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Introduction

New Zealand, under its Kyoto Protocol obligations, is 
required to reduce annual net emissions during the first 
Commitment Period (CP1) to the level of gross emissions 
during 1990.  Gross emissions in 1990 were 62 million metric 
tonnes carbon dioxide equivalent (t CO2-e).  Consequently, 
New Zealand’s assigned amount for CP1 (2008 to 2012) is 
310 million t CO2-e (MfE 2008).  

Total emissions from the energy, industrial processes, 
solvents, agriculture and the waste sectors during CP1 are 
projected to be 392 million t CO2-e (MfE 2008).  Before the 
land use, land-use change and forestry (LULUCF) sector is 
included, New Zealand therefore has a shortfall of 82 million 
t CO2-e in meeting its Kyoto Protocol target.

Removals by forests are forecast to be 84 million t 
CO2-e during CP1.  This is partially offset by deforestation 
emissions of 17 million t CO2-e with net removals from 
the LULUCF sector forecast to be 67 million t CO2-e (MfE 
2008).  

Planted forests make an important contribution towards 
New Zealand meeting its Kyoto Protocol target in CP1.  
However there are concerns that these plantations will 
eventually create a liability because they represent a very 
narrow age-class.  
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Abstract

The New Zealand Government has enacted legislation for an emission trading scheme (ETS) under which owners of Kyoto-
compliant forests will receive/surrender credits for increases/decreases in the carbon stocks of their plantations.  Stand-level 
analysis indicates that carbon trading will have a number of impacts:
•	 the increase in forest profitability will encourage afforestation;
•	 silvicultural regimes that give increased biomass production will be preferred;
•	 rotation length will increase.

The goal of the ETS is to provide incentives to land and forest owners to make decisions that help the New Zealand Government 
meet its Kyoto Protocol obligations.  

This paper gives the results of an analysis that models the likely impact of the ETS on the carbon stock in New Zealand’s plantation 
estate.  An estate model is developed for New Zealand’s 573,000 ha Kyoto-compliant estate.   Potential land for afforestation is 
also included in the model.  The impact on national carbon stock of changing rotation length and afforestation rate are evaluated 
separately.  Changing silvicultural regimes is then evaluated in combination with these factors.  Results indicate that the ETS 
has the potential to ensure that New Zealand’s Kyoto-compliant estate does not become a net source of carbon.

New Zealand has experienced three periods of rapid 
expansion of plantation area.  New Zealand’s Kyoto 
plantations were established in the third planting “boom” 
in the 1990s (Figure 1).  However not all of the post-1989 
planting is Kyoto compliant.  It is estimated that 16% of 
the post-1990 afforestation was “onto shrublands that could 
already have met New Zealand’s Kyoto Forest definition” 
(MfE 2008).  Under this assumption only 573,000 ha of the 
682,000 ha of the post-1989 new planting is Kyoto forest.

The age-class of the Kyoto plantations (Figure 2) is by 
definition narrow; ie, so far it consists of planting over only 
19 years.  This is accentuated because:

•	 The bulk of the planting was between 1992 and 1998; 
and

•	 In recent years new planting has been at very low 
levels.

Figure 1. New forest planting in New Zealand
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The New Zealand Government has set a non-binding 
target for a net increase in forest area of 250,000 ha by 2020.  
It has passed legislation to encourage afforestation under 
three different schemes:

•	 Afforestation Grant Scheme which provides a grant for 
planting new forests.  In return the Government retains 
emission credits for the initial 10 years;

•	 Permanent Forest Sink Initiative under which carbon 
credits (Assigned Amount Units - AAUs) can be earned 
for carbon sequestered but clearfelling is not permitted 
for a period of 50 years.

•	 Emission Trading Scheme (ETS) under which carbon 
credits (NZUs) are received for any increase in carbon 
stocks but have to be surrendered for any decrease in 
carbon stocks.

Afforestation is likely to occur on land that is currently 
used for sheep and beef agriculture.  Data from MAF farm 
monitoring reports (MAF 2008) can be used to estimate 
the cost of suitable land (Figure 3).  This data applies to 
regional averages – some land will be available at lower cost.  
However it indicates that some 2.6 million ha is potentially 
available at a land cost of $6,700 or less. 

The ETS is expected to have the greatest impact on 

afforestation.  It is the focus of this paper in which we:

•	 Show the carbon benefits and liabilities of the existing 
Kyoto plantations.

•	 Review the impact of the ETS on forest profitability.
•	 Translate the potential effect of the ETS on rotation age, 

afforestation rate and silvicultural regime through to 
likely consequences on carbon stocks at the level of the 
national estate. 

The key issue is the extent to which the ETS will enable 
New Zealand to meet its Kyoto Protocol obligations.

Methods

For the existing radiata pine estate we use the area 
data for new planting from the National Exotic Forest 
Description (MAF 2007) reduced by 16%.  The carbon 
yield table is that used by (S. Wakelin pers. comm.) for the 
national carbon inventory. 

Details of the assumptions used in the stand-level 
analysis are presented in Maclaren and Manley (2008).  For 
new planting we assume an average New Zealand ex-farm 
site of site index3  32.6 m and 300 Index4  of 32.6.  We estimate 
log and carbon yields using the Radiata Pine Calculator 
(NZTG 2003) for three different silvicultural regimes:

•	 Clearwood (Plant 800 stems/ha, prune to 5.5 m in 2 lifts, 
thin to 250 stems/ha at age 8 years).

•	 Framing (Plant 800 stems/ha, thin to 375 stems/ha at age 
8 years).

•	 No thin (Plant 800 stems/ha, no thinning).

Financial criteria used are Land Expectation Value 
(LEV) at an 8% real discount rate and Internal Rate of 
Return (IRR).  Log prices were derived from published 
MAF5  12-quarter average prices.  Industry average costs 
were used.  A fixed cost ($60/ha/year) was assumed for the 
costs of measurement, auditing, registration associated with 
carbon trading. 

Results

Base case – existing Kyoto plantation estate 

Initially we model the carbon impacts of the existing 
Kyoto plantation estate.  This is a mix of clearwood and 
framing stands.  Rotation ages in New Zealand are typically 
27 to 30 years – mills are often reluctant to take logs from 

3 Mean top height of 100 largest stems/ha at age 20 years.
4 300 Index is an index of volume productivity.  It is the stem volume 

mean annual increment at age 30 years for a defined silvicultural 
regime of 300 stems/ha (Kimberley et al. 2005).

5 http://www.maf.govt.nz/forestry/statistics/logprices/

Figure 2.  Area by age-class distribution of New Zealand’s 
Kyoto plantations (after reducing planted area by 16%).

Figure 3.  Indicative supply curve of land suitable for 
afforestation. [Source: derived from MAF 2008]
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younger stands.  Consequently we assume that the target 
rotation is 28 years – however we regulate the harvest by 
placing an upper limit (40,000 ha) on the area that can be 
harvested annually.  

Carbon stocks increase until 2019 as the young estate 
matures (Figure 4).  Harvesting commences in 2018 and 
the reduction in carbon stocks associated with harvesting 
soon exceeds the carbon sequestration on unharvested area.   
In 2020 New Zealand’s Kyoto plantations are no longer a 
carbon sink but have become a carbon source (Figure 5).  
It is apparent that while New Zealand’s Kyoto plantations 
will initially be very beneficial for meeting obligations, they 
will eventually create a liability.  

Figures 4 and 5 help explain the motivation for the New 
Zealand Government supporting further afforestation.  No 
agreement has yet been reached on what will replace the 
Kyoto Protocol from 2013 on.  However, under the Base 
Case, New Zealand’s net carbon position (from LULUCF) 
in 2025 to 2032 will be 30 to 35 million t CO2-e worse per 
year than during 2008 to 2017.

Stand-level impact of ETS on forest management and 

profitability 

As a benchmark we initially ignore carbon and consider 
the economics of “traditional” forestry with revenues 
coming solely from log sales.  The clearwood regime has 
the highest maximum LEV followed by the framing and no 
thin regimes (Figure 6).  The LEVs are substantially lower 
than the cost of land indicated in Figure 3.  The relativity 
of LEV to land cost helps to explain why afforestation rates 
are currently very low.

We then explored the potential impact of the ETS using 
a range of carbon prices.  This indicates that:

•	 LEV increases with carbon price (Figure 8).  Forestry 
has the potential to pay $6000/ha when carbon prices 
exceed $20-30/t CO2-e.  Carbon prices in the secondary 
CER market have been at these levels or higher during 
the past year (Figure 7).

•	 Optimum rotation age increases with increasing carbon 
price (Figure 9).  Note that the asymptote is due to the 
artificial constraint of 40 years that we imposed on 
rotation length.

•	 The ranking of silvicultural regimes changes as carbon 
price increases.  When carbon prices exceed about $5/t 
CO2-e, the no thin regime followed by the framing and 
then the clearwood regime; ie, the reverse ranking to the 
case of no carbon trading.

Figure  4.  Carbon stock in New Zealand’s Kyoto plantations 
for Base Case

Figure 5.  Change in carbon stock in New Zealand’s Kyoto 
plantations for Base Case

Figure 6.  LEV without carbon trading for three regimes 

Figure 7. Carbon prices (Prices are €/t CO2-e for December 
2008 settlement of a Certified Emission Reduction unit 
on the ECX).  NZ$1 ˜ 0.5 €. [Source: European Climate 
Exchange].
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The above results are for new planting.  Maclaren and 
Manley (2008) found that the relative impact (ie, increase 
in NPV, increase in rotation age) of the ETS for existing 
plantations (ie, those planted in the 1990s) is similar.

Impact on the national estate

The key question is how the impact of the ETS will 
translate through to the national level.  We look at the 
impact of the ETS on:

–	 Rotation length.
–	 New planting.
–	 Silvicultural regime.

1. Rotation length
Should owners of the existing Kyoto plantations opt into 

the ETS we can expect rotation ages to increase.  Figure 9 
suggests that optimum rotation age for this estate, which 
is managed on clearwood and framing regimes, will be 30 
to 33 years at a carbon price of 

$25/t CO2-e and 40 years at a carbon price of $50/t CO2-e.  
Consequently we evaluate scenarios with target rotation ages 
of (a) 32 years and (b) 40 years.

Increasing rotation age will extend the period over 
which the Kyoto plantations act as a carbon sink from 

2019 (target rotation 28 years) to 2023 (32 years) to 2031 
(40 years) but accentuates the depth of the subsequent 
reduction (Figure 10).

2. New planting
The ETS has the potential to increase LEV to the extent 

that forestry can afford to pay for new land.  However just 
because LEV exceeds land market value is no guarantee that 
agricultural land will be purchased for afforestation.  In order 
to predict the likely impact we use data from the analysis of 
Horgan (2007) who looked at the relationship between IRR 
and new planting between 1991 and 2004 (Figure 11).  

The relationship we use is:

Area	of	new	planting	=	-151	027	–	22	922	*	IRR	 (1)

In order to apply this we use the relationship between 
IRR and carbon price for the three different silvicultural 
regimes (Figure 12).  At a carbon price of $25/t CO2-e the 
IRR for the clearwood regime is 7.7% (8.5% and 10.4% for 
the framing and no thin regimes).  Substituting this IRR 
into equation 1 gives an estimated new planting area of 25 
472 ha.  Consequently we evaluate a scenario in which 25,000 
ha of land is planted each year into the clearwood regime 
for the 20 years from 2009 to 2028.  The target rotation age 
is kept at 28 years.

Figure 8. Impact of carbon price on LEV (LEV shown is for 
the optimum rotation age at each carbon price.)

Figure 9. Impact of carbon price on optimum rotation age

Figure 10.  Effect of increasing rotation age on carbon stocks 
in New Zealand’s Kyoto plantations.

Figure 11.  New forest planting versus expected rate of return 
from forestry.  Data from Horgan (2007).
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New planting of 25,000 ha/year into the clearwood 
regime is sufficient to ensure that the Kyoto plantations 
do not become a major source of carbon once harvesting 
commences (Figure 13).

3. Silvicultural regime
We now evaluate scenarios in which the new planting 

of 25,000 ha/year is into the framing and no thin regimes.  
We assume that the target rotation age (for both existing 
stands and new planting) is 32 years.

Figure 14 shows the cumulative effect of (a) afforestation; 
(b) increasing rotation age; and (c) changing silvicultural 
regime. 

Discussion

Need for more afforestation

An increase in average rotation age extends the period 
over which the Kyoto plantations act as a carbon sink 
but only delays the time at which they become a carbon 
source.  Further afforestation is required to ensure that 
New Zealand’s Kyoto-compliant estate does not become a 
net source of carbon.

The low levels of afforestation in recent years can be 
explained by the relativity of LEV (given current log prices 

and discount rates) to the cost of land.  The ETS has the 
potential to increase the LEV of forestry investments in 
excess of the prevailing cost of land.  At a carbon price of 
$25/t CO2-e the rate of afforestation, estimated using the 
approach of Horgan (2007), will achieve the Government’s 
target for a net increase in forest area of 250,000 ha by 
2020.

Implementing silvicultural regimes that give increased 
(and early) biomass also has the impact to increase carbon 
stocks.  However the impact only occurs if afforestation 
takes place.  Silvicultural treatment has been completed for 
the bulk of the existing Kyoto plantations.

Change of Government

The ETS was one of the final pieces of legislation passed 
in 2008 by the Government prior to a General Election.  At 
this election on 8 November, a new Government was elected.  
It has subsequently announced that it wishes to review the 
ETS.  It is anticipated that, while specifics may change, 
an ETS that allows carbon trading for Kyoto-compliant 
plantations will be retained.

Estimation of new planting

The IRR of forestry (Clearwood regime) with revenues 
solely from log revenues is 5.2%. At this IRR, Equation (1) 
would predict zero afforestation which is close to actual - the 
MAF estimate for 2007 is 2000 ha.

Equation (1) was estimated from data for 1991 to 2004 
where changes in IRR were primarily a consequence of 
changing log prices.  Here we have used it to model a 
situation where IRR changes because of carbon trading.  
Consequently the afforestation scenario of 25,000 ha per 
year is indicative only. 

Figure 12.  Effect of carbon price on IRR 

Figure 13.  Effect of 25,000 ha of new planting per year on 
carbon stocks in New Zealand’s Kyoto plantations. Target 
rotation is 28 years.  New planting is into the clearwood 
regime

Figure 14. Effect of silvicultural regime for 25,000 ha/year 
of new planting on carbon stocks in New Zealand’s Kyoto 
plantations.  Results are shown for (a) the existing estate; and 
then for new planting at 25,000 ha/year into (b) the clearwood 
regime with a target rotation of 28 years and (c) 32 years; and 
into the (d) framing and (e) no thin regimes.
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General approach

A relatively simple scenario analysis approach has been 
adopted in this analysis.  This is appropriate given the 
nature of the assumptions made and the uncertainty over 
the final form that the ETS will take.  

One simplification is that agriculture has not been 
explicitly incorporated into the analysis.  The current 
ETS will include agricultural emissions from 2013.  The 
profitability of agriculture is likely to be reduced as 
farmers are required to purchase carbon units to cover their 
emissions.  Consequently, the cost of land for afforestation 
would likely be lower than that indicated by Figure 3.  
More comprehensive modelling is warranted once the ETS 
review is completed and it is confirmed that agriculture will 
remain in the ETS.
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Sir

Since I own a truck that is fueled, in part, by wood, I 
enjoyed reading the February issue on “biofuels.”  Although 
my 1987 Dodge Dakota truck gets about 5.3 km per kg of dry 
wood, the engine has about 30% less power when running on 
woodgas.  Surprisingly, the km per joule ratio for woodgas 
is roughly the same as with petrol.   I purchased the truck 
from Wayne Keith who, in my opinion, is a leader in the 
development of wood-fueled trucks.  Wayne recently used 
woodgas to drive across the USA (over 9,000 km round 
trip) and his 1991 Dodge truck came in second in a race of 
non-petrol vehicles (www.ag.auburn.edu/agrn/bio-truck).  
Photos of Wayne and one of his earlier trucks are at (www.
farmfoundation.org/news/articlefiles/950-waynekeithforweb.
pdf). 

Currently, I can buy petrol for $0.90 per litre compared 
to about $1.6 per litre in NZ.  I would think the higher 
price in NZ (and perhaps an even higher price in the future) 
would encourage some owners of old truck (ones that have a 
distributor) to install a wood gasifier.  However, due mainly 
to inconvenience, many would rather buy blended petrol than 
save money by collecting and burning a renewable energy 
source.  On the other hand, I have used firewood to heat my 
house for the past 3 decades and therefore I do not mind 
spending a little time each week processing wood into small 
blocks for the gasifier.  Due to my interest in using wood as 
a transportation fuel, some now call me a “biofool.”

Is woodgas a viable biofuel for NZ?  To answer this 

Thoughts on biofuel from a biofool
Letters

question, I applied David Painter’s criteria to see if vehicles 
that run on woodgas might have promise in NZ.  Wood is 
available, renewable and sustainable; the biogas can be used 
either alone or in combination with petrol; and the cost per 
km is less expensive than petrol.   Unfortunately, chunks 
of wood cannot be blended with petrol and transported to 
Auckland in pipes.  Therefore, woodgas fails the test for 
immediate use in the current vehicle fleet.  I think it was 
Clarence Darrow who said “It is not the strongest of the 
species that survives, nor the most intelligent, but rather 
the one most adaptable to change.”  I will think about that 
the next time I drive my 1987 truck past someone pumping 
$1.6 per litre blend into a flex-fuel vehicle.     

David South

A new look for the New Zealand 
Journal of Forestry Science

The New Zealand Journal of Forestry Science has had 
a makeover. This Journal (which is published by Scion) 
is now freely accessible on the Journal’s website at http://
nzjfs.scionresearch.com. The website also includes 
instructions for authors and on-line article-tracking for 
authors. Editor, Dr Ruth Falshaw, is hoping to receive 
lots of submissions to the new-look Journal and is also on 
the look out for possible referees. Please contact Ruth at 
nzjfs@scionresearch.com. Hard copies of all the papers 
published in 2009 will be available for purchase as a 
complete volume (No. 39) at the end of this year (see the 
website for details).


