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QUANTITATIVE RISK ANALYSIS AND EVALUATING ENVIRONMENTAL
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The objective of this study was to identify advantages of the system approach to evaluating environmental pro-
tection projects (EPP) and to identify way to get a best result in such areas: Consistent selection more inte-
grated and comprehensive environmental protection strategies which addressed both regulated and non-
regulated activities; Development of local capacity to independently environment issues. From methodological
point of view the analysis and evaluation of environmental protection projects requires a multidisciplinary ap-
proach. Based on technical information (risk analyses), assessments can be made from an economical objec-
tives although effects of aversion and acceptance would also have to be taken into account..
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Introduction

We are facing increasing environmental concerns
associated with water, air, and soil pollution as well as
climate change induced by human activities. Therefore
accurate assessment of the state of the environment is a
prerequisite for undertaking any course of action to-
wards improvement [1].

One of the problems is that inflexible limits are set
that are technically, but not economically, feasible [2].
This added expenditure can inhibit an industry’s ability
to develop more advanced and cost-effective pollution-
control technologies. Another problem is the lack of
uniformity between the various levels of government
and regions.

Most regional environmental protection projects
suffer from the "megaprojects paradox" [3], the core of
which is that more of these projects are being imple-
mented, but such projects typically perform very poorly,
often with substantial cost overruns and shortfalls. To
be effective we must provide a system for relating large
numbers of actions and environmental factors and for
placing value judgments on impacts which are difficult
to quantify. Additionally, it is necessary the arrange-
ments that the impact of alternative actions is evalu-
ated and considered in project planning.

Environmental protection projects require carefully
designed decision making processes. Decision-making
process is essentially political in nature. It involves
weighing the benefits and costs and making trade-offs
among a range of considerations. Often, the views of
interested parties are represented directly and decisions
are made through an incremental process of negotiation,
bargaining and compromise. For major proposals, a
number of formal instruments can be used to develop
the information necessary for sound decision-making.

Thus, the main focus here is the search for mecha-
nistic decision rules, linked to acceptance regional envi-
ronmental protection projects.

1. The concept of risk

There is no precise definition, however, of what
constitutes an "acceptable risk"; it is basically a subjec-
tive notion. In its simplest form, risk denotes the level of
uncertainty associated with an individual's given action.
The acceptance of risk is generally governed by the de-
gree to which it is considered to be relatively improb-
able and of limited consequence. We continue study
“acceptance of risk” with regard to East Ukrainian re-
gion, filled of chemical facilities [4].

In a chemical facility, as in any industrial plant,
risk assessment distinguishes between the potential haz-
ards that might be encountered in the absence of any
protective measures, and the residual risks that will still
remain despite the measures taken. The problem lies in
assessing the latter, since there is no way of ensuring
that they have been completely eliminated. A number of
approaches and methods exist for analyzing risks. We
distinguish between two main categories:

a. Statistical methods. Data are available to predict
the future performance of the activity or system ana-
lyzed. These methods can be based on data extrapola-
tion or probabilistic modeling.

b. System analysis methods. These methods are
used to analyze systems where there is a lack of data to
accurately predict the future performance of the system.
Insights are obtained by decomposing the system into
subsystems/components for which more information is
available. Overall probabilities and risk are a function of
the system’s architecture and of the probabilities on the
subsystems/component level [5].
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2. Statement of the problem

The problem of evaluating environmental protec-
tion projects is more complex than their corresponding
mathematical model and to compensate this gap, some
linguistic explanation occasionally adds to the results
obtained through the models. In order to quantify such
information, it is possible to apply the uncertainty
measure on the basis of existing available data with the
additional information from expert knowledge and ex-
perience [6].

Thus, the problem of selection more integrated and
comprehensive environmental protection projects has
such formulation.

Let ¢; —1is an effect from realization the i-th envi-

ronmental project. Let binary variable x; is described by
the score function:

« _JL
03=
0,
Then problem of selection consists in definition of
EP projects led to utility maximization:
L(x):ZZixi (1)

i€Q

if EP project i is accepted;
if EP project i is rejected.

in account of restrictions:
> Gp; <R, ()
i€eQ

where Q - subset of approved (funded) projects.

3. Procedure of EPP selection

As noted above, for project evaluation best suits
system analysis methods [7]. The procedure for select-
ing the best projects may include the following succes-
sive stages

1. The environmental impact analyses
The economical analyses
Analyses of extra factors
Decision procedure
Analysis of results

The environmental impact analyses require the
definition of two aspects of each action which may
have an impact on the environment. The first is the

bl

definition of the magnitude of the impact upon specific
sectors of the environment. The second is a weighting
of the degree of importance of the particular action
on the environmental factor in the specific instance
under analysis.

Similarly to [8] evaluating the environmental im-
pact of an environmental program can be outlined in
the following manner:

a. A statement of the major objective of the pro-
posed project.

b. Analysis of technologic possibilities of achiev-
ing the objective.

¢. Definition actions for achieving the stated objec-
tive.

d. Preparing the report with details the character-
istics and conditions of the existing environment
prior to the proposed action.

e. For each project the principal engineering pro-
posals must be prepared. Project costs must be esti-
mated.

f. The proposed plan of action, together with
the report characterizing the present environment,
sets the stage for evaluating the environmental im-
pact of the proposal. If only one proposal is made in
the engineering report, it is still necessary to evaluate
environmental impacts.

Consequently we obtain two EPP attributes: re-
maining risk and risk reduction.

Remaining risk is the risk which remains after car-
rying out protective measures; the remaining tolerable
risk in spite of protective measures.

Risk reduction orrisk difference is the decrease
in risk of a given activity in relation to a control activity.

The economical analysis. Questions on optimum
protection measures have always been bound to eco-
nomic considerations. This involves a comprehensive
investigation and analysis of the effect of environment
protection measures with an appropriate concept of risk.

By comparing the annual costs for measures and
the expected risk reduction, it is possible to make com-
parisons between measures with a short-term and long-
term effect [9-10]. Example of technical and economi-
cal analyses results are represented in Table 1.

Table 1
Environment Protection Projects (EPP) Summary
EPP no. Technical analysis Economical analysis
Remaining Risk Risk Reduction Annual Efficiency
Objects Persons Objects Persons costs Objects Persons
1 0,14 0,41 0,04 0,02 100 1,4 3,1
2 0,12 0,32 0,01 0,03 150 1,8 -
3 0,23 0,21 0,31 - 200 2,3 2,1
4 - 0,16 0,54 - 500 - 4,3
5 - 0,37 - 0,06 1500 1,6 1,4
6 protect - 0,23 0,10 1600 2,6 2,3
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Analyses of extra factors. Measuring progress to-
ward the project’s overall goals of improving the envi-
ronmental quality to ensure human health and ecologi-

Table 3
Fragment assessment of EPP

. . ) EPP No. Criteria
cal, social, and economic benefits is a long-term proc- 121314151 6 Tk 16 kT« ]
ess. Nevertheless, participants can point to several envi- T 1+ 100 61 12 13 _f 7
ronmental and other accomplishments to characterize [ T 50 1 4 16121 = 3
the project’s progress in meeting the previously stated [3 T 200 | 10| 4 | 3 | - | 135
objectives. It can be inclusion of numerical values for |4 T 500 | 5|5 ]2~ 85
the EPP future potential, local group involvement etc. 5 + 11500 | 10 | 10 | 5 | 10 | 25,5
Overall estimates are placed in the Table 2. 6 |+ |+ 250 | 10| 7 | 3| - | 15
Table 2 7 + + 300 {16 | 5 | 4| -- | 20,5
Overall estimates for the EPP 8 | + + 600 | 11| 6 | 3 | - | 15,5
EPP N 9 + + | 1600 | 16 | 11 | 6 | 10 | 32,5
0. -
Indices 10 + | + 350 [ 14 | 10| 5 21,5
1 2 3 4 5 11 + + 650 | 9 |11 | 4| -- | 16,5
12 + + | 1650 | 14 | 16 | 7 | 10 | 25,5
1 1 2 1 2
Costs G 00 50 00 | 500 500 3 o 700 11519 135 = 7
EnVl'ronment k|6 4 10 5 10 14 + + 11700 | 20 | 14| 8 | 10 | 31
efficiency 15 +[+]2000][15]15] 7 ]10] 26
Economical 16 | + + | + 450 20 11 6 - 28,5
efficiency | 2|1 |6 |4 3 |10 7+ ]+ m 750 | 15|12 ] 5 | - | 23,5
Local group
involvement ks | 1 2 3 2 > Conclusion
Future . .. . .
. ky | - - - - 10 In conclusion, it is worth noting that the final deci-
potential

In this case the effect from realization i-th envi-
ronmental protection project (/;) represents as an aggre-
gative criterion and can be evaluated as a sum effects
with a weight coefficient w,, for each criterion k,.

n
4= Z Ok - 3)
m=1
In fact, o, correspond to importance of m-th crite-
rion k,, and is an expert-specific.

Decision procedure

The analysis embodied in the Tables 1-2 is made
with a (1-3) and Table 3. This provides a format for
comprehensive review to remind the investigators of
the variety of interactions that might be involved.

It helps the decision makers to identify alternatives
which might positive impact.

The number of variants listed horizontally in
this sample is 5 and the vertical list of environmental
characteristics (criteria) contains 6, which give a total
of 30 possible interactions. Within such a table, only
a few of the projects would be likely to involve
impacts of such magnitude and importance that they
deserve comprehensive attention.

For example, for

according to (1-2) for R=500 the set of EPP will include
such options: {7, 10, 16}.

The best one is a project No.16 which includes 1, 2
and 3 EPP.

sion is extremely sensitive to the choice of priorities.
Due to the fact that we are dealing with an active sys-
tem, selection criteria and their evaluation performs
individual managers, the fact that consideration of the
procedures to coordinate the interests of the region and
the center are necessary.

From methodological point of view the analysis
and evaluation of environmental protection projects
requires a multidisciplinary approach. Based on techni-
cal information (risk analyses), assessments can be
made from an economical objectives although effects of
aversion and acceptance would also have to be taken
into account.
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KIJIbKICHUAM AHAJII3 PU3UKIB I OI[IHKA ITPOEKTIB
B I'AJIY3I OXOPOHHU HABKOJIMIITHBOI'O CEPEJOBHIIIA

O.1. Pazanues, I.C. Ckapza-banoyposa

Mertoto 1aHOTO JOCIiKEHHs OYJI0 BUSIBIEHHS TIepeBar CUCTEMHOT'O ITAXOAY 0 OIIHKH HPUPOJO0XOPOHHUX
npoektiB (EPP) i Bu3HaueHHs crioco0y OTpHMaHHSI HAaMKpamoro pe3yiabTaTy B HACTYITHHX OOJIacTsX: BHOIp Haii-
O1JIbIII KOMIUIEKCHOT 1 BCEOIYHOT €KOIOTIYHOI CTpaTeril 3aXHCTy, 1110 BPaXOBYE SK PEryIbOBaHi TaK i HeperyaboBaHi
BUJIY JiSUTBHOCTI, PO3BUTOK MiCIIEBOT'O MOTEHIIIAIy OPIEHTOBAHOTO HA CAMOCTIHE BUPILIEHHS MTUTAHb OI[IHKU PU3H-
KiB Ta OXOPOHH HaBKOJIMIIHBOTO CEpelOBHIIA. 3aCHOBaHI Ha TeXHIUHIH iH(OpMAIl OIIHKK MOXYTh OyTH OTpUMaHi
BUXO/ISIYU 3 EKOHOMIYHHUX 3aBJaHb. Y CTAaTTI MIOKa3aHi NepeBaru CUCTEMHOTO MiIXOy IPY OLIHI TPUPOTOOXOPOH-
HUX IPOEKTIB.

Karou4ogi ciioBa: aHami3 pu3HKiB, IPUPOAOOXOPOHHUN IIPOEKT, MPUIHATTS pillleHb, CHCTEMHHIA aHai3.

KOJIMYECTBEHHBI AHAJIA3 PUCKOB M OIIEHKA ITPOEKTOB
B OBJIACTU OXPAHBI OKPYKAIOIIEN CPEJIbI

A.U. Pazanyes, U.C. Cxapza-banoyposea

Lenpro JaHHOTO HCCIENOBAaHUsS ObUIO BBISBICHHE IPEHMYLIECTB CHCTEMHOrO IOJXO/a K OIIEHKE IPUPOIO-
oxpanHbIx nipoekToB (EPP) n onpesenenue cnocoba noixyveHus HAWTYYIIero pe3yjabTara B CIACAYIOIMX 00JacTsX:
BEIOOp HanOosee KOMIUIEKCHOW M BCECTOPOHHEH DKOJIOTMYECKON CTpaTerdH 3alllvThl, YUYUTHIBAIOIICH KaK peryiu-
pyeMble M HEperyJupyeMble BUIBI JESITEIbHOCTH, Pa3BUTHE MECTHOI'O ITOTEHIIMAlla OPHEHTHPOBAHHOIO HAa CaMo-
CTOSITENIFHOE PElIEHHE BOIPOCOB OLEHKH PUCKOB M OXPaHbI OKpyKaroled cpeabl. OCHOBaHHbIE Ha TEXHUYECKON
nH(pOpMAaLUK OLIEHKH MOTYT OBITh ITOTYYEHBI HCXO/IS M3 SKOHOMHUYECKHUX 3aa4. B craThe moka3aHbl MpEeUMYIecTBa
CHCTEMHOT0 ITOJIX0/1a TIPH OLEHKE IPUPOAOOXPAHHBIX MTPOEKTOB.

KnroueBbie c10Ba: aHan3 pUCKOB, IPUPOJOOXPAHHBIN MPOEKT, MPHHATHE PELICHUH, CHCTEMHBIA aHaJIH3.
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