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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

This report presents a novel approach for allocation of spatially correlated data, such as
emission inventories, into finer spatial scales conditional on covariate information observable
in a fine grid. Spatial dependence is modelled with the conditional autoregressive structure
introduced into a linear model as a random effect. The maximum likelihood approach to
inference is employed, and the optimal predictors are developed to assess missing values in a
fine grid. The usefulness of the proposed technique is shown for agricultural sector of GHG
inventory in Poland. An example of allocation of livestock data (a number of horses) from
district to municipality level is analysed. The results indicate that the proposed method
outperforms a naive and commonly used approach of proportional distribution.

Keywords: GHG inventory, agricultural sector, spatial correlation, disaggregation, conditional
autoregressive model

1. Introduction

Spatially resolved inventories of greenhouse gases (GHG) contribute valuable
information for an assessment of carbon sources and sinks. Various authors point out
that a regional or local formulation improves accuracy of the assessment. Quality of
these inventories is subject to various conditions; particularly, it depends on availability
of high resolution activity data.

In case of national GHG inventories, relevant information about low resolution
activity data needs to be acquired from national/regional totals. A procedure of
allocation into smaller spatial units (like districts, municipalities, and finally 2x2km
grid cells) differs among various emission sectors. Basically, all the emission sources
are categorised as line, area or large point emission sources; further steps differ
significantly for each group. Area sources comprise e.g. agricultural fields, urban areas
as well as highly dense urban transportation network. In this case, a procedure of spatial
allocation depends on methods and technologies of fossil fuel combustion in a
considered sector [1]. A common approach though, is a spatial allocation made in a
proportion to some related indicators that are available in a finer grid.

In this study, the statistical scaling method is developed in order to support the
procedure of compiling high resolution activity data. We propose the method for
allocating GHG activity data to finer spatial scales, conditional on covariate
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observations are related to this process through a measurement error with the variance
oZ. The approach to modeling y; expresses an assumption that available covariates
explain part of the spatial pattern, and the remaining part is captured through a spatial
dependence. The CAR scheme follows an assumption of similar random effects in
adjacent cells, and it is given through the specification of full conditional distribution
functions of y; fori = 1,.

u;lu_z~6au<xTﬂ+pz, le (uj— %/ B). )

]tl
where u_; denotes all elements in g but ;, w;; are the adjacency weights (w;; = 1ifj
is a neighbour of i and 0 otherwise, also wy; = 0); w;, = X;w;; is the number of
neighbours of an area i;x! 8 is a regression component with proxy information
available for area i and a respective vector of regression coefficients; 72 is a variance
parameter. Thus, the mean of the conditional distribution y;|g_; consists of the
regression part and the second summand, which is proportional to the average values
of remainders u; — ijﬂ for neighbouring sites (i.e. when w;; = 1). The proportion is
calibrated with the parameter p, reflecting strength of a spatial association.
Furthermore, the variance of the conditional distribution p;|p.; is inversely
proportional to a number of neighbours w;, .
The joint distribution of the process gt is the following (for the derivation see [2])
i~ Gau,(XB, 72(D — pW)™1) (D

where D is an n X n diagonal matrix with w;, on the diagonal; and Wisann X n matrix
with adjacency weights w;;. Equivalently, we can write (1) as

u=Xp+e &~Gau,(0,Q) (2)
with @ = 72(D — pW)~L.

The model for a coarse grid of (aggregated) observed data is obtained by
multiplication of (2) with the N X n aggregation matrix C, where N is a number of
observations in a coarse grid

Cp=CXB+Ce, Ce~ Gau,(0,€QCh) 3)
The aggregation matrix C consists of 0’s and 1’s, indicating which cells have to be
aligned together. The random variable A = Cpu is treated as the mean process for
variables Z = {Z;})_, associated with observations z = {z;}}_, of the aggregated model
(in a coarse grid)

Z|A ~ Gauy(A,021y)

Also at this level, the underlying process 4 is related to Z through a measurement error
with variance 62

Model parameters fB,0%,7% and p are estimated with the maximum likelihood

method based on the joint unconditional distribution of observed random variables Z

Z~Gauy(CXPB, oIy + CQCT) (4)
The log likelihood function associated with (4) is formulated, and the analytical
derivation is limited to the regression coefficients #; further maximization of the profile
log likelihood is performed numerically.

As to the prediction of missing values in a fine grid, the underlying mean process u
is of our primary interest. The predictors optimal in terms of the mean squared error are
given by the conditional expected value E(u|z). The joint distribution of (g, Z) is

H acT ])
[z] Ga“ﬂ”"( cxp] [m a3y +cact ©)
The distribution (5) yields both the predictor E{]z) and its error Var (] z)
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