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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

Energy consumption in households has a great potential for energy savings as well as
for greenhouse gas emission reduction. As national inventory reports provide estimates at
only a country or regional level, we have developed a new GIS approach that increases the
resolution of emission inventories. We consider stationary emission sources, such as fossil
fuel combustion and heat production for household energy needs that cover energy demand
for cooking, water and space heating. We estimate the spatial emissions of greenhouse
gases based on IPCC guidelines using official statistics on fuel consumption and spatial
data about population density. The heating degree-day method was then used to determine
the climatic conditions and spatial variability in energy demand. The results of the spatial
inventory are obtained for settlements that are presented as area-type emission sources in
a geospatial database. The uncertainties in the inventory results are estimated using a
Monte Carlo method. The results show that uncertainties in greenhouse gas emissions at
the regional level are significantly higher than at the country level although the uncertainty
of emissions in COz-equivalent does not exceed 17.0%.

Keywords: Greenhouse gas emissions, spatial inventory, residential sector, heat production,
uncertainty of inventory results.

1. Introduction

Climate change refers to a change in the long-term weather patterns that are specific
to different regions of the world. Many researchers agree that the most likely reason for
climate change is the increasing greenhouse gas emission concentration in the
atmosphere [9]. Since the industrial revolution began, the emissions of greenhouse
gases have increased by 40% compared with the pre-industrial period [16]. It is
therefore important to draw attention to issues of climate change, directing our efforts
towards reducing greenhouse gas emissions and mitigating the negative effects of pro-
cesses that are already happening [9], {18]. However, these can only be achieved
through joint efforts that involve as many countries as possible globally.

Greenhouse gas emissions can be reduced through more efficient usage of energy
resources, transition to fuels with higher calorific values and lower emission
coefficients or increasing the share of renewable energy. However, before investing in
these changes, it is important to identify large emission sources, and therefore estimate
the potential for emission reduction for those areas. Accounting uncertainty for spatial
modeling of greenhouse gas emissions is an important part of such an analysis.

As the residential sector has a great potential for greenhouse gas (GHG) emission
reduction compared to other sectors, especially in developing countries, we, therefore,
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focus in this study on the analysis of emissions from direct fossil fuel use and heat
production for household energy needs. We discuss mathematical models and
algorithms that have been developed for spatial analysis of GHG emissions and present
the method to estimate the influence of the uncertainty of individual inventory
components on the total uncertainty of the inventory results. We apply the approach
developed here using available statistical data for Poland and present the obtained
results.

2. Spatial modeling of greenhouse gas emissions in the residential sector

Greenhouse gas emissions in the residential sector constitute a significant share in
total emissions in most countries [20]. The emissions in this sector are caused by
burning coal, natural and liquefied gas, wood and other fossil fuels in order to meet the
energy needs of the households such as cooking, water and space heating. These needs
can be covered from centralized energy supplies (e.g., district heating) or from
“individual” energy sources (i.e. energy that is obtained through direct fossil fuel
combustion).

The assessment of energy demand is not a new task. There are many global and
regional models that analyze energy needs in the residential sector. Some models
describe the household energy consumption on global scale for different regions of the
world [4], [10], while other models are developed for a particular country [7], [13],
administrative district or a city [11-12], [14-15], [19]. However, most of these
approaches analyze energy demand and greenhouse gas emissions only on an
aggregated level and do not perform an inventory for large areas at a high spatial
resolution.

The aim of spatial modeling of GHGs is to obtain geographically distributed
information on the amount of gases emitted from different sources [2], [3]. Therefore
the inventory process consists of two main steps. First, we identify the emission sources
for the sector of interest and then we allocate the amount of fossil fuels that were burned
to cover certain energy needs in this sector. Based on this data we can estimate the GHG
emissions for every emission source.

A spatial inventory of GHG emissions in the residential sector includes one
additional step. As there are no statistical data on energy consumption and fossil fuel
use at the level of settlements, statistical data must be disaggregated from the regional
level to the level of elementary objects. Therefore, the development of the
disaggregation algorithm is an important part of the inventory process.

2.1. Input data

Population density is the most essential input data for the estimation of the spatial
distribution of GHG emissions in the residential sector as it is used in the creation of
the geospatial database for the spatial GHG inventory. The territory of Poland was first
clipped from the map of population density for the European Union and Croatia [8] and
then the population estimation was adjusted using official statistical data. The objects
of the population map are referred to as elementary, as they contain information about
the size of the population at the lowest possible level.

As most of the energy in the residential sector in Poland is used for space heating,
heating degree-days are, therefore, another important driving factor for the amount of
energy that is used by households. Yearly heating degree-days were estimated as a sum
of the daily deviation of the mean temperature from a heating base temperature but were
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