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ABSTRACT: The two major treaties that set up the institutional and legal framework for
tackling climate change at international level are the 1992 United Nations Framework
Convention on Climate Change (UNFCCC) and its 1997 Kyoto Protocol (KP). The
obligations that stem from Portugal’s adherence to these two legal instruments led to the
establishment of the National Inventory System of Emissions by Sources and Removals
by Sinks of Air Pollutants. In this paper we present the data andmethodology that will be
used by Portugal for reporting under theUNFCCCand theKP, in the LandUse, Land-Use
Change and Forestry (UNFCCC) sector, with an emphasis on land-use data and on the
role of satellite-based information for monitoring land-use change over the Protocol’s
commitment period. From the point of view of land-use data needs and having into
account a cost-benefit perspective, the proposed methodological framework for
Portugal’s reporting under the UNFCCC and the KP encompasses the use of a general
land use/cover cartography based on aerial images, with reference to the base-year (1990)
and key-years over the commitment period, complemented with forest change
monitoring (forest fires, harvest and replanting), based on satellite imagery. This is a
general methodological framework, currently still under development. This framework
will be tested, validated and improved through a pilot-study to be undertaken in the future.

1 FRAMEWORK

Our Planet’s climate has always had some natural variation. However, most scientists
agree nowadays that the increase in concentrations of greenhouse gases (GHG) in the
atmosphere, as a result of economic and demographic growth over the last two centuries,
is overriding this natural variability and leading to climate change in a potentially
irreversible manner (UNFCCC secretariat 2002). The change in the world’s climate can
result in a cascade of environmental effects, namely an increase in the frequency and
intensity of extreme weather events, higher or lower agricultural yields, glacial retreat,
species extinctions or increases in the ranges of disease vectors (IA 2006). Changes in
land-use, particularly when it comes to deforestation, are an important factor to consider
in terms of contribution to global climate change since they affect carbon stocks and thus
CO2 fluxes to and from the atmosphere (IA 2006).
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The two major treaties that set up the institutional and legal framework for tackling
climate change at international level are:

* The 1992 United Nations Framework Convention on Climate Change, which entered
into force on 21 March 1994. The ultimate objective of the Convention is “to achieve
( . . . ) stabilization of greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate system”
(UN 1992, pp. 4).

* The 1997 Kyoto Protocol to the UNFCCC, which entered into force on 16 February
2005. Although this international agreement builds upon and shares the ultimate
objective of the Convention, it goes much further, namely through its binding
commitments on Annex I Parties to limit or reduce GHG emissions, and by setting
several innovative mechanisms to facilitate compliance with those commitments
(UNFCCC secretariat 2007). The allowable level of emissions (assigned amount) for
eachAnnex I Party is set in relation to the level of emissions in the Party’s base year and
refers to the five-year (2008–2012) commitment period of the Protocol (UNFCCC
secretariat 2007). As a result of the European Union (EU) burden-sharing agreement
(Decision nr. 358/2002/CE, 25 April), Portugal must limit its GHG emissions to +27%
comparatively to its level of emissions in 1990.

Portugal ratified the UNFCCC on 21 December 1993 and the KP on 31 May 2002.
The obligations that stem from the country’s adherence to the two legal instruments led
to the establishment of the National Inventory System of Emissions by Sources and
Removals by Sinks of Air Pollutants (SNIERPA), through the Council of Ministers’
Resolution nr. 68/2005, of the 17th of March. SNIERPA sets the legal, institutional and
procedural framework for Portugal’s reporting under the UNFCCC and the KP, both on
time and in accordance with the directives defined at international and European
Community levels (IA 2006, INCM 2005). The System involves several entities as focal
points for the various emission sectors, with the Portuguese Geographic Institute (IGP)
being the focal point for land use change, within the sector forestry and land use change.
The UNFCCC and the KP address GHG not covered by the Montreal Protocol; for
reasons of resource optimisation and efficiency, SNIERPA includes a wider group of air
pollutants.
In terms of reporting obligations, both the UNFCCC and the KP require a periodic

national communication and an annual report. Parties can submit a single communication
or report for both the Convention and the Protocol. The annual report is due around one
year after the year it refers to. Under the Convention, it has to contain the national
inventory of GHG emissions and removals. The Kyoto Protocol has more precise
reporting requirements (namely at spatial level) and additionally establishes a set of
strict evaluation procedures in order to allow compliance verification (accounting). In
the KP the sector of Land Use, Land-use Change and Forestry (LULUCF) is treated
separately and differently from all the other sectors, as a result of the concerns of some
Parties regarding the uncertainties and technical difficulties associated with the
estimation of its emissions and removals (UNFCCC secretariat 2007). Specifically, the
KP limits the accounting of emissions and removals originating from this sector to a set
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of specific activities defined, on the basis of land use, under Article 3, paragraphs 3 and 4
(UNFCCC secretariat 2007). Whereas reporting the activities defined under Article 3,
paragraph 3 (afforestation/reforestation and deforestation) is obligatory, Parties may
choose whether to report or not the activities specified under Article 3, paragraph 4 (UN
1998; UNFCCC secretariat 2007). From the later, Portugal has chosen to report all
activities except revegetation, i.e. forest management, cropland management and
grazing land management (IA, 2006). For reporting under Article 3, paragraphs 3 and 4,
of the Kyoto Protocol, Parties have to select the values that they will apply for defining
forest. Portugal’s choices were as follows (IA, 2006): Minimum area �1 ha; Minimum
tree crown cover � 10%; Minimum tree height � 5 m; Minimum width � 20 m.
There are different on-going initiatives and projects in the field of remote sensing

applied to climate change, in the LULUCF sector, with a view of helping countries to
meet their reporting obligations under the UNFCCC and the KP. An example is the GSE
Forest Monitoring service, financed by the European Space Agency (ESA) in the
framework of the Global Monitoring for Environment and Security (GMES) programme
(http://www.gmes-forest.info/). Another example is the Kyoto-Inv (Services for the
Kyoto Protocol verification) project, executed in the framework of ESA’s Data User
Element programme (http://kyoto-inv.pisa.intecs.it/).
This paper’s main objective is to present the data andmethodology that will be used by

Portugal for reporting under the UNFCCC and the KP, in the LULUCF sector, with an
emphasis on land-use data and on the role of satellite-based information for monitoring
land-use change over the Protocol’s commitment period. The methodology that will
actually be applied in the future is currently under development and therefore what we
present here is a general methodological approach.

2 LAND-USE DATA NEEDS

To assess the land-use data needed for fulfilling Portugal’s reporting obligations under
the UNFCCC and the KP, several aspects have to be considered. Firstly, as was above
mentioned, the reporting requirements under the Protocol are supplementary relative to
what Parties have to report under the Convention. Inventory agencies should evaluate if
the data they intend to use to produce the annual inventory for the UNFCCC are enough
to meet the information demands of the KP (IPCC 2003). In terms of relationship, the
activities defined under Article 3, paragraphs 3 and 4, of the Protocol should be
considered as sub-categories of the basic land-use categories defined in IPCC (2003, pp.
2.6). These categories (forest land, cropland, grassland, wetlands, settlements and other
land) are the ones used for reporting under the UNFCCC and will be hereinafter termed
IPCC land-use categories. Secondly, for the KP not only the data requirements related
with the estimation of emissions and removals have to be considered, but also the
implications that derive from the application of the accounting rules, which are specific
of each activity. Thirdly, the different choices made while defining the methodology that
will ultimately lead to the estimation of GHG emissions and removals, obviously affect
the data that Parties define as necessary or relevant. A crucial aspect that must also be
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considered is the temporal perspective. This aspect refers, on the one hand, to general
obligations imposed by the UNFCCC and the KP (e.g. annual reporting) and, on
the other hand, to the specific definitions and rules applicable to the activities defined
under Article 3, paragraphs 3 and 4, of the Protocol. Finally, in the case of cropland
management and grazing land management, and for reasons of methodology, it was
decided to identify separately the management practices with high potential for
soil carbon sequestration (SNIERPA WG 2006b). These practices (hereinafter called
specific management practices) constitute potential CO2 sinks. In Portugal they receive
funding through the EU agro-environmental measures and correspond to the practice of
no-tillage (in cropland management) and biodiverse pastures (in grazing land
management).
In this framework, Portugal’s land-use data needs can be summarized as follows:

* For reporting under the UNFCCC (national inventory): all areas of no-change and
change between the six IPCC land-use categories, for all years since 1990 until each
reporting year;

* For reporting under the KP (Article 3, paragraphs 3 and 4), for each year of the
commitment period:

* Areas of afforestation/reforestation and deforestation since 1990; additional
identification, for afforestation/reforestation, of the harvested and non-harvested
areas since the beginning of the commitment period;

* Areas subject to forest management (including harvest and replanting), cropland
management and grazing land management; in these last two separate identification
of specific management practices.

* For reporting under the KP (Article 3, paragraphs 3 and 4), for 1990: additional
identification of areas of cropland and grazing land management.

3 METHODOLOGICAL FRAMEWORK

As can be inferred from the compilation presented in the previous section, from the point
of view of land-use data the ideal situation for Portugalwould be to have a cartography for
the base-year, plus an yearly cartography during the commitment period. However, this
option would be extremely costly. On the other hand, in spite of the fact that Parties have
to report GHG emissions and removals annually, good practice in the LULUCF sector
does not demand annual data collection, “since data from national inventories done on 5
to 10 year cycles, can be interpolated” (IPCC 2003, pp. 3.16). At this point, it is also
appropriate to analyse howEarth Observation data (specifically aerial images vs. satellite
data) can be used to produce land-use information for the purpose at stake, with the
required spatial and thematic characteristics and in an operational manner. Based on
previous studies conducted at the Remote Sensing Unit of IGP (see section 4), on the
conclusions of the SNIERPAWorking Group for Article 3, paragraphs 3 and 4, of the
Kyoto Protocol (SNIERPAWG 2006a, b, c, d, e), and having into account a cost-benefit
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perspective, the proposed methodological framework for Portugal’s reporting under the
UNFCCC and the KP is the following:

* Use of a general land use/cover cartography based on aerial images, with reference to
the base-year;

* Use of a general land use/cover cartography based on aerial images to characterise the
first year of the commitment period; this cartography should be produced as close as
possible to that year;

* Production of a general land use/cover cartography based on aerial images as close as
possible to the end of the commitment period, not only to characterise the situation in
that point in time but also to correct the estimates done in intermediate years for GHG
emissions and removals;

* Complement this coverage with forest change monitoring (forest fires, harvest and
replanting), based on satellite imagery;

* Complement the general land use/cover cartographywith other available land use/cover
databases (e.g. an institutional georreferenced database, used in the control of the grants
given through the EU agro-environmental measures, will be applied for identifying the
specific management practices in cropland and grazing land management).

The general cartography is a land use/cover cartography for Continental Portugal
(COS), to be provided by IGP. It encompasses three statuses: already existing (COS90,
with reference to the base-year); planned (COS2005/2007, to be produced as close as
possible to the first year of the commitment period); and proposed (COS2010, with
reference to 2010 and envisioned to be available in 2013). In terms of technical
specifications COS is a vector (polygon) cartography, with a Minimum Mapping Unit
(MMU) of 1 ha. The nomenclature of COS2005/2007 is a five-level hierarchical
nomenclature, equal to CORINE Land Cover nomenclature down to the third level and
with 192 classes at the most detailed level. Following the recommendations in IPCC
(2003) the nomenclature of COS2005/2007 was developed in such a way as to allow
compatibility with the IPCC land-use categories. This was done in the framework of an
advisory committee, which was created to contribute to the definition of the
nomenclature. The committee involved all relevant public and private entities and end-
users of the cartography, including SNIERPA representatives.
Additionally to land-use issues other sorts of data and methods are needed for the

ultimate calculation of GHG emissions and removals. These matter to land-use data
providers in that they have to be crossed andmatchedwith land-use data andmethods.We
briefly present here some highlights of the proposed methodological framework at this
level:

* The quantification of carbon stock changes in forest living biomass will be done
through an integrated approach, combining the general polygon cartography for land-
use change detection with point data from the National Forest Inventory;

* Concerning the quantification of carbon stock changes in the soil, which is a
crosscutting issue to the various land-use categories and activities, different possible
sources of data and methodologies are currently under analysis. For cropland and
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grazing land specific management practices, dedicated models with country-specific
data are being developed, in the framework of already on-going projects.

4 ROLE OF SATELLITE-BASED INFORMATION

As mentioned above, the general cartography that will be the main source for land-use
change detection will be complemented through forest change monitoring with
information derived from satellite imagery.
Forest fires will be monitored through an annual satellite-based cartography of the

General-Directorate of Forest Resources. Forest fires have a big impact in Portugal and
constitute a crosscutting issue to the various activities associated with the forest category.
In fact, although it is considered (SNIERPAWG 2006b) that they do not change the land
use (the areas affected by fire events are not classified as deforestation since it is assumed
that those areas are maintained in the same use, through either replanting or natural
regeneration), forest fires have a significant impact in terms of GHG emissions.
The identification of harvest and replanting areas will built upon the methodologies

developed in the framework of the project AGRO130 (Using satellite images for
automatic mapping of forest clear cuts and new plantations). At a general level, this
project (http://www.igeo.pt/gdr/projectos/agro130/) aimed at answering the following
question: can satellite images be used for operational monitoring of forest clear cuts and
new plantations, at local and regional scales? Specifically, what are the minimum areas
that can be mapped using Landsat-5 Thematic Mapper and IKONOS images,
respectively, with an adequate accuracy?
The automated methodology developed in the project made use of multi-temporal

analysis and vegetation change detection techniques based on vegetation indices.
Specifically, the changes invegetation cover between twodateswere detected on the basis
of the difference between the vegetation indices derived from the satellite images
acquired on those dates.While developing themethodology several tests were performed
with different parameters, including theMMU(Figure 1). The results obtainedwere quite
satisfactory and it was concluded that (Nunes et al. 2007):

* Landsat-5 TM images can be used for automated mapping of forest clear cuts and new
plantations, with a good accuracy, at regional scale (1:100 000) and with a MMU
of 4 ha;

* IKONOS images can be used for automated mapping of forest clear cuts and new
plantations, with a good accuracy, at local scale (1:10 000) and with aMMU of 0.5 ha.

In relation to the project CARFOR, the main objective was to evaluate the potential of
IKONOS images for the production of land cover cartography for Continental Portugal,
focused on vegetation cover characterisation and with a special emphasis on the
differentiation between tree species. The potential of these images was evaluated under
two distinct perspectives: (1) as substitutes for aerial photography in the process of photo-
interpretation; (2) for the production of the required cartography using automated
methods. The methodology applied in this last case used a pixel-object combined
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approach. The results obtained with the automated method were not encouraging of the
use of IKONOS images for characterizing land cover with a MMU of 1 ha, in an
operational manner, as required for Portugal’s reporting under the UNFCCC and the KP.
The overall accuracy obtained for the automated method was 58.7% and, for the visual
interpretation relative to the same study-area, 69.1% (Plantier & Caetano 2007).

5 FUTURE DEVELOPMENTS

In agreement with its main purpose, the paper presented themethodological approach for
Portugal’s reporting under the UNFCCC and the KP. This was done at a general level
since the methodology that will actually be applied is still under development. The
general methodological approach for Portugal’s reporting will be further developed and
tested in the future through a pilot-study (IA 2006).
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