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About the Workshop

The assessment of greenhouse gases and air pollutants (indirect GHGs) emitted to and removed
from the atmosphere is high on the political and scientific agendas. Building on the UN climate
process, the international community strives to address the long-term challenge of climate
change collectively and comprehensively, and to take concrete and timely action that proves
sustainable and robust in the future. Under the umbrella of the UN Framework Convention on
Climate Change, mainly developed country parties to the Convention have, since the mid-
1990s, published annual or periodic inventories of emissions and removals, and continued to
do so after the Kyoto Protocol to the Convention ceased in 2012. Policymakers use these
inventories to develop strategies and policies for emission reductions and to track the progress
of those strategies and policies. Where formal commitments to limit emissions exist, regulatory
agencies and corporations rely on emission inventories to establish compliance records.

However, as increasing international concern and cooperation aim at policy-oriented solutions
to the climate change problem, a number of issues circulating around uncertainty have come to
the fore, which were undervalued or left unmentioned at the time of the Kyoto Protocol but
require adequate recognition under a workable and legislated successor agreement. Accounting
and verification of emissions in space and time, compliance with emission reduction
commitments, risk of exceeding future temperature targets, evaluating effects of mitigation
versus adaptation versus intensity of induced impacts at home and elsewhere, and accounting
of traded emission permits are to name but a few.

The 4th International Workshop on Uncertainty in Atmospheric Emissions is jointly organized
by the Systems Research Institute of the Polish Academy of Sciences, the Austrian-based
International Institute for Applied Systems Analysis, and the Lviv Polytechnic National
University. The 4th Uncertainty Workshop follows up and expands on the scope of the earlier
Uncertainty Workshops — the Ist Workshop in 2004 in Warsaw, Poland; the 2nd Workshop in
2007 in Laxenburg, Austria; and the 3 Workshop in 2010 in Lviv, Ukraine.
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Abstract

Improving knowledge on the land cover and forest ecosystems is of a high importance for
carrying out spatial inventories of emissions and removals in forestry as the best way to achieve
reliable results of forest carbon account. The region of the study is the territory of Poland and
Ukraine, covering a substantial part of European diversity of natural landscapes. In addition,
Ukraine and Poland have a high potential to sequester carbon through afforestation. The
accuracy of available forest maps varies considerably over space. We have applied the method
of geographically weighted regression to generate a hybrid forest map for Poland and Ukraine.
This method predicts land cover types based on crowdsourced data obtained from the Geo-
Wiki project, and land cover/forest cover products derived from remote sensing. The hybrid
forest cover was found to be more accurate than the individual forest maps extracted from
global remote sensing land cover products.

Keywords: forest cover, carbon sink, remote sensing.

1. Introduction

Improving knowledge on the land cover and forest ecosystems is of a high
importance for carrying out spatial inventories of emissions and removals in forestry as
the best way to achieve reliable results of forest carbon account. Not every country
provide a full information on forest area and forest spatial distribution, including
distribution of tree species and their age [1]. The reasons for this are different, e.g.
absence of forest inventory in the territories that do not belong to forest enterprises;
unavailability of data about private forests; obsolete data of forest inventories; existence
of territories with rapid changes of forest cover, e.g. encroachment of forests in
abandoned agricultural land. Providing an accurate data on forest spatial distribution is
one of the steps towards an appropriate estimation of full carbon account [2]. One of
the ways to complement the forest data is involving remote sensing data in the
estimation of forest area and forest parameters. In this study, we developed a new forest
map at a resolution of 60 m by fusing available data derived from remote sensing.

The region of the study is the territory of Poland and Ukraine, covering a substantial
part of East-European diversity of natural landscapes. Forest in Poland covers more
than 30% of the total area of the country while Ukraine is a forest-poor country with
less than 16%. This provides a contrasting set of countries for analysis. In addition,
Ukraine and Poland have a high potential to sequester carbon through afforestation [3].

As input data we used a number of global land cover products as well as global forest
maps that have become recently available. The accuracy of these maps varies
considerably over space [4]. We have applied data fusion methods to combine available
sources of forest allocation in order to produce a hybrid product of higher accuracy than
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to be improved by the producers as they cannot be used for detection of forest changes
in space neither.

Table 1. Accuracy, sensitivity and specificity of the hybrid forest map and the input

Forest Ukraine Poland
mans Accuracy | Sensitivity | Specificity | Accuracy | Sensitivity |Specificity
P % % % % % %

A hybrid 90,1 91,0 87,0 91,2 95,6 86,1
map
Hansen 86,7 95,0 716 89,0 87,0 91,3
s map
Globelan 88,2 92,3 83,1 82,6 85,5 80,5
d 30m
JAXA 84,7 84,0 852 832 91,6 722
map

The total forest area from the hybrid maps has been found to be approximately
9.56 min ha and 9.7 mln ha for Ukraine and Poland, respectively. In official statistics,
Ukraine reports to have 9.57 min ha of forest land [15]. Such a high consistency seems
surprising taking into account that reliable inventory data is available only for 8.5 min
ha of forest. In addition, official Ukrainian reports do not account forest land on
abandoned agricultural land and contain obsolete data about protective forests and
shelterbelts on agricultural land, particularly in steppe and forest steppe zones of the
country. These processes are revealed on regional level providing increase the forest
area in the northern part and decrease — in the southern one. The simplified calculation
allows us to conclude that the hybrid map estimates the total forest area in Ukraine with
uncertainty in limits of 2-3%, while regional estimates are more uncertain and likely
less biased than forest inventory data.

According to the official forest reports of Poland, the country has 9.2 mln ha of forest
land [16]. Taking into account that the hybrid map also covers the settlement areas
covered by trees (e.g., parks and garden), this also could be a reason of some, relatively
small discrepancy in our estimates and official data of forest areas in Poland and
Ukraine.

4. Conclusions

The hybrid forest cover for Poland and Ukraine was found to be more accurate than
the individual forest maps extracted from global remote sensing products. Overall, these
estimates are rather close to the countries’ official statistics taken into account some
inconsistency in the forest definitions used by official statistics and by this study. The
two major current processes of rapid changes of forest area of Ukraine are: 1)
restoration of forest vegetation on abandoned agricultural land in the forest zone and 2)
impoverishment of protective forests in the southern part of the country. These
processes provide different impacts on the change of forest area are not satisfactory
reflected by the official forest inventory.

For countries that do not currently have an accurate enough land cover data, the
presented methodology provides an opportunity to develop forest maps that can be
further used in different national, regional and global applications, including accounting
and verification of emissions of greenhouse gases in space and time. This study shows
that uncertainties of such maps do not exceed uncertainties of other components of
carbon budget of forest ecosystems.
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