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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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A method for estimating time evolution of precision and accuracy
of greenhouse gases inventories from revised reports
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! Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland
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Abstract

In the paper a statistical method for estimating the evolution of GHG inventories is
proposed. For estimation the revisions of inventories published in consecutive years are
used. Data from the National Inventory Reports up to 2007, and then up to 2014 are
analyzed. A parametric model and a procedure for estimating parameters are described,
and examples of their applications are presented. As a result, statistically significant
trajectories of standard deviations are obtained and clear improvement of inventory
accuracy in time is observed.

Keywords: greenhouse gases inventories, uncertainty, modeling

1. Introduction

According to the United Nations Framework Convention on Climate Change
(UNFCCC) and its Kyoto Protocol, each of the cosignatories is obliged to provide
annual data on greenhouse gas inventory. Each report contains data from a given year
and revisions of past data, whenever required, but it also has to deal with uncertainties.
Data for previous years are revised when more precise information is obtained. This
means that revisions made in different years use different knowledge, and hence
uncertainties in different revisions are incomparable. The question therefore arises,
whether it is possible to compare and organize data on GHG emission, to get as much
information about the unknown uncertainty as possible. Disscussion on that problem
can be found e.g. in [1], [2], [3], and many others.

The goal of that paper is an attempt to find an answer to that question, by proposing
an alternative method of uncertainty assessment. This is done by analyzing how the
uncertainty of the inventory reports changes over the consecutive yearly revisions.
Based on the data from the National Inventory Reports up to 2007 and then the data up
to 2014, in view of revisions of inventories published in consecutive years, we observed
significant improvement of inventory accuracies in time. The results obtained indicate
a clear learning effect in inventory calculation.

In Section 2 we present the idea of interpreting the data and propose a parametric
model, that describes the uncertainty structure in the inventory reports. Section 3
contains the results of fitting the model to data from the National Inventory Reports for
Austria. Conclusions are given in Section 4.

2. Presentation of the model

We analyze data from the national inventory reports, Let E” — denote the inventory
data for the country i, in the year n revised in the year y, and let ¥ — denote the last year,
when the revision is made. For a given country i all the inventory data form a table, in
which each row contains consecutive revisions of the data for a given year (Table 1).

97






4th International Workshop on Uncertainty in Atmospheric Emissions

where the mean values and standard deviations are of the form
myi=a(Y —y;), oy i=oavi+bf(Y —y;), b#0

and f is a function, such that

I - 3) > =32,

The parameters a; and b;, for a country #, associated with the stochastic fraction S}’,‘ji

can be estimated from the data, together with oy ;. Parameter a; describes a shift in the
accuracy of the inventory gathering, and b; — a shift of the precision level. They both
depend on the difference between the revision year yj; , and the most recent revision year
Y, due to the learning. To find the deterministic fractionDy’;, the smoothing splines can
be used, as presented in [4]. This approach, when applied to the most recently revised
data Ey;will give not only the estimate of the deterministic fraction, but also an estimate
of the variance o7,

Algorithm for a fixed country i

Fix ¢ and consider all the inventory data E",‘J, in the year n for n =1,..., N;, revised

in the year y;, j = 1,...,J. For a fixed country i, the procedure can be described as
© WS,

1. For the most recently revised inventory data v calculate the smoothing
spline Sp, and estimate the variance 0% of the stochastic fraction Sp.

2. Subtract the spline Spy, built on the data from the year Y, from all
earlier revisions EJ., y; <Y, calculating differences
E" —-Spy, n=1,...,N;, 5=1,...,J.
For some yea.rs the dlﬁ'erence v does not exist, due to lack of revised inventories

in this year. These years are skipped from the sequence of N; data.
‘We consider the following model:

(1) v;‘~N(mj,aj), n=1,...,N; j=1,...,J
where
@ mj=a(Y ~y;), oj=oy —b(Y —y;)**, b#£O.
Assume also that differences (1) are independent.
3. Estimate parameters ¢, b, and ¢ (and hence m; and g5, j = 1,...,J in (2))

in the following three-step procedure.
Step 1. Estimate parameters a; and 8;, = 1,...,J in the model

mi=oy(Y —y;), 0;=0v +5 (Y —y), Bi#0,
using  aximum Likelihood estimators

eyt 5o W)
i Y Ni(Y —y5) & ’ Y -y '

), — 7
where 9; = F, pIREN uP.
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Table 2. Estimates of parameters in the model (1) - (2).

j 1999 2000 2001 2002 2003 | 2004 parameters
m; | 862 7.18 5.74 4.31 2.87 1.44 a=144
o; | 1119.33 | 1099.62 | 1074.95 | 1042.20 | 994.20 | 906.87 | b = 1158.6, ¢ = —1.11
Parameter | Estimate Model fit
a 1.44 a? = 43669
b 1158.6 | St.error=0.056, t-test: p-value=0.000000023, R* = 0.99
c -1.11 St.error = 0.045, t-test: p-value=0.0000152
g B § -
g N g i
-
< R
2 8 il
8
- § |
° L e S R R | § T T T T T
1999 2000 2001 2002 2003 2004 1989 2000 2001 2002 2008
year_} your_j

Figure 3. Estimates of m; and ¢;, j=1999..2004, Austria.

The analysis conducted gives the information about the data considered. The mean
values tend to zero and we may take into account the speed of that convergence. The
sequence of standard deviations is strictly decreasing, indicating a reduction in the
emissions.

The main result — the uncertainty assessment is the sequence of relative values of the
form

depicted in Figure 4a), together with the relative uncertainties provided in the National
Inventory Report. One can observe that the relative values are significantly smaller than
the uncertainties published in the reports, which means that the assessment proposed is
more accurate.

For comparison, in Figure 4b) we present the analysis, conducted for the Austrian
National Inventory Reports data available up to the year 2014 (i.e. for ¥ =2012). Also
in this case, one can notice that uncertainty assessment obtained using the method
proposed is significantly better than those published in the official reports.
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