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Chapter 6
Land-Use Change and Forestry (LUCF)

6.1 Introduction

The LUCF sector represented the removal of approximately 33% of all greenhouse gas

emissions in 2001 and there was an increase in net removals of 0.7% from 2000. 

Net removals in 2001 were almost 10% above net removals in 1990.

New Zealand has a substantial estate of planted forests, mainly comprising Pinus radiata,

and has well established data on its extent and characteristics. These forests have

removed and stored substantially more carbon over the period 1990 to 2001 than has

been emitted through forest harvesting of both planted and natural forests together.

Some land-use change has been occurring, mostly in the form of new forest planting.

Rates of new planting were high between 1992 and 1998. During this period new

planting averaged 69,000ha per year. Since 1998 the planting rate has declined but 

is still occurring at an average annual rate of between 30,000ha and 40,000ha. 

However, a current lack of data on other forms of land-use change and changes in soil

carbon has limited reporting in this sector. A substantial project has been funded 

since 1996 to remedy these gaps in New Zealand’s inventory. This project is discussed

at the end of this chapter.

6.2 Country-specific approaches different from the IPCC methodology

The worksheets for this section of the inventory are in a format that is consistent with

the 1996 revised IPCC guidelines. However, these worksheets have been designed to

match New Zealand’s national methodology for estimating emissions and carbon uptake

by planted forests. For transparency, these worksheets have been designed to be as

equivalent as possible to the IPCC worksheets. As a modified form of the IPCC

worksheets has been used, Tables 5(a)-(d) of the CRF have not been completed.

The worksheets with carbon/CO2 emissions from "land conversion" have not been

included in the "uptake from forests" in the reporting tables. LUCF therefore shows data

in both the CO2 emission and the CO2 removals columns. This has been done to make

the calculation more transparent. For completion of Table 5 and the summary tables of

the CRF, the net CO2 emissions/removals figure has been reported (as per the

reporting instructions accompanying the tables).

The worksheets discussed below are included at the end of the chapter and cover

emissions/removals for 1990 to 2001. 
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Worksheet 5.1 equivalent

Uptake has only been estimated for planted forests, as this is the major anthropogenic

sink. Surveys and forest models have been used to estimate emissions and removals.

Estimates include above- and below-ground biomass components (including the 

forest floor). The models account for both the removal of stemwood carbon through

harvesting and the release of non-stemwood carbon on-site over a longer period

following harvesting. The release of carbon through harvesting natural forests is also

accounted for. This methodology gives significantly more accurate results than could

have been achieved using the IPCC methodology. It is assumed that stemwood removed

at harvest for both natural and planted forest is oxidised in the year of harvest.

Worksheet NZ 5a-d

Data on forest and grassland conversion is currently limited. Emissions from clearing

land for new forest planting are reported (including carbon emissions as the carbon

uptake in the subsequent planting is already accounted for in Worksheet 5.1). 

Non-CO2 emissions are reported for scrub and forest wildfires (as per the IPCC default

method the carbon is assumed to be absorbed during re-growth) and for land clearing.

Abandonment of managed lands

Abandonment of managed lands is not reported due to a lack of data. However, some

pasture does revert to scrub in marginal farming areas.

Soil carbon

Changes in soil carbon are also not reported due to a current lack of data.

6.3 Methodological approach

The estimates derived from modelling March years are converted to calendar years,

before applying a three-year average as per the IPCC approach. 

The following calculations were made to estimate emissions and the uptake of

carbon/non-CO2 in the LUCF sector:

Changes in forests and other woody biomass stocks

1. Uptake of carbon by planted forests.

2. Emissions from planted forests through harvesting.

3. Emissions from natural forests from unsustainable harvesting.

Forest and grassland conversion

1. Emissions from clearing land in preparation for new forest planting.

2. Non-CO2 emissions from scrub and forest wildfires and land clearing.

Planted forests

The total biomass in New Zealand’s planted forests is relatively simple to estimate as

planted forest stands are almost exclusively of a single species and single age. Annual

surveys are used in conjunction with the models (C-change and FOLPI) to estimate

forest biomass and carbon at one point in time. The models “time-shift” the 

estate forwards to represent future forest growth and forest management, including

harvesting. The models then time-shift backwards to improve historical estimates.

This time-shifting of the estate is necessary to minimise errors. Changes in carbon

stocks are typically very small relative to the stocks themselves, and even small

inconsistencies in the stocks will lead to large errors in the stock change. As the

estimation of carbon stocks is continuously being improved, it is necessary to 

recalculate both past and future years in each run of the model.

The process begins with the National Exotic Forest Description (NEFD) survey, 

which provides estimates of the forest area and merchantable stemwood volume 

(via yield tables). The NEFD subdivides the forest estate by crop-type and age class. 

A crop-type is an aggregate of forest stands that are similar in respect to species, 

site quality, management regime and location. Each crop-type has a yield table that

provides estimated volumes of stemwood per hectare by age.

To simplify the subsequent modelling, all crop-types are then aggregated to form 

a single, national area-weighted crop-type (still broken down by age class) and 

associated area-weighted national yield table.

Both models used in this part of the inventory are managed and run by the New Zealand

Forest Research Institute (Forest Research). The first is the C-change model (previously

known as the CARBON/DRYMAT model). This estimates carbon stock per hectare, by

component and age-class, from stemwood volume data. The modelling steps are as follows:

1. Stemwood volume is first converted to an oven-dry biomass weight.

2. The dry weight of non-stemwood components (bark, branches, foliage, cones,

stumps, roots, floor litter and understorey) is from stemwood volume using

allometric equations. Various equations built into the model take account of age,

spacing and site fertility.
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3. Total forest biomass is lastly converted to carbon weight. Carbon is taken as being

50% of biomass.

The forestry models 

Several simplifications have been made in the C-change model. Firstly, the wood density

factors for the different age classes assume that all trees grow in a medium-density

region of New Zealand. Secondly, the model takes the weighted national crop-type as

being wholly Pinus radiata, when in fact around 10% of the estate is made up of

Douglas fir (Pseudotsuga menziesii – 5%) and other species.

The C-change model assumes four tending and thinning regimes. These scenarios are

then aggregated to show the stock of biomass and carbon for the total planted forest

estate at one time.

Biomass and carbon totals take into account the biomass left in the forest after

harvesting. Harvesting is defined in the models as the removal only of the stemwood

from the forest. Non-stemwood biomass is modelled to decay on-site over

approximately 12 years.

The biomass and carbon stocks at one point in time are available for time-shifting to

give carbon stocks for each modelled year and changes in carbon stocks between those

years. This is done in the FOLPI (Forest Oriented Linear Programming Integrator) forest

estate model, the second of the two models run by Forest Research. FOLPI is a linear

programming model that optimises the management of the forest estate across time

while maximising the discounted harvest volume. The model simulates actual rates of

planting and harvesting where historic data exists.

Among the outputs of the FOLPI model are the LUCF inventory results for 1990 to 2001.

These results include:

1. Stemwood volume harvested from the planted estate and, hence, carbon “emitted”

in that harvest. 

2. Total stock of estate carbon after harvesting in each year (accounting also for the

decay of non-stemwood carbon left after harvesting). 

From the total stock values we calculate the uptake of carbon (net of harvest). The gross

uptake of carbon is then calculated by adding the harvested stemwood carbon back into

the net carbon uptake figures. This gives the change in carbon stock between last year’s

harvested forests and this year’s unharvested forests.

This approach, in conformity with IPCC methodology, assumes that all carbon held in

harvested stemwood is emitted at the time of harvest (the decay of non-stemwood

biomass is accounted for in the models and hence in the net carbon uptake results).

The difficulty with this approach is that some carbon remains stored in long-life wood

products and a substantial proportion of harvested wood is exported and therefore

removed from New Zealand. The emissions from harvest figures therefore

refer to potential, rather than actual, emissions.

For more information regarding the NEFD surveys, the most recent publication by 

the Ministry of Agriculture and Forestry (2001) was used. Information regarding the

modelling methodology is provided in Wakelin and Te Morenga (1995), although

greater detail on certain aspects of the work can be found in Hollinger et al. (1993)

and Garcia (1984). The model results used here are given in Te Morenga and Wakelin

(2003) and replace those previously reported in Marshall and Wakelin (2002).

Natural forests

Estimates of the stemwood volumes removed from natural forests were provided by the

Ministry of Agriculture and Forestry. These figures show a significant decrease in natural

forest harvesting following the passing of new legislation in 1993 and its implementation

in 1995. The Forest Act 1993 has made logging in natural forests illegal, but for several

limited-life exemptions. Natural forest harvest data for 1995 onwards therefore show

only logging from these exempted forests. Such logging is assumed to cease by 2005,

although government policy announcements mean that unsustainable harvesting in

some areas will end (and has ended) sooner than this.

Stemwood volumes are converted to oven-dry weight using a factor of 0.5 (accounting

for wood moisture) and then expanded to include non-stemwood biomass using a

factor of 2.04. As for harvesting in planted forests, emissions from harvesting natural

forests are potential rather than actual.

Land clearance for new forest planting

Data is available from the Ministry of Agriculture and Forestry including the proportion

of new forest planting that occurs on scrubland. There is data from 1993 to the present

and we assume this proportion to have been around 20% prior to that time. It is

assumed, for calculation purposes, that 25% of the scrub biomass is burnt on-site and

that the remainder is left to decay. 
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Wildfire burning

Emissions from wildfires are based on fire reports collected by the National Rural Fire

Authority. These reports show the areas of forest and scrub burnt. It is assumed that all

forest burning occurs in natural forests. As reported in the national inventory reports

submitted in 2001 and 2002, carbon released from scrub and forest burnt in wildfires

is no longer reported since it is mostly re-absorbed during re-growth on the burnt land.

Hence, only non-CO2 emissions are reported here (consistent with the IPCC default

method). For planted forests, fires occur relatively infrequently and fire-damaged

standing trees are usually salvaged and thus appear in harvest statistics. Some areas in

the Fire Authority statistics involve land clearing, however the Fire Authority does not

specify whether this is for agricultural or forestry purposes. This may imply some

double-counting between these figures and those allowed for in the land clearing for

new forest planting calculations discussed above. 

As reported previously, the quantity of on-site biomass for both scrub and forest, used

in the land conversion calculations (Worksheets 5a-d), is now based on the (provisional)

results of research into indigenous forest and scrub (adapted from Hall et al., 1998).

The values reported (136t dm/ha for scrub and 364t dm/ha for forest) are based on a

national area weighted average for biomass per hectare for a range of the principal

forest and scrub vegetation classes.

The non-CO2 emissions estimated for burning of both forest and scrub biomass are

likely to be overestimated as not all biomass is typically consumed in a fire event. 

For forests, the typical fuel load combusted may only be 10-40% of on-site biomass.

For scrub, the upper value could be somewhat higher (depending on seasonal 

and other factors), although combustion is again unlikely to be complete for wildfire

events (Fire Researchers, pers comm.). The current assumptions reflect a lack of data 

on the percentage of fuel load combusted. 

6.4 Changes since the last inventory submission 

The incorporation of new input data has not resulted in significant overall changes to

the inventory but has meant revisions to all years in the time series. 

New data incorporated since the last inventory included the following:

1. The results of the latest NEFD survey as at 1 April 2001 have been incorporated 

in the planted forest models. This brings in new data for new planting, restocking

and harvesting and also improves data for earlier years in the time series. The total

forest estate area after harvest for the year ending March 2001 is based on 

(a) the latest area estimates provided by the 2001 NEFD; (b) an estimate of the

area to be planted during the year; and (c) an estimate of the area harvested during 

the year, which is derived from the estimate of clearfell volume production. 

The total estate area for the years before 2001 has been estimated through 

back-calculations using this latest NEFD area data combined with historic new

planting and harvesting information.

2. New proportions of area by NEFD regime have been used to weight the carbon

yield. Area data and carbon yields underlying the models in this report are similar

to those used previously. The difference in net "managed forest" CO2 removals

between this and the previous inventory is generally of the order of less than 2%.

Further work will be undertaken to investigate whether alternative inventory and

modelling approaches could be used for inventory estimates, to avoid recalculation

of historic estimates either as a result of changes in future intentions or as a

product of the forwards and backwards forecasting required by the current model.

3. The area of new land planting is based on Ministry of Agriculture and Forestry

statistics. These estimates are revised annually (including for the previous years, 

as provisional estimates are replaced by confirmed actual areas). 

Estimates of CO2 emissions from the liming of agricultural soils were included in the

CRF for 2000. This submission provides data on these emissions for all years from

1990 in a table at the end of this chapter and via the recalculation tables in the CRF.

The recalculation tables also show that, although the last National Inventory Report

submission included tables (like the ones at the end of this chapter) showing the CO2

released from burning on land cleared for new forest planting, due to an oversight these

emissions were not included in the total CO2 emissions from this source. This has been

corrected in this submission and included in the recalculations reported for the whole

of the time series.
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This research will make it possible to fill the major gaps in the current inventory,

including land-use changes other than new forest planting, the abandonment of

managed lands, and changes in soil carbon. The project is a five-year programme 

with the following objectives:

1. The estimation of carbon storage in soils, scrub and natural forests in 1990.

2. The development of a national system for monitoring changes in carbon storage.

3. The development of an effective information system to manage the above

information.

The soil carbon work focuses on the major factors influencing carbon storage (the 

soil and vegetation research components have been separated for the purposes of 

this project). Data on soil type, land use and climate is currently being improved and is

being used to stratify New Zealand into compartments with similar characteristics, 

thus revising estimates of soil carbon across the country and enabling estimates of the

changes in carbon stock that accompany changes in land use and land management.

Changing carbon storage will be monitored over time to establish the time profile over

which it occurs.

The research on scrub and natural forest vegetation is synthesising several existing

sources of information on vegetation area and composition, updating and completing

this data as necessary. Other research is aimed at improving data on vegetation 

biomass and the carbon held in the various vegetation components. It is hoped that

dead material and below-ground material will be able to be included in the resulting

carbon estimates.

Provisional results are available from the work under objective 1 above. Hall et al.

(1998) have estimated that in 1990 carbon stored in natural forests was 933Mt C, 

while 527Mt C were stored in scrub and other woody mixed-vegetation. Forest floor

litter carbon is estimated separately, based on Tate et al. (1997), as containing 

570Mt C for all natural vegetation (i.e. both forest and scrub areas). These estimates

are highly sensitive to both the accuracy of mapped areas and heterogeneity within

mapped classes. Current (very provisional) estimates for soil carbon at soil depth

intervals of 0-0.1, 0.1-0.3, and 0.3-1m are 1,208Mt C, 1,532Mt C, and 1944Mt C

respectively. Some soil cells are still poorly represented in the database and additional

field work is being undertaken. 

Further information on this project and initial estimates of carbon stocks at 1990 are

stated by Lawton and Barton (2002), Lawton and Calman (1999), and Hall et al. (1998). 

6.5 Uncertainty 

Attempts have been made to quantify the uncertainties in the carbon sequestration

estimates for planted forests. However, it is difficult to quantify the overall error due to

the assumptions implicit in the models. Some uncertainties within the CARBON/

DRYMAT model are well characterised (Hollinger et al., 1993). These include _+3% for

wood density,  _+15% for carbon allocation and  _+5% for carbon content. Taking the

root mean squares of the uncertainties indicates that the proportional error in the

carbon sequestration estimates is likely to be at least  _+16%.

However, the overall level of uncertainty could be higher, depending on the errors in the

NEFD area and commercial yield data. The total national planted area is thought to be

accurate to within  _+5% (Ministry of Agriculture and Forestry, 2001) and the yield

tables are assumed to be accurate to within  _+5%.

Sensitivity analysis was conducted using the above accuracy ranges for total planted area

and commercial yield and a proportional uncertainty error of  _+16%. The CARBON/

DRYMAT model runs indicate that the precision of the carbon sequestration estimates

could be of the order of  _+25%.

No uncertainty estimates are currently available for emissions from unsustainable

harvesting of natural forests or from forest and grassland conversion.

6.6 Future work

Both forest models held by Forest Research are regularly revised and re-run on the basis

of the latest year’s NEFD survey. NEFD data improves each year because more planted

area is included and boundaries are defined more precisely. This will lead to future

revisions and improvements in the inventory data, including revisions to historical years

as a result of back calculations or new data4.

Major new work in this sector includes research on the carbon held in soils, scrub and

natural forests. This research was initiated by the Ministry for the Environment in 1996

and is being carried out jointly by Landcare Research New Zealand and Forest Research.

4 New data in this context includes the case where the NEFD survey may detect previously unrecorded stands of

trees at particular ages. In such cases, NEFD data for the previous seven years must be adjusted to account for

the revised area in each age class. A similar situation arises with harvesting data and the need to adjust historical

data to match the latest information on harvest by age class. Changes in the historical time series data of estate

area by age class can thus affect both uptake and harvest estimates.
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Further enhancements to the above described system are planned, including the

incorporation of IPCC Good Practice once it has been agreed and adopted by the

Conference of the Parties.
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In 1999, the carbon monitoring systems developed during the first three years of the

project were reviewed by an international panel of forestry and soil experts. The panel’s

report concluded that the systems being developed for forests were consistent with

current forest inventory practices in other countries. Furthermore, the soils that the

system represented were measured in a significantly advanced methodology as

compared with the IPCC default method (Theron et al., 1999). The international 

review of the system was held in time for the key recommendations of the review to be

undertaken before the development phase was concluded.

The statistical design of the carbon monitoring system provides for the establishment

of 1,400 permanent field plots on an 8x8km grid across indigenous forest and shrub

across territorial New Zealand. This includes the North and South Islands, Stewart

Island, the Chatham Islands and other offshore islands. A range of standard tree and

other botanical measurements and site characteristics is recorded for each 20x20m

plot. Soil samples to a depth of 0.3m are taken for one in three plots and are analysed

for carbon content. 

The carbon monitoring system is currently moving from its design phase to its

implementation phase. The first year’s field work for the operational carbon monitoring

system commenced in January 2002 and was completed early in 2003. The second

year’s field work began in March 2003. Field work over three more years will be required

to install the complete network of field plots. Following this, another five-year round of

sampling will be required to validate the implementation and begin monitoring of any

changes. The current intention is then to repeat these measurements every ten years. 

In conjunction with the above field work, 40 paired soil plots will eventually be

established to monitor key changes in soil carbon when land-use changes (i.e. scrub to

pasture and pasture to plantation forest and vice versa). The first four paired plots are

planned to be established in the second quarter of 2003. 

A remote-sensing based Land Cover Database (LCDB), significantly improving the

accuracy of the mapped land use and land cover, became available in 2000. The LCDB

has provided a tool for improved information on the extent of all forest types (planted

and natural forest, and scrub) and land conversion and abandonment. Work is underway

to commission LCDB 2, which is intended to increase the number of major classes and

improve the thematic depth for forest classes. It is expected that LCDB 2 will be

completed in 2004. LCDB 2 is also likely to draw on ancillary land-use data from 

annual landowner surveys such as those involving AgriBase.
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Appendix to Chapter 6: 

Land-use change and forestry calculation tables 1990 to 2001

Agricultural lime calculation table 1990 to 2001
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