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BACKGROUND

Newly planted forests (post-1990), in particular, offer the
potential to offset CO2 emissions by taking up and storing
carbon in forest biomass and soils. The sequestration potential
of these forest sinks has been substantially enhanced by the
establishment of more than 260,000 ha since 1990 following
the introduction of afforestation grant schemes. Under the
agreed terms of the Kyoto Protocol, Ireland is committed to
reduce greenhouse gas (GHG) emissions by 13% above the
1990-base year level. Current estimates (1990-2004) suggest
that GHG emission levels are 23% above the 1990 level.
Assuming a business as usual scenario, it is estimated that the
contribution of national forests, under Article 3.3, may offset
ca. 16% of the required GHG emissions for the first
commitment period. However, estimation of the extent to
which forests sequester carbon in the mid to long term is
hindered by a high degree of uncertainty due to spatial
heterogeneity and temporal variability.

The Irish carbon reporting system (CARBWARE) was
initially implemented in 2004 to meet reporting requirements
to the United Nations Framework Convention on Climate
Change (UNFCCC) on all national forest sources and sinks.
Whilst this model indicates the likely contribution of forests
to the national C storage (sink) potential, the system has relied
on the use of generalised stand growth models to describe
changes in forest carbon stocks because of the lack of national
forest inventory (NFI) data. The availability of detailed NFI
data and new research information now provides the
opportunity to develop CARBWARE and improve estimates
of national forest carbon stock changes. Experimental and
observational research information, carried out by the
CARBiFOR II and FORESTSOILC projects, is aimed at

supporting and developing the CARBWARE reporting
system.

OBJECTIVES

The overall objective is to report C stock and stock changes
in Irish forests using the agreed UNFCCC format for land
use, land use change and forestry (LULUCF) and the
International Panel for Climate Change (IPCC) good practice
guidance on LULUCF and Kyoto reporting.

Specific targets are:

• Analysis of NFI and iFORIS data streams to extract
relevant information in a format compatible with
CARBWARE;

• Refinement and redevelopment of CARBWARE to
include species and yield class specific biomass models;

• Statistical sensitivity analyses to select a GPG-LULUCF
complaint reporting procedure with the smallest
uncertainty and error;

• The implementation of a database of input data to allow
for QA/QC of input data and formatting input data for
mathematical operations in CARBWARE computations;

• Development of a Windows-based software interface
based on the CARBWARE model and with compatible
LULUCF, UNFCCC reporting table and Kyoto output
files. This software should be able to run different
scenarios and incorporate uncertainty analysis;

• Incorporation of a Harvested Wood Product (HWP) C-
store reporting procedure into CARBWARE;

• Independent peer review of reporting mechanism, prior
to final submissions and redevelopment if required;

• The publication of a LULUCF and Kyoto reporting
manual, which complies with GPG requirements, for Irish
forests;

• Implications of climate change on potential sequestration
by Irish forests using an Ecological Site Classification
(ESC), yield-based model, under different climate change
scenarios.
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PROGRESS

UNFCCC reporting

The CARBWARE project is responsible for providing the
EPA with LULUCF reports on an annual basis. Significant
refinements to the reporting system in 2008 included:

• Implementation of a national system to capture
deforestation based on national forest inventory, Coillte
inventory and felling licence information;

• The inclusion of nitrous oxide (N2O) emission estimates
for drained forest soils for LULUCF reporting.

National strategy, policy and negotiation support

A large proportion of CARBWARE’s resources were aimed
at providing strategic support for international burden sharing
and climate change negotiations. A range of forest sink
projections up to 2020 were compiled to clarify both the Irish
and EU options in the negotiation process (Figure 1). Major
considerations to be addressed in the next Conference of
Parties (COP 15) meeting in Copenhagen are:

• Agreement on accounting rules for the period 2012 to
2020;

• Inclusion of land use activities post the first commitment
period. CARBWARE provided estimates of sink/emission
for all afforestation and deforestation activity since 1990
(i.e. Article 3.3 forests) and for all other managed forest
land planted before 1990 (i.e. Article 3.4 forests).

Ireland did not previously elect Article 3.4 activities for the
first commitment period due to uncertainty associated with
the models and incomplete accounting for litter, deadwood
and soil carbon pools. However, it is possible that the
reporting and accounting for all forest land could become
mandatory after the first commitment period (i.e. after 2012).
Most recent projections using CARBWARE suggest that the
managed forest may represent a small sink between 2012 to
2020 (Figure 1b) if forests are managed in a sustainable
manner. Therefore, it would be a small advantage to account
for Article 3.4 forests in the future. The extent and magnitude
of the emission or sink for 3.4 forests would depend on:

• current annual increment;

• timber removal from harvest and disturbances.

Growth modelling

A single tree model for Sitka spruce has been parameterised
and optimised using Coillte permanent sample plot data. The
models have been designed to specifically cope with data
from the NFI, which does not provide sufficient information
to utilise stand-based models such as GROWFOR. The
unique features of these models are:

• Single tree models can be applied to semi-natural, mixed
species and uneven aged stands;

• The model includes a competition factor that can cope
with different mortality and competition effects within

one species cohort. So, for example, one model can be
used for thinned and non-thinned stands of different
planting densities;

• The model is dynamic since it can account for the spatial
and state transitions that represent stand development.

CARBWARE projections

The national forest estate can be divided into two categories for
Kyoto accounting purposes: Article 3.3 forest (afforested and
deforested areas since 1990) and article 3.4 forests (all managed
forest land afforested before 1990).

Figure 1a: CO2 sink (uptake) by Article 3.3 forests based on three
different afforestation rates.

Article 3.3 forests are likely to sequester 2 to 4.5 M t CO2 per year
between 2009 and 2020 based on the current afforestation rates
(ca. 8000 ha year-1). This potential may vary slightly in the short
term depending on future afforestation rates. This projection
suggests that the maximum technical potential for mitigation under
this option is primarily limited by the afforestation rate due to socio-
economic factors such as land price and competing agricultural
policy.

Figure 1b: Emission/sink projections for the article 3.4 forests
(negative values represent a net loss or emission for any given
year). The broken line represents different harvest scenarios. The
projected harvest of 3 million m3 is based on projections for Coillte
lands (Gallagher and O’Carroll 2001), which represents 92% of the
article 3.4 forest area. The CARBWARE projection forecasts a
harvest of 2.7 million m3.

Negative values indicate where harvest is greater than increment.
The maximum technical potential for mitigation using this option is
largely determined by management. For example, the downward
future trend (net emission) for the 3.4 forest may be due to factors
such as harvesting before rotation age is reached (i.e. before
maximum mean annual increment) or a proportional increase in
timber demand from the same area with a decreasing standing
volume.
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Software specification

The software code for the CARBWARE package has been
specified and designed. Source code for the growth
component of the model is currently being programmed in
Visual Basic. The software will contain four modules:

1: Pre-processing and growth simulation: contains NFI data
processing functions and growth model source codes for
major species.

2: Stand modification: the module will interact with the
growth simulator to account for the following four factors:
a) mortality, b) harvest, c) fire and d) deforestation.

3: Biomass allocation: this module will process carbon stock
changes in the biomass, litter, deadwood and soil pools.

4: Reporting: this module will scale up the simulated data
based on NFI, research information and models to
produce user defined reports specifically designed for
LULUCF and Kyoto reporting.

ACTIVITIES PLANNED

• Development of five more cohort models.

• Development of harvest and growth modifier module in
software.

• Development of biomass allocation module.

• Completion of reporting module.

• Uncertainty analysis and scoping of Monte Carlo system
for software development.

• QA/QC of data inputs to the CARBWARE software.

• Implementation of felling sampling system.

• Assist FORESTSOILC and CARBiFOR II with statistical
analysis of paired plots data for detection soil carbon stock
changes.

• Submission of National LULUCF and Kyoto report 2008
including deforestation, fire activities.
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Collaborations and Committees

• Management committee member of ECHOES: Cost
FP0703 (Expected Climate Change and Options for
European Silviculture).

• Member of National Steering Group on climate change
impact and adaptation.

• Member of National Steering Group on Climate change
mitigation.

• Participation in workshops on LULUCF reporting issues.

• UNFCCC reviewer on LULUCF.
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