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SUMMARY

Reducing greenhouse gas (GHG) emissions, considered to be the main cause of global warming, is one of the greatest
challenges of our time. The implementation of new practices is assisted by the supreme audit institutions, among them
the State Audit Office of Hungary, with advice based on their audits. Auditing is effective when it is carried out in the
areas most at risk of failing the objective. The SAO's experts have developed a method for identifying the branches of

the national economy the most at risk in terms of reducing GHG emissions. The essence of this method, the developed

logical probability model and the results of the calculations are presented in this article.
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INTRODUCTION

In line with the aim of the European Union, the
Hungarian Parliament set the achievement of carbon
neutrality by 2050 in Act 44 of 2020 on Climate
Protection. To this end, greenhouse gas (GHG)
emissions should be reduced to 50 percent of 1990
emissions by 2030. The State Audit Office of Hungary
(SAOQ), as the main financial and economic audit body
of the Parliament, tries to help achieve the goal set by
the Parliament through its audits. The first step is to
identify those sectors of the economy where GHG
emissions need to be significantly reduced, as the
failure to do so poses a serious risk to meeting the
national target. As a second step, it is expedient to
focus the SAO's audits on the GHG emission reduction
programs of the sectors of the national economy that
are considered to be at risk This article presents the risk
identification method developed for this purpose and
its results found. The method can be widely used, as
reducing GHG emissions is a vital task for every
country, so it is important to identify the risks that
threaten the achievement of this goal.

SUMMARY OF THE LITERATURE
USED

One of the most widely used methods of climate
protection research and official analysis is risk
assessment. The risks associated with global warming
can be divided into two major groups: The first is the
'mitigation risk’, i.e. the inadequate reduction of
greenhouse gas emissions. The second is the
"adaptation risk," which means that humanity,
individual communities, the economy among others
cannot adapt to warming temperatures which cause
severe ecological damage. The literature on climate
risks deals with the latter to a greater extent. However,
the topic of this article is related to the mitigation risk.
Mitigation in the climate change context refers to
actions aimed at the reduction of greenhouse gas
emissions relative to baseline case. The importance of
climate change risk assessments is recognized by the
United Nations Framework Convention on Climate
Change (UNFCCC) which underlines the importance
of evidence-based risk assessment to guide public
policy (Adger et al, 2018.)
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Given that the fight against global warming
requires international cooperation, it is appropriate that
the risks associated with this issue be analysed in
accordance  with  an  internationally  agreed
methodology. In order to standardize risk assessment at
a national level, the European Commission has
published Guidelines (European Commission, 2010).
In this article, we use the terminology of these
Guidelines. This is also justified as EU regulations on
climate protection set mandatory requirements for
Member States.

Our research, on which this article is based, aims to
identify mitigation risks in climate protection in order
to focus the SAQO’s audits on the most significant risks.
According to the Guidelines, risk identification is “the
process of finding, recognizing and describing risks. It
is a screening exercise and serves as a preliminary step
for the subsequent risk analysis stage.” (European
Commission, 2010. p. 20.)

There is a century-old tradition of risk assessment
in auditing. “The idea of the inevitability of audit risk
in the context of achieving a balance between the
benefits associated with its presence and the costs,
expressed in Dicksee (1904). .... This, in turn, initiated
systematic scientific research aimed at understanding
the essence, structure and key characteristics of the
risks associated with the implementation of the
professional function of the auditor.” (Arzhenovskij et
al 2019. p. 74.)
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“The fundamental question during the identification
of risks, i.e. “Which are the possible events the effects
of which can threaten goals?” remains unchanged. In
this case, however, “goal” is not construed to mean an
organisation’s goals, rather, in broader terms, the basic
social expectation of the compliant and efficient
utilisation of public funds ... Where analysis involves a
population (e.g. central subsystem institutions,
partnerships, private individuals) with a great number
of elements, the key goal of risk analysis is to sort the
elements according to the specified risk criteria, i.e. to
establish a kind of risk “ranking” in the interest of
selecting the riskiest elements.” (Domokos et al 2015.
p. 11.)

To explore risk factors in more detail, audit experts
began to apply the decomposition or breakdown
method. The essence of this is to break down the
studied phenomenon (process) into factors (sub-
processes) and to examine how (positively or
negatively) and with what weight these factors
influenced the process itself in the past. We then
extrapolate the future development of the sub-
processes and, on this basis, determine how the main
process itself would develop, if the past sub-processes
were to continue. (See Figure 1.) Instead of the
technical projection, we can develop different scenarios
for the expected evolution of the sub-processes and
assign different probabilities to their occurrence.

positive risk factor

~ stable factor

N

~N
N

negative risk factor

past present

Source: Based on Pulay - Simon (2020) p. 35., own edited

A 4

future

Figure 1. Risk identification of processes by breaking down the process into factors (sub-processes)

Of course, it does matter how the breakdown into
factors (sub-processes) takes place. A practical way to

X

do this is to use a logical probability model. Each step
of this model is outlined in Figure 2.
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Figure 2. Steps of the logical probability model

e The starting step is to outline the logical structure
of the studied phenomenon (task). The essence of
this step is to explore the nature of the
relationship between the factors that have a
significant impact on the given process: for
example, their impacts add up or multiply.

e During the formalization of the logical model of
the process, it is expedient to graphically
represent the process, indicating the relationship
among the factors, the nature of the relationship,
and their impacts on the process.

e In the third step, we assign probabilities to the
revealed impacts, i.e., estimate the probability that
these impacts will occur. We can primarily use
the data of the previous period for the estimation,
but we can also use expert estimates.

e In the fourth step, we use the logical model to
determine the mathematical function by which the
impacts and their probabilities can be summed
and to calculate the degree of risk. The
probabilities estimated in the third step can be
modified somewhat, and by substituting these into
the logic model, sensitivity tests can be
performed.

Public debt

Public debt rate

Source: Domokos — Pulay (2020) p. 40
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The logical probability model was applied by the
SAO to assess the risks threatening the fulfilment of
the public debt rule. The essence of this rule is that the
Hungarian public debt rate, which is the ratio of public
debt to GDP, must decrease from year to year until it
reaches the level of 50 percent. It is clear that both
public debt and GDP are affected by a number of
factors, which is why the SAO analysts divided the risk
of non-compliance with the government debt rule into
factors. Through this decomposition, they were able to
assess one by one the expected evolution of the factors
influencing the numerator or the denominator, as well
as the likely impact of each factor on the public debt
rate. As a logical probability model, the SAO analysts
adapted the value-tree model developed by the
international  consultancy company  McKinsey’s
researchers  for evaluating corporate  property
(Copeland at al, 1994) to the public debt risk
assessment. The first part of the model is presented by
Figure 3. The value tree developed by the SAO has an
additional branch, so a total of 21 factors were
examined for impact during the risk assessment.

Budget deficit

Management of
public debts

Competitiveness
Development

jl Employment

Socio-economic

sustainability

Figure 3. The logic probability (value-tree) model for the risk assessment of the public debt rule

From the SAO’s audit aspect the breakdown to
factors is important because it is likely to reach risk
factors the audit of which belongs to SAO’s
competence. For instance, from factors indicated in
Figure 3, SAOI is mandated to audit — and actually

does so regularly — the management of public debts or
the implementation of employment programmes. By
using the presented risk assessment method, the SAO
was able to identify a number of negative and positive
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risks. (See: Pulay — Simon 2020 and Domokos — Pulay
2020).

THE APPLICATION OF THE LOGIC
PROBABILITY MODEL FOR THE
IDENTIFICATION OF RISKS TO THE
ACHIEVEMENT OF CLIMATE
NEUTRALITY TARGETS

The aim of the research was to identify those branches
of the national economy whose expected GHG
emissions jeopardize the achievement of the 2030
greenhouse gas emission reduction national target. This
risk identification not only provides information for
decision-makers, but also provides guidance to the
SAO in which sectors of the national economy to audit
GHG emission reduction programs. Obviously, it is
advisable to audit where the risk is high.
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The National Energy and Climate Plan (NECP) of
Hungary worked out and published by the Ministry of
Innovation and Technology determines the target of
reducing GHG emissions until 2030, demanding a 40
per cent reduction in GHG emissions until 2030
compared to the 1990 level. In order to reach the target
set by the NECP, domestic GHG emissions should be
reduced by an additional 15.7 per cent of the GHG
emissions of 1990 until 2030, compared to 2018, since
in 2018, Hungarian GHG emissions accounted for 84.3
per cent of the 1990 level. Considering the involuntary
reduction in GHG emissions in 2020 (exact data are not
known yet), it is realistic to expect that a one per cent
reduction in GHG emission per year should be
achieved from 2021 to 2030 on average.

Is there a risk that Hungarian GHG emissions will
not reach this level? Based on the evolution of
greenhouse gas emissions between 1990 and 2018, as
shown in Figure 4, we must say a resounding yes as a
reply to this question. .

Figure 4. GHG emissions from manufacturing activities in 1990-2018
(thousand tons of carbon dioxide equivalents)

After 1990, we can observe two decreasing sections
in the diagram. First in the period 1990-1992, factories
of the heavy industry. that had earlier been the largest
emitters, were closed causing the economy to decline,
and as a result, GHG emissions dropped dramatically.
From 1993 to 2008, GHG emissions stagnated with
some fluctuations, then the financial crisis of 2008 hat
broke out and triggered a decreasing period of several
years. However, that was followed by a period of rise,
when GHG emissions increased with the economic
expansion.

The figures indicate that, in spite of the improving
numbers, it is a realistic risk that in the case of dynamic
economic growth, the improving trend of GHG
emissions might be broken, or at least will not reach
the desired value. The occurrence of this risk depends
on a number of factors. One such factor is economic
growth itself which is accompanied by an increase in
GHG emissions, unless GHG emissions per unit of
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production decrease at a similar rate. The latter is
therefore another significant factor.

It may be reasonable to break down the total GHG
emissions of the economy into GHG emissions within
individual branches of the economy. This is justified by
the fact that the GHG emissions of the individual
branches of the national economy are fairly different in
both volumes and tendencies. That is t there is a risk
that in spite of a general declining trend, individual
branches of the national economy might see a growth
in their GHG emissions, making the commitment of
national level impaossible to fulfil.

THE LOGICAL PROBABILITY
MODEL USED FOR CLIMATE RISK
IDENTIFICATION
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The main process in our risk identification is the GHG
emission at the national level, and we identify risk
factors by breaking them down to sub-processes. The
sub-processes are the GHG emissions of individual
branches of the national economy, which are further
divided into two factors: One of the factors is
production in the given branch of the national
economy, and the other is the GHG emission per one
unit of production (specific GHG emission). Reduction
in GHG emissions is hindered by two factors: first,
technological development and the transformation of
the product mix do not result in the desired reduction in
specific emission. Secondly, the volume of production
grows dynamically, therefore the actual GHG emission
may increase (or decrease less than required), even if
the specific GHG emission is significantly reduced.
These are two completely different risks in their nature,
therefore we should manage them separately.

In the calculations, the main process is measured in
the quantity of GHG emission expressed in CO:
equivalents (hereinafter: K). The process is considered
risky when GHG emission does not drop to the
required level between two examined dates. The
required level is a. (In the case of a 10 per cent
required reduction 0=0.9). Specifying the risk in a
formula, we can say that the risk occurs when the
following inequality is not satisfied:

Q) Ki < a xKo

Placing the branches of the national economy into
formula (1), we receive the following formula:
2 YKii < a XY Koi

where K is the volume of the GHG emission of the
i-th branch of the national economy at time t,

K oi is the volume of the GHG emission of the i-th
branch of the national economy at time 0.

GHG emissions of national economy level can be
broken down to the production in individual branches
of the national economy (the added value created there)
and the specific GHG emission of manufacturing
(GHG emission of one unit of production). Following
the breakdown to factors, the inequality in formula (2)
is as follows:

(3) > CiixVii < axy. CoixVoi

where
Voi is the added value of the i-th branch of the
national economy at time 0,
Vi is the added value of the i-th branch of the
national economy at time t,
Cauiis the volume of the specific GHG emission of
the i-th branch of the national economy at time 0,
Ciiis the volume of the specific GHG emission of
the i-th branch of the national economy at time t.
The model of breaking down to factors (for four
branches of the national economy) is shown in Figure
5.
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Figure 5: Logical probability model of breaking down national GHG emissions to factors

IDENTIFICATION OF THE RISK

economy over time as sub-processes, processes where
the extent of reduction does not reach the required rate

The above model allows us to identify those branches
of the national economy that involve risks as regards
GHG emissions, and, as a result, audit may focus on
these branches. Considering the changes in the GHG
emissions of individual branches of the national

can be identified as processes carrying negative risks.
Expressed in a formula:
(4) CoixVoi ICiixVii > a

After rearranging:
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(5) CoixVoi ICtixVii/a > 1

Now we shall use this method to analyse the
following: in the case of a dynamic economic growth,
the expected emissions of which branches of the
national economy would present a risk factor for the
achievement of the national objective.

Considering the above points, we identified the key
question of our risk analysis as follows: In which
branches of the national economy will the expected
GHG emissions present a risk to Hungary’s ability to
reach the target set by the NECP for 2030 in the
reduction of GHG emissions during a dynamic growth
in the economy? The annual average reduction of one
percent was considered a risk criterion. With this in
mind, in order to identify the risks, we formulated the
following question: in which branch of the national
economy is there a risk that the reduction of GHG
emissions will not reach 1 per cent on an annual
average by 2030.

The previously mentioned risk assessment
guidelines issued by the European Commission states
that “risk identification should be based as much as
possible on quantitative (historical, statistical) data.”
(European Commission, 2010. p. 20.) Following this
instruction, we examined whether the GHG emissions
of individual branches of the national economy reached
the 1 per cent reduction on average in the five-year

Household activities
Administrative
Construction industry
Manufacturing industry
Trade

Agriculture

Cultura

Transportation

period between 2013 and 2018. The GHG emissions of
branches not reaching the five percent decline over the
five-year period analysed, are considered as risky from
the aspect of reaching the target set for 2030.
Consequently, in formula (5), a should be replaced by
5.

Calculations according to formula (5) were
performed with the data of each branch. In terms of
inequality (5), branches where the calculation yielded a
value greater than 1 were considered risky.

Data used for the research: The Hungarian Central
Statistical Office (HCSO) publishes GHG emission
data in a breakdown according to the branches of the
national economy, too, and this allows us to examine
this phenomenon in the depth of individual branches,
based on official data.

THE RESULTS

Figure 6 shows how the indicator metering the
reaching of the GHG emission target developed in the
individual branches of the national economy in 2013-
2018. Branches that achieved values below 1 satisfied
the one per cent annual GHG emission reduction rate.
However, the GHG emissions of national economy
branches characterised by values over 1 present risks to
the objectives of reducing GHG emissions.
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Figure 6. Results of the calculations by branches of the national economy

The figure shows that until 2018, seven branches of
the national economy managed to reduce emissions by
5 per cent compared to the base value of 2013. These
branches of the national economy accounted for 38.1%
of the emissions at the national level in 2018. Among
the branches that did not reach the targets, four
branches of the national economy achieved extremely
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high values (over 1.40), while six branches had values
between 1.10 and 1.40. Three branches of the national
economy were close to reaching the target, as their
indicators were 1.10 or lower.

The risk analysis confirmed that changes in the
GHG emissions of individual branches of the national
economy in a dynamic growth period project both
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negative and positive risks regarding the question
whether Hungary is able to achieve the GHG emission
reduction target set in the NECP by 2030, assuming a
dynamic economic growth. However, from the aspect
of reaching the target, it is alarming that among
national economy branches that were well below the
annual average one per cent reduction in GHG
emissions in 2013-2018 (their indicator was over 1.10),
we found four branches that had their specific GHG
emissions among the six highest values. At the same
time, it is a positive risk that in the branch of “Electric
energy”, which has the highest specific emission, the
requirement of reducing the GHG emission by one per
cent in a year was met between 2013 and 2018. It is
also favourable, that the “Water supply” branch, which
has the second highest specific emission, was only
slightly below the required value.

THE USE OF OUR RESEARCH
RESULTS FOR AUDIT PURPOSES

From the audit point of view, it does matter whether a
branch of the national economy has proven to be risky
because its specific GHG emissions have fallen less
than desired or because its production growth rate has
been above average. Since the SAO can formulate
proposals for reducing GHG emissions, but it is not
expedient to make recommendations for curbing
production.

Consequently, it is useful to arrange risky branches
of the national economy into groups, based on the
question whether their risks are the consequences of
their over-the-average economic growth or the slower
reduction in their specific GHG emissions, or both.
When defining the principles of this grouping, we use
the national objective of reducing GHG emissions as
the basis. Placing the specific GHG emission and the
volume of production into formula (1), we get
the following formula:

(6) Ccx Vi<axVyxCy

where Vo= GDP of the base year
V(= GDP of year t
Co = specific GHG emission in the base year
C:= specific GHG emission of year t
After rearranging the formula, we get the following
inequality:
@) Ci/ Co<axVo/ Vi

If we specify the rate of economic growth in the
period between years 0 and t, we can calculate the
value of C;/ Co too, i.e. we can define the minimum
reduction in specific GHG emissions that would make
sure that GHG emissions do not exceed the required
level. Along this logic, it can be identified as a risk
originating from the insufficient rate of reduction in
GHG emissions that the reduction in the specific GHG
emission of the given branch of the national economy
did not reach the rate of Ci/ Co, i.e.

(8) Ct/ Co< Ciil Coi

It is a risk originating from the dynamic economic
growth of a given branch of the national economy
when the growth rate of production in a branch of the
national economy exceeds the national average growth
rate, i.e.:

9) Vil Voi > Vt/ Vo

It may also happen that these two risks occur at the
same time, and there will be risk-free branches in the
national economy, too.

We performed these calculations based on the facts
that in 2013-2018 the growth rate was 14.5%. With this
growth, specific GHG emission had to fall to 83.05 per
cent of the 2013 value to achieve a five per cent
reduction in the GHG emission in five years.

We identified the risk of dynamic economic growth
in those branches of the national economy where
growth exceeded the average rate, and we found the
risk of slow specific improvement in branches where
the improvement did not reach the above value. In
certain branches, both risks occurred. The results of the
calculations are summarised in Table 1.
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Table 1

Classification of the branches of the national economy into risk groups

Specific emission reduction Specific emission reduction
below the expected level above the expected level
Risk of slow specific improvement:
Manlc‘\z;\;:tt:rrlsrzjg u;dustry No risk
Economic growth T PRly Inf. comm.
below average .ranspo.rtc'.altlon. Real estate business
Public administration )
. Miscellaneous
Education
Human
Risk _double Risk of dynamic economic growth:
Agriculture —
S Mining
, Construction industry .
Economic growth Trade Electric energy
above average Administrative Hoyztalzty
Finance
Culture Science, technolo
Household activities ' 9y

Source: own edited

The table contains - in italics - those branches of the
national economy, too, that were not qualified as risky
in the calculations, as this does not exclude the
possibility that they carry some risks in one of the two
risk factors. In the case of the “Education” branch of
the national economy, the rate of specific emission did
not reach the expected level, so GHG emission
remained under the required level because of the
relatively low rate of economic growth. This fact
includes the risk that in the case of a faster economic
growth, the GHG emission of the “Education” branch
of the national economy will also exceed the required
level.

Among the branches qualified as risky in the
calculations, altogether two branches of the national
economy were identified in which it was not possible
to reduce emissions to the required level only because
of their growth exceeding the average growth dynamics

o

of the economy. This draws attention to the fact that in
the dynamic growth period of the Hungarian economy,
the major risk factor was not dynamic growth, either,
but the fact that it was not coupled with the expected
decrease in specific GHG emission. This is clearly
indicated by the fact that from the 13 branches
qualified as risky, the risk of “specific emission
reduction being below the expected level” was
identified in the case of 11 branches. This proves that
there is still room for improvement, and an audit
carried out by the SAO may discover the conditions
that hindered the necessary reduction in specific GHG
emissions in several branches of the national economy.

The risk-based selection of audit areas is important
for audit offices, as in principle they are able to achieve
the highest added value by analysing the riskiest areas.
The risk-based selection is supported by the risk tree,
which is shown in Figure 7.
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Figure 7. Risk tree for the selection of the focus areas of the auditing of reductions in GHG emissions

Figure 7 follows the logical model of breaking
down GHG emissions into factors. The figure shows
the seven branches we found the riskiest in our
calculations, in a sequence of their risk indicators. The
list differs from the sequence presented in Figure 6 as
we omitted those branches of the economy where GHG
emissions in 2018 were lower than one per cent of the
GHG emissions of the whole national economy. The
risk of dynamic economic growth is marked in grey
and the risk of slow improvement of specific emission
is marked in black. (The relevant information can be
found in Table 1) The use of the colour grey is justified
by the fact that dynamic growth in itself cannot be
considered as a risk from an audit point of view, as it
would be hardly reasonable to submit a proposal to
slow down growth. Audit should focus on those
branches of the national economy where the risk is

generated by the slow improvement in specific GHG
emissions. In these cases, the audit may inquire
whether the given branches of the national economy
have taken the measures and worked out the
programmes required for a significant improvement in
specific GHG emissions, and whether they have
established the framework of the successful and
efficient implementation of these programmes, and
whether they monitor implementation.

As a summary, we can say that the risk tree is like a
fruit tree, where harvest should start with the fruits on
the highest branch. In the case of the risk tree, the black
box of the highest branch means the area of the highest
risk, and as we go down, we may select additional
areas marked with black blocks that should be in the
focus of audits.
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