 lower for A and
K grade and $10/m3 lower for KI.

9

Hughes, R.; Molloy, P. (2017). Is the ETS worth the carbon it is written on for small scale forest owners. NZ Journal
of Forestry 2017, vol.61 no. 4. p.33-36. The administration cost is estimated at NZD3 150 for 100 hectares. This includes
record keeping, FMA plots and data entry, annual return preparation and filing.
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8.4.2

Redwood Log Price Assumptions
Given few redwood logs are currently milled in New Zealand, there is very little current log price
information available. A limited amount of pricing data is available for cypresses (Cupressus sp),
which has some similar applications to redwood sawn timber. The available information
suggests macrocarpa logs currently trade at approximately a 20% premium to equivalent radiata
grades. Indufor has assumed a similar premium will exist for redwood logs, though this will be
strongly influenced by the supply-demand balance that develops over the next 30 years.
Table 8-6: Assumed Redwood Log Prices
Market

Domestic
mills

8.4.3

Log
grade

Pruned/ Unpruned

Log small
end
diameter
(cm)

Maximum
branch/knot
size (cm)

Modelled
price
(NZD/m3)

P40

Pruned

40

0

228

P35

Pruned

35

0

180

S30

Unpruned

30

6

150

S20

Unpruned

20

6

142

Mānuka Honey Price Assumptions
Honey prices are highly variable, especially for mānuka honey which is dependent on the level
of unique mānuka factor (UMF) in the honey. Price ranges reported by the Ministry of Primary
Industries are summarised in Table 9-2. Boffa Miskel (2017) suggest prices for mānuka honey
can range from NZD16/kg (for low UMF honey) to over NZD60/kg. For the base case Indufor
has assumed a price of NZD60/kg as it is assumed mānuka varieties will be planted that yield
high UMF honey. Under Scenario 3 the average honey price is assumed to be higher at
NZD70/kg.
Table 8-7: Bulk Honey Prices10
Year

2014/15
NZD/kg

2015/16
NZD/kg

Light (clover type)

7.00-10.75

9.50-13.00

Light amber

7.00-9.00

9.00-11.50

Dark, including honeydew

7.00-12.50

8.00-14.50

Mānuka

9.50-116.50

12.00-148.00

Honey type

8.4.4

Carbon Price Assumptions
The price of carbon has steadily increased since 2015. In the near to medium term, the
increased demand may well keep the New Zealand Unit (NZU) prices reasonably high. In the
longer term, however, the prospective of carbon prices remain uncertain.

10

Prices paid to beekeepers for bulk honey. The beekeepers supply the packaging (drums or intermediate bulk
containers) and cover freight costs to the buyer’s premise.
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The most reliable representation of the current market remains the spot NZU price, which is
around NZD17.9/NZU as at 17 August 2017. Near term forecasts indicate the spot NZU could
be around NZD23/NZU11 by 2023.
Indufor has used the current prices at NZD18/NZU at a constant rate as a base carbon price.
Higher carbon prices were used in scenario analysis to demonstrate the effect in the revenues
for the different regimes. The high carbon price assumed was NZD50/NZU at 2030, based on
government forecasts assumptions12.
Figure 8-2: NZUs Spot Price History (2014-2017)

Source: CommTrade Carbon.

9

MODEL SCENARIOS
The modelling process starts by allocating measures of productivity, cost and revenue to each
plunit.
The key assumptions used for the base analysis include productivity measures (timber and
honey) and the transport distances to public roads and processing facilities as relevant for timber
options. It also captures the terrain-related information required to calculate extraction and
harvest roading costs. The economic analysis recognises afforestation costs and anticipated
revenues.
Four additional scenarios model the impact of increasing timber, honey and changing carbon
prices on area afforested to each regime.
The differing assumptions for each scenario are summarised in Table 9-1.

11

12

www.commtrade.co.nz
http://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/INDC_cabinet_paper_for_public_release.pdf
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Table 9-1: Model Scenarios
Base Case
Key
Assumption

Radiata pine
regime

Redwood
regime

Mānuka honey
production

Log
Grade

$/m3

P40

190

P35

150

S30

125

S20

118

A

135 (Tauranga)
130 (Taranaki)

K

125(Tauranga),
120 (Taranaki)

KI

120(Tauranga),
110 (Taranaki)

Pulp

55

P40
P35
S30
S20

Scenario
1

Scenario
2

Scenario
3

Scenario 4

Pine
Timber
Price
Increases

Redwood
Timber
Price
Increases

Honey
Prices
Increase

Carbon
Prices
Change

Long term
prices are
10%
higher (in
real terms)
than the
base case

Base

Base

Base

Base

30%
premium
over
equivalent
radiata
grades

Base

Base

Base

Base

20% premium
over equivalent
radiata grades

1.5 hives/ha and 23kg
honey yield/hive/year.
Price $60/Kg

Carbon price
(NZD/tCO2)

$18

Base

Base

Price
$70/Kg

Base

NZU $50 by
2030 and
Base
stable
thereafter

* The intensive management option also assumes a nominal income from mānuka firewood when the mānuka is cleared
and allowed to regenerate at age 10 to 15. Assumed to yield around 30m3/ha with a net (stumpage) return of $5/m3.

9.1.1

Scenario 1 – Improved Pine Prices
Figure 9-1 shows the trend in domestic log prices over the last 12 years and Figure 9-2 illustrates
historic movements in export log prices. It should be noted that both are nominal prices with no
adjustment for inflation. Indufor has adopted prices close to current levels, and in the base case
has assumed there will be no real price appreciation in the long term.
In Scenario 1 the impact of pine prices being around 10% higher in real (inflation adjusted) terms
in the long term (when the crop is harvested) is modelled.
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Figure 9-1: Domestic Log Prices – Central North Island

Figure 9-2: Export Log Prices – Tauranga

9.1.2

Scenario 2 – Improved Redwood Prices
Given very little redwood is currently harvested or processed in New Zealand, future log price
levels are highly speculative. Indufor has used current macrocarpa (Cupressus species) log
prices as a guide, though there is limited publicly available price information for this species
also. Indufor has estimated that the price premium over equivalent radiata grades is around
20% and has used this in the base case. Pricing of redwood will be dependent on development
of either a domestic processing industry or an export log market. While it may be used in some
of the applications were macrocarpa is consumed, it is more likely to compete with imported
western red cedar in end uses such as weatherboards, shingles and joinery; applications where
it is used in North America.
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Scenario 2 assesses the impact on the optimal planting results if redwood logs were priced at a
30% premium to radiata.
9.1.3

Scenario 3 – Improved Honey Prices
For the base case Indufor has assumed a price of NZD60/kg on the basis that the manuka
varieties planted will yield honey with a high UMF. Under Scenario 3 the average honey price is
assumed to be higher at NZD70/kg. This could be due an improvement in honey prices or
production of honey with a higher UMF (and therefore demanding a higher price).
Table 9-2: Bulk Honey Prices13
Year

2014/15
NZD/kg

2015/16
NZD/kg

Light (clover type)

7.00-10.75

9.50-13.00

Light amber

7.00-9.00

9.00-11.50

Dark, including honeydew

7.00-12.50

8.00-14.50

Mānuka

9.50-116.50

12.00-148.00

Honey type

9.1.4

Scenario 4 – Higher Carbon Prices
As described in Section 8.4.4, the base case assumes a price for carbon of NZD18/NZU at a
constant rate. Under Scenario 4 the impact of future price increases for carbon are modelled.
This assumes an increase to NZD50/NZU at 2030 and remaining at that level beyond that.

10

DISCOUNT RATE
The discount rate chosen to evaluate investment alternatives, has a significant influence on
which option has the highest net present value. Lower discount rates tend to favour investments
with shorter timeframes, revenues earlier in the investment period and lower initial costs. For
the afforestation options evaluated, higher discount rates would tend to favour:
•

honey (incomes are achieved relatively quickly),

•

carbon (early initial income and the reduction in future liabilities at the time of harvest
due to the higher discount rate), and

•

Radiata framing regimes (lower initial costs)

Lower discount rates tend to favour:
•

Redwood (the negative affect of a longer rotation is less)

•

Pruning regimes (it is more likely the returns from the investment in pruning will exceed
the discount rate).

Indufor has therefore evaluated the resulting land use options based on three different discount
rates14:

13

Prices paid to beekeepers for bulk honey. The beekeepers supply the packaging (drums or intermediate bulk
containers) and cover freight costs to the buyer’s premise

14

The discount rates have been applied to real, pre-tax cashflows from multiple rotations.
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11

•

A base rate of 5% has been used to compare the various scenarios described in Section
7. The rate of 5% is in line with rates of return that could reasonably be expected from
“greenfields” investment in forestry in New Zealand.

•

A rate of 3% has also been tested. This rate is closer to the rate of return that could be
achieved from farming on this type of land and is roughly equivalent to the rate of return
that could be achieved by investing in bank deposits (so is a reasonable proxy for the
opportunity cost).

•

A rate of 7% which is closer to the internal rate of return from the better forests in New
Zealand. Discount rates inferred from purchases of existing forest assets are also
currently around this rate.

RESULTS
The focus of the model is to select the afforestation option that maximises the financial return of
each plunit. The following table provides a summary of the area afforested by regime and how
it changes as pricing assumptions are altered.
Generally, the model favours pine as the optimal afforestation option which is the case across
all scenarios. The 5% increase in redwood timber prices (Scenario 2) encourages a shift with
the model opting to increase the area of redwood. The increase in honey price shifts areas of
afforestation from the timber options to honey.
The model elects not to establish any areas to Indigenous forest reversion. Carbon is the only
revenue stream assumed for this option which means it is financially less attractive than
afforestation options that include revenue from timber or honey. The remains the case in
Scenario 4 (where a NZU price of $50 is reached by 2030). At a price of $70 per NZU by 2030
approximately 100 ha reverts to indigenous and at $100 per NZU around 9800ha is established.
Table 11-1: Afforestation Area by Scenario

Afforestation
Option

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Pine Timber
Price Increases

Redwood
Timber Price
Increases

Honey Prices
Increase

Carbon
Prices
Change

Base Case

Area (ha)
Clearwood

23 396

27 058

18 749

22 347

23 396

Framing

7 060

9 791

5 001

6 957

7 060

Redwood

5 468

808

12 348

4 587

5 468

Mānuka honey
production

6 040

4 306

5 867

8 073

6 040

0

0

0

0

0

41 986

41 986

41 986

41 986

41 986

Natural
Reversion
Area ha

11.1

Impact of Changing Scenario Inputs
As described in Section 8, the choice of discount rate also influences which afforestation option
is chosen. Table 9-2 summarises the area allocated to each regime under various discount
rates. Lower discount rates tend to favour redwood, because of the longer rotation lengths.
Lower rates also tend to favour clearwood regimes, because it is more likely the investment in
pruning will result in an increase in revenue at the time of harvest that justifies the investment
(i.e. achieves a rate of return on the pruning investment that exceeds the discount rate and
increases the NPV). The production of honey is favoured by higher discount rates because of
the short time frame before revenue generation commences.
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Table 11-2: Afforestation Area – Influence of Discount Rate

Afforestation Option

3% Discount
Rate

Base Case (5%)

7% Discount
Rate

Area (ha)
Clearwood

23 418

20 698

22 369

Framing

7 060

955

6 957

Redwood

5 468

18 235

4 587

Mānuka honey production

6 040

2 097

8 073

0

0

0

41 986

41 986

41 986

Natural Reversion
Area ha

11.2

Carbon Revenues
Carbon has only been included in the NPV calculation (and optimisation process) for the options
to revert to indigenous vegetation, including the mānuka honey option that ultimately reverts to
native forest. Indufor believes the investment decisions to plant redwood or pine will largely be
driven by the cashflow generated by log harvests. Carbon will however be a key motivation for
allowing reversion of land to native forests.
The amount of carbon sequestered for all afforestation options has been estimated. Figure 11-1
shows the total amount of carbon stored under the base case scenario by all species combined.
The total level of carbon stored never drops below 20 million tCO2e. At current prices, this would
be worth around NZD360 million.
Figure 11-1: Total Carbon Sequestered – Base Case

For an individual land-owner the variation in the amount of carbon stored could look quite
different. Indufor has the capacity to present the carbon sequestration at an individual plunit
level. The value of the carbon sequestered is dependent on future carbon prices and the
discount rate used. Table 11-3 presents the estimated NPV per hectare for the carbon yield
tables, including the costs of participation (Section 8.3.7) and base and high carbon prices
(Section 8.4.4).
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In estimating the carbon value, the net cash flows are discounted to estimate the current value
of the investment. The New Zealand Institute of Forestry (NZIF) suggests two general
approaches can be undertaken:
•

The approach applied in the valuation of the timber crop: with the target to value the future
carbon trading opportunity, defined as what it would sell for in a market transaction. In this
case, a 6% discount rate was used, which is within the range of the discount rates used for
the tree crop.

•

The discount rate may be different for carbon and timber growing cash flows. Rates should
be derived using all evidence, including implied discount rates from available transactions,
declared discount rates, and WACC/CAPM methodology. A lower discount rate would have
a similar effect of a bank loan when estimating liabilities and revenues. A 3% discount rate
was used.

Table 11-3: NPV of Carbon Revenues by Carbon Yield Table
Base Carbon Price
Carbon Yield Table*
Clearwood <25 m3/year

3% Discount
Rate

Higher Carbon Price

6% Discount
Rate

3% Discount
Rate

6% Discount
Rate

2 200

2 500

4 400

5 500

m3/year

3 100

3 400

5 800

7 200

Clearwood 30-35m3/year

3 900

4 300

7 100

8 900

Clearwood

35-40m3/year

4 800

5 200

8 500

10 700

Clearwood

>40m3/year

4 900

5 500

8 000

10 800

2 400

2 700

4 700

5 900

Framing

25-30m3/year

3 300

3 600

6 100

7 600

Framing

30-35m3/year

4 100

4 500

7 400

9 300

Framing

35-40m3/year

Clearwood 25-30

Framing <25m3/year

4 300

4 900

7 100

9 600

Framing >40m3/year

5 100

5 700

8 200

11 100

Redwood 20-25m3/year

1 100

1 100

3 500

3 400

25-30m3/year

1 500

1 500

4 400

4 200

Redwood 30-35m3/year

1 900

1 800

5 400

5 100

Redwood

35-40m3/year

2 300

2 200

6 300

6 000

Redwood

45-50m3/year

2 700

2 600

7 300

6 900

Redwood

>50m3/year

3 100

3 000

8 300

7 900

Redwood

* The carbon yield tables followed the labelling of the volume yields
Figure 11-2 provides an example of the carbon sequestered in an individual plunit. If the area is
replanted following harvesting the sequestration cycle repeats. Clearly a land owner may
implement a different planting and harvesting strategy – for example harvesting over a number
of years will mean the drop following harvest is not as severe and will look more like the profile
shown for the total catchment (Figure 11-1), particularly if harvested areas are replanted.
The value of the carbon sequestered is dependent on future carbon prices and the discount rate
used.
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Figure 11-2: Total Carbon Sequestered – Individual Plunit

The plunit shown is 20 ha in size

12

GENERATION OF DECISION SUPPORT LAYERS
Several spatial layers have been created by linking the plunits from the afforestation model to
the GIS. The attributes held for each plunit include topographic information such as aspect,
slope and altitude, land class, measures of site productivity and transport distances. The
financial metric include is NPV.
By linking the model to the GIS allows the modelling results to be visualised across the
catchment and when joined to other spatial layers allows catchment to farm-level analysis. It
also supports planning processes by readily identifying any spatial patterns in afforestation and
the impacts of changing prices or productivity assumptions. The interpretation of which may
assist with the development of afforestation plans and lead to prioritisation of certain parts of
the catchment.
The spatial overlays produced are summarised in Table 12-1. A spatial representation of the
layers listed is included as an ArcGIS 10.3 Map package.
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Table 12-1: Decision Support Layers
Layer

GIS Name

Description

Afforestation Area

Afforestation Area

The afforestation area is created by excluding
areas that do not meet species-specific criteria
as outlined in section 7.1

Afforestation Scenarios
Base Scenario
Base scenario and
individual layers for
each model scenario
1-4

Option 1 Pine price change
Option 2 Redwood price change
Option 3 Honey price change
Option 4 Carbon price change

Separate GIS overlays created from the model
runs listed in section 7.2.

NPV by Afforestation Option
NPV for each of the
afforestation scenario
using the base case
assumptions

Scenario NPV

Combined GIS overlay that includes the NPV for
each plunit by its afforestation option. For some
afforestation options, not all plunits have been
allocated an NPV, as they are ruled out based
on the plunit’s site characteristics. The selection
process applies the same constraints used to
create the afforestation overlay.

Base Scenario 3pctDR
Base Scenario 7pctDR

Separate GIS overlays created from the model
runs listed in section 10.

Impact of Discount Rate
Impact of 3 and 7%
discount rate on base
afforestation scenario

Afforestation Planning Layers
Derived by intersecting the base model with the
farm boundaries from Agribase. This creates an
overlay that allocates the afforestation option to
each title. This layer has been refined to identify
plunits <20 ha and those titles zoned residential.
Afforestation planning
overlay

Afforestation Planning

Selected Property
Analysis

Property Analysis

The afforestation area by property is calculated
to assist in the identification of target areas. The
information included in the layer can be recast to
provide visualisations of NPV, afforestation
extent, percentage of a property afforested, or
compared against other catchment-specific
planning layers.
Provides specific property examples based on
the spatial overlays generated.

At a catchment-scale the afforestation model generates for each 20 ha plunit the optimal
afforestation option for each of the five scenarios. This is illustrated in Figures 10-1 and 10-3
which represent the optimal afforestation option by plunit and the corresponding NPV using the
assumptions applied in the base model.
At this scale, the afforestation pattern shows a clear preference for radiata pine grown for
clearwood or framing. Smaller pockets of mānuka and redwoods are scattered across the
catchment. The model elects not to let any areas to revert to natural forest as comparatively the
option is not financially attractive.
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Figure 12-1: Base Model Afforestation Pattern
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The NPV distribution map shows that base case NPV ranges from negative NZD 612/ha to an
upper range approaching NZD15 261/ ha. The spatial distribution of NPV shows all of the returns
are positive NPV for the given afforestation option. The map suggests that the NPV spread is
clustered between the NZD5 000 to 10 000 range. These areas appear to be closer to existing
road networks than areas with lower NPVs.
Figure 12-2 Base Model NPV Distribution
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In area terms, the map indicates the largest contribution belongs to the NZD5 000 to 10 000/ha
band, which represents about 20 000 ha or 50% of the afforestation area (Figure 10-3). This
area is a combination of pine grown for framing or clearwood with the remaining area afforested
to redwoods. Mānuka managed for honey production achieves NPV of between NZD 0-5 000/ha
and occupies an area of 6 040 ha. To be consistent, for any given afforestation option the NPV
value represents the return for a single rotation.
A characteristic not captured in the graph, but is evident through interrogation of the spatial
overlay shown in Figure 10-1, is that 6% of the mānuka areas are less than 50 ha. Industry
commentary suggests that a minimum area of 50 ha is required to increase the likelihood that
bees will only collect from mānuka flowers -a requirement necessary to produce high UMF grade
mānuka honey.
Figure 12-3: Afforestation Area by NPV/ha Over a Single Rotation

Afforestation Area by Option (ha)
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13

AFFORESTATION PLANNING LAYERS
The analysis can be further refined to support catchment afforestation planning. It is often a
more attractive prospect from an administrative and management perspective to concentrate
efforts in one region rather than leaving afforestation activities unconstrained. Through the
modelling process a series of afforestation overlays have been created that can be used to
assist in prioritising afforestation efforts. These layers can be recast in various forms using the
modelling results stored in the GIS, or equally re-evaluated at different scales when combined
with other spatial layers.

13.1

Afforestation Area Refinements
One possible approach to refining the analysis is to intersect the modelling results with property
boundaries. This creates an overlay that identifies the location and extent of the 899 farms within
the afforestation area with the average property size about 160 ha.
Around 10% of the afforestation area is distributed across the 0 to 20 ha class. Within this range
the areas are quite small and scattered which further reduces their financial appeal. For this
reason, there is some merit in removing small fragmented areas that are less than 20 ha. The
removal of the 0-20 ha class effectively reduces the afforestation area to 38 000 ha.
The following graph plots the afforestation area by each option. The trend shown indicates the
area quickly tapers off between the 20 to 220 ha classes and fluctuates beyond this point. The
inclusion of the farm number by class, as represented by the superimposed line indicates that
of the 899 properties only10% of this number exceed 200 ha.
Figure 13-1: Afforestation Area by Property
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The GIS offers an efficient means to visualise spatial trends between the various datasets. This
approach can assist the planning process by identifying and prioritising afforestation efforts. The
following map, Figure 10-5 provides an example and shows the afforestation percentage by
property. The map indicates that higher levels of afforestation are achieved on those properties
located in the southern part of the catchment.
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Figure 13-2: Afforestation Planning Map

The outputs for this deliverable are based on an initial desk-based illustration that shows how
the outputs could be used. The results for two properties are shown, using example maps that
show the terrain, land cover and location, the optimal afforestation option and a financial
measure, NPV/ha – as modelled using the base case scenario. The intent is that these maps
along with supporting documentation could be used to assist planners and land owners in their
discussions surrounding the various afforestation options.
.
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13.2

Property-Scale Analysis and Checklists
The following example (Figure 13-3) applies the afforestation model to a property in the north west of the catchment. For this property, the model has selected two
of the six possible options – radiata pine managed to produce clearwood products and managed mānuka.
The overlays show that the afforested area is located on the steeper parts of the property and excludes any areas of established forest cover. Overall the area is
contiguous and extends onto adjacent titled boundaries. Some smaller isolated areas are scattered amongst existing tracts of forest, these are artefacts of the plunit
selection process which has removed parts of plunits that intersect forested areas.
Figure 13-3: Example Property Scale Maps

The afforestation map shows the property boundary and the location of the afforestation
area (88 ha) and options generated by the base scenario model. The model-selected
afforestation option only includes, radiata pine for clearwood products. For this property
no areas are afforested to radiata framing, redwood, mānuka or natural reversion.
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across the property. Higher NPV values are observed if they are closer to access
routes and not on steep land.
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The following table presents the modelling results for the same property used for Table 13-1. In this instance, the property is split by two titles and has a total area
of 246 ha, around 88 ha is identified for afforestation, equivalent to 36% of the property area. In this example, the afforestation model elects to afforest to radiata
pine managed for clearwood products.
Table 13-1: Example Property-Level Afforestation Summary One

Property Level Information
Title No

Title Area

Afforestation Option by Area
Radiata pine Clearwood
Afforestation Summary
Area (ha)

Owner

(%)

422918

X

105

7

7

7

575451

X

142

81

81

57

246

88

88

36

Total Area

It is realised that the purpose of the model is allocate the optimal afforestation option to each plunit, this option may not match the land owner’s intentions. To cater
for this outcome the financial return (NPV/ha) for each afforestation option has been calculated.
This is achieved by directing the model to afforest all plunits to a single afforestation option. This allows comparison and ranking of each option at a property scale,
or at the plunit level if queried using the associated GIS layer.
The summary presents two values, the feasible afforestation area as determined using the afforestation layer and the NPV for each option. In the example pine and
redwood are able to be established across the entire 88 ha area. However, for this particular property the site selection constraints applied to the afforestation layer
largely excluded mānuka as planting options.
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Table 13-2: Property Comparison of NPV by Afforestation by Option Over a Single Rotatation
Potential Afforestation Area and NPV by Option
Afforestation Scenario
Area (ha)

NZD/ha

Radiata Pine Clearwood

88

10,596

Radiata Pine Framing

88

10,218

Redwood

88

4,031

2

1,508

87

-3,887

Mānuka honey production
Natural Reversion

The next example (Figure 13-4) applies the afforestation model to a property in the centre of the catchment. For this property, the model has selected three of the
six possible options – radiata pine managed to produce clearwood products, Redwood and managed mānuka.
The overlays show that the afforested area is located on the steeper parts of the property and on the north -eastern side of the slope. The area is contiguous and
extends onto adjacent titled boundaries.

© INDUFOR: A15-10896 Waipa Afforestation Feasibility Study

41

Figure 13-4: Example Property Maps

The afforestation map shows the property boundary and the location of the afforestation
area (200 ha) and options generated by the base scenario model. For this property, radiata
clearwood, Redwood and Mānuka management has been selected as the afforestation
options.
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routes and not on steep land.
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The following table presents the modelling results for the same property used for Figure 13-4. In this instance, the property is split by two titles and has a total area
of 259 ha, around 200 ha is identified for afforestation, equivalent to 77% of the property area.
Table 13-3: Example Property-Level Afforestation Summary

Property Level Information
Title No

Afforestation Option by Area

Title
Area

Radiata pine Clearwood

Owner
514821
523276

Honey

Redwood

Afforestation Summary

Area (ha)

X

50

X
Total Area

(%)

31

0

16

47

93%

209

90

9

55

153

73%

259

121

9

71

200

77%

Radiata and Redwood are able to be established on the 200 ha afforestation area. While the Redwood option provides the highest net present value, the planting
constraint (maximum area) limits the area that can be planted as Redwood. The natural reversions option has been excluded because of the negative value.

Potential Afforestation Area and NPV by Option
Afforestation Scenario
Area (ha)

NZD/ha

Radiata Pine Clearwood

200

8,142

Radiata Pine Framing

200

7,516

Redwood

200

10,012

11

1,682

160

-3,233

Mānuka honey production
Natural Reversion
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As the project progresses to field testing stage then additional materials to assist with the
afforestation discussion will be introduced. This could include
1. The assumed cash flow requirements for each of the afforestation options
2. Sample templates (likely for forestry options only) that outline common structures used
to facilitate joint venture arrangements.
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Appendix 1: Description of Datasets
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Spatial Datasets
The following table summarises the main spatial datasets assembled for the project.
List of Spatial Data
ID.

Category

Dataset Name

Description

Source

LUCAS_LUM_V16_1190_2008_2012

New Zealand wide land use classification (12
classes) prepared and maintained by Ministry for the
Environment. The layer can be used to produce land
use map as of 1990, 2008 or 2012.

https://data.mfe.govt.nz/layer/2375lucas-nz-land-use-map-1990-20082012-v016/

MPI_FORESTRY_SCHEME_2015_03_16

A layer produced by Ministry of Primary Industries
showing planted and natural forests and the
management scheme (ETS, AGS etc.)

3

PLANTED FOREST

A layer showing all plantation forest in the area

4

DOC AREAS

Spatial representation of DOC's management units
defined by various acts of parliament and legislation.

https://koordinates.com/layer/754-docpublic-conservation-areas/

WRPP_SOILCON_MODEL_BASE

The soil conservation map prepared under Waikato
Regional Prioritisation Project (WRPP) is a modelled
product based on various datasets related to soil
conservation status. The datasets included were:
NIWA’s River Environment Classification, The
watershed area, Length of the watercourse segment,
Strahler stream order, and different calculated scores
(Sediment Factor, Erosion Factor, Streambank
Factor, Vegetation Protection Factor, Stock Risk
Factor, Mitigation Factor).

Waikato Regional Council

WRPP_WATER QUALITY

Like the soil conservation map, the water quality map
is also a modelled product based on various datasets
related to water quality. The dataset included were:
NIWA’s River Environment Classification, The
watershed area, Length of the watercourse segment,
Strahler stream order, and different calculated scores
(E.coli Generation Factor, N Generation Factor, P
Generation Factor).

Waikato Regional Council

1

2

Land use/ Land cover

5

Modelled datasets

6
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POTENTIAL_VEGETATION_OF_NZ

Potential vegetation cover in natural condition. A
regression-based prediction of potential vegetation
cover based on multiple environmental variables.

https://lris.scinfo.org.nz/layer/289potential-vegetation-of-new-zealand/

300_INDEX

Forest productivity Index particularly developed for
Pinus radiata, a popular plantation species in New
Zealand. It is defined as stem volume mean annual
increment (MAI) at age 30 for a defined plantation
regime of 300 stems ha-1.

Scion

400_INDEX

Forest productivity Index particularly developed for
Redwoods. It is defined as stem volume mean
annual increment (MAI) at age 40 for a defined
plantation regime of 400 stems ha-1.

Scion

10

NZLRI_LAND_USE_CAPABILITY

An assessment of the capability of land based on
physical factors and overall possibility of using land
for a particular land use range (1-8). Land use
classes 1-4 are considered as multiple use with 1
being the best. Classes 5-7 are considered
unsuitable for cropping and better suited for pastoral
and forestry uses. Class 8 is considered nonproductive land.

https://lris.scinfo.org.nz/layer/76-nzlriland-use-capability/

11

SOIL TYPES

Soil type

https://lris.scinfo.org.nz/layer/66-nzlrisoil/

12

NZLRI_ROCK

Top rock type

https://lris.scinfo.org.nz/layer/65-nzlrirock/

12

NZDEM-25-METRE

Digital Elevation Model, a 25 metre resolution,
elevation grid generated from the LINZ 1:50,000
scale Topographic data layers.

https://lris.scinfo.org.nz/layer/131nzdem-north-island-25-metre/

ASPECT

Aspect generated from DEM

Derived from the NZ DTM

13

SLOPE CLASSES

Slope in degrees generated from DEM

Derived from the NZ DTM

14

RIVERS & STREAMS

Stream locations and orders

Waikato Regional Council

FSL_SOIL_DRAINAGE_CLASS

The New Zealand Fundamental Soil Layer originates
from a relational join of features from two databases:
The New Zealand Land Resource Inventory (NZLRI),
and the National Soils Database (NSD). The NZLRI

https://lris.scinfo.org.nz/layer/104-fslsoil-drainage-class/

7

8

9

Productivity

Topography

15

Drainage
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is a national polygon database of physical land
resource information, including a soil unit.
16

https://koordinates.com/layer/183improved-nz-road-centrelines-august2011/

NZTA_ROADS

Road network

NZ_MILL_LOCATION

Timber processing facilities

18

PLACE NAME

City and Towns

https://koordinates.com/layer/3657-nzpopulated-places-points/

19

WAIPA RIVER CATCHMENT

Catchment boundary

Waikato Regional Council

20

WAIPA RIVER CATCHMENT BUFFER

Boundary buffered by 10 km

21

NZ PRIMARY PARCEL

Cadastral boundaries

https://data.linz.govt.nz/layer/772-nzprimary-parcels/

22

S2A_20160818_A006032_T60HUC.tif

23

S2A_20151229_A002700_T60HUC.tif

Satellite imagery Sentinel 10 m resolution

https://scihub.copernicus.eu/dhus/

Aerial photography

https://data.linz.govt.nz/set/2-nz-aerialimagery/

17

24

Infrastructure

Administrative

Image Datasets

S2A_20160429_A004459_T60HUD.tif

25

S2A_20151218_A002557_T60HUC.tif

26

ORTHOPHOTOS_LATEST
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