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RESOURCE MANAGEMENT AND FORECASTING LOSSES
WITHIN THE PROJECT ORGANISATIONAL STRUCTURE
OF THE CIVIL PROTECTION SYSTEM

YnpasieHue pecypcamMu U MPOTHO3HPOBAHKE MOTEPH
B IIPOCKTHO-OPTraHU3AMNOHHBIX CHCTEMAX IPAKIAHCKOMN 3alHTH

Zarzadzanie zasobami i prognozowanie strat w projektowej strukturze
organizacyjnej systemu obrony cywilnej

Abstract

Objective: To develop a method, based on Pareto principles, for increasing resource management effectiveness with prediction and
minimisation of losses arising from emergency situations, both industrial and natural within the project-based organisation structure
of the civil protection system.

Methods: Theoretical research of an effective management process, with the aid of Pareto distribution, was applied to project
organisational structures through the Office of Civil Protection. Current project management tools such as: PMBOK, P2M, PRINCE2,
ICB, etc. provided a basis for scientific research. During the research process various methods were applied such as: systems theory,
systems analysis, statistical analysis, cognitive analysis theory, mathematical modelling, information technology and management.
Results: Presentation of theoretical and experimental data allowed for the calculation of losses during emergency situations. These
were determined with the aid of Pareto distributions and statistical methods, with a focus on minimising and estimating losses
more accurately. The developed technique allows for the control of singular as well as global losses, at all phases as well as levels of
management within the project office, simultaneously ensuring the mitigation of losses and attainment of a high level of functional
effectiveness of the civil protection system. The basis for the developed technique was a mathematical description of characteristic
indicators and maximum as well as total losses for the Pareto distribution. This approach revealed credible data which will help to
increase the effectiveness of performance in a unified system of civil protection. Results allow for better management decisions,
improved predictions and minimisation of losses arising from environmental disasters.

Conclusions: Results from research allowed, on the basis of long term statistical data, to achieve a high degree of convergence. The
developed technique, using Pareto distributions, demonstrated that its application to resource management in the civil protection system
leads to minimisation of losses during emergency situations and optimisation of the project management process, simultaneously
making it possible to anticipate resource losses at all stages. Furthermore, research was harnessed to address current and applied
research challenges, which impact on the improvement of project and programme management; optimal allocation of losses and
creation of the most favourable conditions for the organisational management of a unified system of civil protection under the auspices
of The Office of Civil Protection. The proposed method describes characteristic values of total and maximum losses, which may
be used to obtain most accurate and relevant data, which in turn make it possible to minimise errors during management decision
making, and significantly enhance the research base for projects and programme management methods . Obtained results will afford an
opportunity to consider the unified system of civil protection in Ukraine in context of a project organisation structure.
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AHHOTANMSA

Ilean: Pa3paboTka MeTo/|a OCHOBAHHOIO Ha pacnpenencHuy IlapeTo 1 reneli nossimenys 3 QeKruBHOCTH YIPABICHUA PECYPCaMu
IPY MUHMME3AIAA U TIPOTHO3UPOBAHNH IIOTEPh OT YPE3BRMANHBIX CATYal[Uil IIPHPOHOTO ¥ TeXHOICHHOTO XapaKTepa B MPOCKTaX,
IPOrpaMMax u HOPTQENSX IPOEKTOB MPOSKTHO-OPTaHM3AIIAOHHBIX CUCTEM TPaXKNAHCKOM 3aIlUTEL

Mertoap: TeopeTnueckuii METON MCCIENOBaHus Tpolecca SQ(MEKTHBHOIO YIPABIEHHs TPOCKTHO-OPraHU3AlUOHHON CTPYKTYpO#
gepes Oh¥IC IPaXKIAHCKOM 3AIIUTH C HCTIONB30BAHHeM pacTipeereHis [lapeto. B 0CHOBY MPOBEICHHBIX HAYYHBIX MCCIEA0BAHMIT OblTa
IIPHMEHEHA COBPEMEHHAst METOJIONOTHS YIPABICHHS IPOEKTaMH, TPOTpaMMamy 1 lopTensmu npoekros: PMBOK, P2M, PRINCE?2,
ICB u ap. IIpu BEITIONHEHWH HCCIENOBAHUI HMCIIONB30BAINCH METOABL TEOPHHM CHCTEM M CHCTEMHOIO aHAIW3a, CTATHCTHYECKHE
HCCIIEIOBAHIIS, TEOPHH KOTHUTUBHOTO aHAIIH32, MATEeMAaTHISCKOe MOIETUPOBAHUE, NHOPMAIMOHHBIC TEXHOIOTHH, MEHE/DKMEHT.
Pe3yanTaThl: CyIIECTBYIONIME TOAXOAB! U HHHOBAIIHOHHEIE MEXaHU3MbI HHQOPMALMOHHON NOJIEPKKA MPH IPHHATHH TPOEKTHBIX
pelIenuii PyKOBOJIMTEISIMY CHCTEMBI IPAKTAHCKOM 3alTUTI HE Pa3pellaioT BELIBUTE CTCICHB M XapaKTep HEONPENCIEHHOCTH NPH
BEIONHEHHH Oyaymux paboT B Hauame (a3l LMEKIA PEAlM3alliy IPOEKTa. I103TOMY BO3HHKAET HEOOXOMMMOCTE YUHTHIBATE STH
YCIOBHS HEOHPEICTEHHOCTH Ha CTA/MSX [UIAHAPOBAHNS, BHIIONHEHUS WM TIPOrPaMMUpPOBanUs GyAymmx paboT KOTOpEIS, B CBOIO
odepens TPEOYIOT PaspaboTky HATEKHON METONMKH Pacdera U yIpaBIeHHs ToTeph. B 0CHOBY paspaloTaHHON METOMMKH JOIKHE!
OWTH 3AJI0KEHEI TEOPETHUECKHE OCHOBBI OIEHKH M IPOTHO3HPOBAHMSA BETHYHHBI MOTEPh OT UPE3BBIYAWHBIX CUTYAIlHH JUIA LeNH
OIIEPATHBHOTO IPUHATHS YTPABIEHYECKUX PEIICHIA 1 yCIIeIHOM peali3alliy IPOEKTOB uepes opHC eNMHOM CHCTEMBI TPakIaHCKOH
sammTsl YKpauHsl. [IpUBeIeHHbe TEOPETHIECKAE U 9KCIIePUMEHTATBHBIE JAHHEE TIO3BOTHTH, Ha OCHOBE pacmpeneicHus Ilapero
¥ CTATHCTHKH, CO3/IATh YHUBEPCATBHYIO0 METOLUKY PacueTa IoTeph, 00eCIeTnTh HX MUHUMHU3AIIHIO 1 00J16¢ TOTHOE IPOTHO3UPOBAHHE,
KOTOpEIE BO3HUKAKOT OT YPEe3BBIYAHHBIX CHTyallud. Pa3paboTaHHBIA METO MO3BOISICT KOHTPOIMPOBATh KAaK COMHMYHBIC, TaK
¥ DI0GaIbHBIE IIOTEPH Ha BeeX (pasax M APycax, Mpu opUCHOM YHPABIEHWH IIPOCKTAMH, TIPOTPaMMaMK U NOPT(EIIMU IIPOCKTOB,
0GeCIIeunBas IPH STOM MUHUMHM3AIMIO TOTEPh M BBICOKYIO 3(Q(EKTHBHOCTS (YHKIMOHMPOBAHUA CHCTEMBI IPaXK/IaHCKON 3alllUTH.
B OCHOBY pa3pabOTaHHONl METONMKM 3aI0KCHO MATEMATHYECKOE ONMCAHWE COOTHOLICHWH XapaKTCPHBIX, MAKCHUMAJIbHBIX
¥ CyMMapHBIX IIOTepPh 1S pacTipereernus [[apeTo, ¢ Liebro MOy IeHH s Hanbomee JJOCTOBEPHBIX IAHHBIX IIOBBIIAIOIIC 5P EKTHBHOCTS
peaNM3aIMi MPOEKTOB, IPOTpaMM ¥ MOopTdesell MPOeKTOR depe3 OHUC eMMHON CHCTEMBL IPAXK/IAHCKOM 3AIMMTEL, M, KaK Pe3ymbTar
[IPYHAMATH OTITHMAIGHBIE YIPABICHISCKAE PCIICHAS, H, COOTBETCTBEHHO, 00JIee TOYHO IPOTHO3MPOBATE ¥ MUHIMH3HPOBATH II0TEPH
oT Bo3HuKaromux YC.

BobIBOIBI: PesyisTaTsl IPOBEAEHHBIX UCCIEAOBAHUM [03BOIIIM, Ha 023 MHOTONETHHX J(@HHBIX CTATHCTUKH, IOJYYHTH BEICOKYIO
CXOIMMOCTB Pe3yIETaToB. PaspaGoTaHHBIA METOJ ¢ HCIIONE30BaHIEM pacTpeeneHus [TapeTo mokasai, 4T0 IPUMEHEHHS METOA0JIOTHHA
0(hHCHOTO TIPOEKTHO-OPraHA3alMOHHOTIO YIPABICH s CHCTEMO IPAXIaHCKO! 3aIATHI 00€CIeYnBACT MPOLIECC MUHMMH3AIMH NIOTEPh
OT Upe3BBIYARIEIX CHTYAIWMil ¥ ONTHMH3AIMIO YIPABICHIs IPOSKTAMH, IPOTPAMMAaMHU | TIOPT(hENIMH [POEKTOB, 00CCIICUNBast K
3TOM BO3MOKHOCTS TIPOTHOZHPOBATH PECYPCHBIE IIOTEPU Ha BCEX CTAIMAX PEaT3allii IPOEKTOB, I[POIPaMM U IOPTQEIeH IPOCKTOB.
Kpome TOTO TIPOBEIEHO TEOPETUUECKOE UCCIIEOBAHNE B INIAHE BRIMONHEHU aKTYalbHOM HayHO-IPHKIAJHOH 33291 HOBLIICHUs
3G (GEKTUBHOCTH yIpPABJICHI MPOSKTaMH U HPOTPAMMaMH: ONTHMAIBHOTO DAaCHpe/elNeHns IOTePAMH M CO31aTh MAKCHMANLHO
GIATONPUSATHEIC YCIIOBMS yrpaBienus depes OQuc eAMHOM CHCTEMBI IPaXIanCKol 3amuTh. [Ipemokennii METON ONUCHIBAIONIMI
XapaKTePHUCTUKY 3HAYECHUN CyMMapHBIX M MAKCHMATbHEIX IOTEPh MO3BOMAET MONydaTh HaubOIee NOCTOBEPHEIC W ONEPATHBHBIC
JAHHBIE, 9TO IPUBEAET K MUHUMH3AIIY OMHOO0K [PH TIPHHATHN YIPABICHICCKIX PEIICHHH, CYIECTBEHHO PACIIIMPHUT HayqHyo 0asy
METOIOJIOTHH YIIPABICHHS TIPOSKTAME U IPOTPAMMAMIY, U JACT BO3MOXHOCTD PACCMATPHBATE EIMHYIO0 CUCTEMY TPAX/AHCKOI 3alllUTH
VKpauHBI KaK [IPOEKTHO-OPraHU3ALHOHHYIO CTPYKTYPY.

KroueBble CI0BA: METOL, MAKCUMAJILHBIE X CyMMAapHEIe oTepH, [1apeTo, IporpaMMBL, IIPOEKTEL, HOPT(ETs IPOEKTOB, Ipe3BEIYaHbIE
CHTYaIIUH, MPOEKTHO-OPHEHTHPOBAHHOE YIPaBICHHe, O(HC, €/[UHAsS CHCTEMA TPAKIAHCKOH AT
Buj cTaThH: OpUIHHANBHAS HaydHas paboTa

Abstrakt

Cel: Opracowanie metody, ktéra opiera si¢ na zasadzie Pareto w celu zwigkszenia efektywnosci zarzadzania zasobami przy
prognozowaniu i minimalizacji strat wynikajacych z sytuacji nadzwyczajnych klesk i katastrof spowodowanych przez czlowieka
w projektach, programach i portfelach w projektowej strukturze organizacyjnej systemu ochrony cywilnej.

Metody: Badania teoretyczne procesu efektywnego zarzadzania za pomoca rozktadu Pareto stosowanego w projektowych strukturach
organizacyjnych biura ochrony ludnosci. Podstawa metodologii badan naukowych jest nowoczesne zarzadzanie projektami, programami
i portfelami projektéw: PMBOK, P2M, PRINCE?2, ICB, itp. Podczas badan stosowano metody: teorii systemow i analizy systemow,
badania statystyczne, teorii analizy poznawczej, modelowanie matematyczne, informacje technologia oraz zarzadzanie.

Wyniki: Zaprezentowane dane teoretyczne i do§wiadezalne umozliwily stworzenie na podstawie zasady Pareto i metod statystycznych
uniwersalnej metodologii obliczania strat powstatych w sytuacjach kryzysowych w celu zapewnienia ich minimalizacji 1 bardziej
doktadnej prognozy. Opracowana metoda pozwala na kontrole zaréwno pojedynczych jak i globalnych strat we wszystkich fazach
i na wszystkich etapach zarzadzania biurem projektéw, programéw i portfeli projektow, jednoczesnie zapewniajac minimalizacje
strat i wysoka efektywnosé funkcjonowania systemu ochrony cywilnej. Podstawa opracowanej techniki byl matematyczny opis
charakterystycznych wskaznikéw oraz maksymalnych i calkowitych strat dla rozktadu Pareto, dzigki ktoremu uzyskano wiarygodne
dane zwiekszajace efektywnosé projektéw, programéw i por#feli w jednolitym systemie ochrony cywilnej. Uzyskane wyniki umozliwia
podejmowanie lepszych decyzji w zakresie zarzadzania, przewidywania i minimalizacji strat wynikajacych z klgsk zywiotowych.
Whioski: Wyniki tych badan pozwolity na podstawie statystyk dlugoterminowych uzyskaé wysokie wyniki konwergencji.
Metoda opracowana z wykotzystaniem rozkladu Parcto wykazala, ze stosowanie metodologii w zarzadzaniu biurem projektow
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w systemie ochrony cywilnej stanowi proces minimalizacji strat w sytuacjach kryzysowych i optymalizacji zarzadzania projektami,
programami i portfelami projektéw, jednoczesnie zapewniajac mozliwo$¢ przewidzenia strat zasobéw na wszystkich etapach
projektéw, programéw i portfeli realizacji projektow. Ponadto, bitldania teoretyczne opieratly si¢ na realizacji biezacych i stosowanych
problemoéw naukowych, ktore wplywaja na poprawe zarzadzania projektami i programami: optymalng alokacje strat i tworzenie jak
najkorzystniejszych warunkow dla organizacyjnego zarzadzania jednolitym systemem ochrony ludnoéci za posrednictwem Urzedu
Ochrony Cywilnej. Proponowana metoda opisuje charakterystyczne warto§ci catkowitych i maksymalnych strat, dzieki ktérym
mozliwe bedzie uzyskanie najbardziej doktadnych i aktualnych danych, ktore beda minimalizowaé bledy w podejmowaniu decyzji
zarzadezych, znacznie wzbogaca baze¢ naukowa projektu i metodyke zarzadzania programami. Uzyskane wyniki beda rowniez okazja
do rozwazenia jednolitego systemu ochrony ludnoéci Ukrainy jako projektowej struktury organizacyjne;j.

Stowa kluczowe: metoda, maksymalna i catkowita strata, Pareto, programy, projekty, portfolio projektow, sytuacje kryzysowe,

zarzadzanie zorientowane na projekt, biuro, jednolity system ochrony ludno$ci

Typ artykulu: oryginalny artykut naukowy

1. Introduction

The fast growth of the company is accompanied by
the rise of a number of emergency situations (ES), which
cause the huge economic losses and casualties. To antici-
pate and minimize them it is required to introduce a mo-
dern methodology of project-oriented management of pro-
jects, programmes and portfolios of projects on the basis
of a single office of civil protection. The emergencies
occur under the conditions of uncertainty due to incom-
plete information, inaccuracy or ambiguity of data, ava-
ilability of accidents factors, subjectivity, etc. Therefore,
assessing the material, financial or other losses is very dif-
ficult and it requires the development of reliable calcula-
ting methods.

The existing approaches and mechanisms of infor-
mation support in making design decisions of civil pro-
tection leaders (SCD) does not allow to reveal the extent
and nature of the uncertainty of future work by the begin-
ning of the implementation phase of the project, so we
must take into account this uncertainty in the process of
planning, implementation and programming of the futu-
re work, what in turn requires a reliable methodology for
calculating losses.

The research of the different aspects of describing the
disaster parameters confirmed that their losses in the dif-
ferent phases of the implementation of projects, program-
mes or portfolios of projects devoted to the work of many
scientists, are significantly different from each other. The
issues of the projecting, building models and management
of projects, programs and portfolios of projects, in the
context of complex systems under uncertainty, engaged
following domestic and foreign scientists: V.N. Burkov,
S.D. Bushuyev, O.P. Ratshteyn, V.A. Rach, O.S. Pono-
maryev, R.R. Yager, P.L. Vylenskyy, S.D. Shtovba, K.V.
Koshkin, S.K. Chernov and other. However, there are still
many insoluble problems related to the impact of uncerta-
inties detailed study of the structural elements of the pro-
ject on the accuracy of estimation and forecasting losses
from disasters. Thus, evaluation and prediction of losses
in the managing office SCD with a view to the successful
and effective implementation of projects, programs and
project portfolios is an urgent task.

2. Problem setting

Management effectiveness of civil protection uniform
system is possible by creating the necessary preconditions
on the basis of established office; manage projects, pro-
grammes and portfolios, while ensuring a systematic ap-

proach to minimize losses, both on stage and in the pre-
diction of emergency elimination.

Implementation of the above mentioned problems is
possible while the developing a reliable method of calcu-
lating losses. When it is considered that the existing me-
thods and approaches estimates predict the magnitude of
losses from disaster are built on averages of data are inef-
ficient, so we propose to develop a fairly reliable and ver-
satile technique, which is based on Pareto and give mathe-
matically correct and consistent results when they are cal-
culated.

3. Purpose of research

The aim of the development has the most universal
method for assessing and predicting the magnitude of di-
saster losses, which is based on the Pareto distribution in
order to increase the effectiveness of projects, program-
mes and project portfolios which are based on the uniform
system of civil defense office consisting of the Ukrainian
experts, who are able to provide optimal decisions.

4. Main part of the research

In the researches [1-4], it is described the use of diffe-
rent types of distributions, mathematically describing pa-
rameters and disaster losses produced by them. Divergen-
ce get most of their values, which complicates the process
of making optimal management decisions to manage pro-
jects, programmes and portfolios more effectively by the
office of the uniform system of civil defense. Carl Gauss
found that the probability distribution of random variables
is often described by the same mathematical expression,
which is called the Gauss distribution. Differential distri-
bution function has the form of Gauss:

(x-a)

e 202

1

.

This type of distribution is well studied and is also
called normal and it shows that more deviations can
be ignored from the mean values (more than 3c). To-
day there are quite a few other probability distributions
“tails” which fall off much slower than a normal distri-
bution, they are called “fat tails” [2;3;4]. The using of the
probability distributions «heavy tails» that describes the
slow decay among of the rarest situations, especially to
determine the number of human casualties and material
losses that arises from the disaster [4;5;6].
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Such distribution is theoretically an infinite mean and
therefore the calculations of the average values with the
limited samples reveal high instability of these estimates
[7]. Therefore, the existing mathematical relationships
that defines the magnitude of disaster losses has greater
divergence in values and, accordingly, there is mno
possibility of making optimal management decisions as
in all phases of the project and in carrying out the projects,
programmes and portfolios as a whole, in the context of
obtaining assessment and prediction of losses.

If it is considered that saying above, the basis of our
mathematical description of the method of laying of the
characteristic ratio, the maximum and the total loss for
the Pareto distribution, in order to obtain the most relia-
ble data increase the efficiency of projects, programmes
and portfolios through the office of the unified system of
civil protection, and as a result, to take certain manage-
ment decisions, and thus anticipate and minimize losses
from disasters.

We assume a certain approximation, that the ES is the
Poisson distribution with intensity 4 events per year. Then
arbitrary number ES n will happen over T years, subject
to the Poisson distribution with parameters A, 7. Now we
analyze the maximum loss ratio in the time 7, m, and the
total losses Y, . for the same period of time. For the case
of fast (not slower than exp (—dx), where & > 0) decrease
of the probability density can be represented by the form

m,=InT=£05 M

As T — o where: § — dispersion boundary distribution
medians; ¢ — Constanta. Thus total loss ZT time-depen-

dent T view:
o
=T|a+—=2- 2
X ( 3 j 2

T

Where a — expectation annual losses; ¢ — its variance;
¢, — Gauss standard random variables with zero mean and
unit variance.

Thus, in the absence of “severe degree of tails”, the
distribution ratio of the total and maximum individual los-
ses are described with some approximate linear increase
with time T’

g aTl
Sln(T)

IR

R(T)= (3)

T

Quite different picture is observed in the case of
“heavy tails” of the distribution. For them, the ratio of
R(T) is not growing as fast and it can be assumed constant,
which is independent of 7, that is total and maximum sin-
gle loss melts comparable in magnitude. For such cases,
the actual distribution of the behaviour of such losses are
satisfied for large values of 7', which exceeds the recur-
rence of events x, and corresponds to a threshold lefel
x> A. For large T, the total losses are defined by the maxi-
mum single loss. This approach provides a theoretical jus-
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tification for the use of the maximum single loss in time
T as a simple, theoretically sound assessment of the total
loss distribution with “heavy tails”.

We give [5] a precise relation between the total and
maximum losses in the time 7 for the case of a Pareto
distribution. For this purpose, derived explicit upper and
lower bounds for the total loss ;- and made the transition
from the distribution of the maximum and the total loss to
the distribution of their logarithms.

Such distribution of single loss which is described in
the field of Pareto’s enough big distributions, after loga-
rithming of losses, is transformed to exponential distribu-
tion with parameter 3 that has all elements of distribution,
as well as distribution of logarithms of total loss of In } 7.

We will give now exact ratios between total and ma-
ximum losses during 7 for a case of Pareto distribution.

Upper bound. For In 37> we have:

Iny, =InR(T)+Inm, @

Where m,, — maximum loss for the period (0,7), pro-
vided that during this period was not less than a disas-
ter. Take the expectation of the right and left side of the
formula (4) we obtain:

ElnzszlnR(T)+Elan Q)
Now it is used a roughness for Jensen concave

functions [7], which applies a logarithmic function and
obtain the following dependence:

EnR(T)<InER(T) (6)

As it is shown in [5]

Where y (e,¢) — incomplete gamma function [8]; at
AT — o incomplete gamma function tends to the usual

range of functions [~ (i then
B

7(% : /IT] = {xiil exp (—x)dx} iy {xéil CXP(—x)dx} =r [%j @®

For E In (m,) can obtain the following expression [5]

{In(AT)+c—Ei(=AT)}

Eln(mT): B

)

Wherec ¢ — Eyler constant (¢ = 0,577); Ei(—AT) — inte-
gral of function declining [8];
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. z
Ei(x)=][, {exp u} dz,x <0
z

We combine the expressions (5 and 6), and obtain an
upper bound for £ In ', then

Ely, S{#{F(AT)% 7’[%;”)}} {In(ﬂ)”ﬁ_Ei(*XT)} (10)

At AT > 1, expression (10) is simplified

In {1—(/1T)1/13 F[%J}J,W

(1-8)
In(y7)+In(InAT)+c,f=1

Ely, < B=1(11)

With estimate for R(T) (7) shows that when § < 1 and
iT>1

E{R(T)}=(B-1)" (AT) (12)

When f<1and AT>1
E{R(T)}=(B-1) (AT)7 r(%j (13)

Thus, when B < 1 random variables Y, and m,
are comparable, and their logarithms grow about as
In(AT) 1
= hl(iT )ﬁ . This can be interpreted as a linear

1
increase in most units Y, and m, proportional (/IT )5. We
recall that in this case § — 1 these are exactly the random
> .and m, that has an infinite expectation.

Atp>1and AT>11n E{R (T)} and E (In m,) increase
with increasing T thus

1nE{R(T);[1—%j1n(zT)} (14)
Eln{m,) ;%m(ﬂ), as)

From (14) and (15) it is shown that when £ is much
larger than unity, E{R (T)} grows approximately linear-
ly with T, and Em,, depends rather weakly, as the root of
f-th degree of T.

The lower boundary. For the lower limit losses R(T)
can be represented in the form

X.
R(T)=2L=3r "t
(T) Zh— (16)
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Where n - Poisson random number within emergen-
cies (0,7), and x, — the respective values of losses.

Since the arithmetic mean value is always less than
the geometric mean, then from (16) we obtain the follo-
wing expression

1

InR(T)=In >

:ln(n)+ln

P
i
m

nYi——

X,
nYi——
m, 0

r 7 )

U 1
>l mlm 2| =In - -
(n)+ (H"ImJ (n)+nz,f’:11nxi—1nm,

T

Taking the expectation of both sides of unequal (17)
and making the transformation, respectively, to the Pareto
distribution function, we obtain

f(x): (x—f?j;le,ﬁ>0

0; x<l1

1
F(X)Zl—;;

For any fixed value x, = A =1, where density dis-
tribution; F (x) - distribution function, 4>0 and f>0 - pa-
rameters that affect the continuous probability of distribu-
tion the density. Averaging the second term on the right-
hand side, we obtain

E{lnR(T)}ZEln(n)Jr%—Elnm (18)

Substituting (18) into (5) we obtain a lower bound for
Eln}.,

EanTZEln(n)—k% (19)

For the case of a Poisson process, the mean values of
E In (n) has the form

In(7)exp;, (=AT) (ﬂ,T)k
k

Eln(n)=X% (20)

On the basis of (20) with A7> 1, we can get a simple
approximate expression for the lower limit £ In ¥ . This
approach is based on the fact that the distribution of the

n—AT

random variable ————=" approaches as I'— oo to the
9(ar)

standard Gaussian distribution of the form

43
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n= AT +\(AT)¢&, = AT 1+e 1)

(4T)
Where &, — the standard value of Gause. Hence we ob-
tain the following expression

In(n)= ln(/lT)+ln{%} =1In(AT)+ (iTT) (22)

Now taking expectations of both sides of (22), we ob-

E{ln(n)} = ln(iT)

Substituting this approximation in (19) we obtain
a simple estimate of the lower limit £'In ) for AT > 1

EIHZTZhl(ﬂT)+% (23)

This approximation can be used only when 8 > 1,
otherwise, when(f < 1) the expression £ In }_ grows at

T — o as about 1n(/1T)%.

For f<1value Eln ), can be estimated from below
using E (In m,) (as there is always the condition R (1) > 1)

{In(AT)+c-Ei(=AT)}
B

E{lhY,}2E{lnm,}|= (24)

As a result, the lower bound of the logarithm expec-
tation of the total loss £ In . is estimating relations (19)
and (23) for > 1 and (24) for f < 1.

The obtained expressions allow estimating the magni-
tude In ) with reasonable accuracy. If the distributions in
large losses are fairly well approximated by a Pareto dis-
tribution, than the zone approximation gives a fairly accu-
rate estimate of the parameter f. It can be monitored un-
certainty, by knowing the error estimates of this parame-
ter, substituting the upper and lower boundaries of the pa-
rameter /8 (where =/ (1 +1,6449,) in the formula to esti-
mate the amount of loss.

It should be noted that the approximation of the Pare-
to distribution should be choosing a fairly large threshold
value 4, and thus neglect the loss is less than this thresh-
old, can make a significant error in calculations. This er-
ror will be greater, than the forecast horizon T is shorter,
in such cases it is advisable to calculate losses separately,
smaller threshold 4. Herewith limitations of all statistical
moments are guaranteed and can take advantage of the
central limit theorems of probability theory, which gives
a Gaussian distribution for the loss. Distribution lgsses
below the threshold 4 may be thus arbitrary. Described
technique can be used to predict and evaluate the
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maximum and the total losses caused by emergencies at
any stage (phase) of projects, programs and portfolios.

For example, we apply the proposed methodology
for assessing and predicting the losses caused by floods,
earthquakes and hurricanes for (1952-2011 years).Losses
are expressed as the number of residents that have lost
your home due to an emergency. Accumulated Y, and
current maximum loss m, are shown on Fig. 1.

RIT}

Er/my

kil

Fig. 1. Accumulation total ZT and maximum ., losses (based
on the number of people left without a roof), depending on the
statistical data for 7: 1 - flood, 2 - hurricanes, 3 - earthquakes,

where 1,2, 3 —values E,/m, 1,2, 3 —values of R(T)
The Image 1 shows that the ratio of these losses in
2011 takes the value 2.29, 6.44, and 4.5 to floods, hur-
ricanes and earthquakes. Number of emergencies (have
left more than 50 000 homeless inhabitants) for 60 years
was respectively 89.68 and 45 events. Comparing the giv-
en relationships E,/m., with the theoretical values R (7)
with Table 1 (that based on equations (6), (9) and (10)
can be obtained preliminary conclusions about the nature
of the distributions of the test and the importance of 5.To
do this (at AT = n) must be chosen such S, at which table
value R most closely meets the empirical relation of to-
tal and maximum losses. To obtain the data being ana-
lyzed: B, =20,6;8 =1,2; 8, =1,1; where the indices "n”,
”y” and 37 correspond respectively to the flood, hurri-
canes, earthquakes. In interpreting the § must be consid-
ered that the empirical values of the total ratios and maxi-
mum losses are random component, and thus, the value of
[ is estimated with some error.
Table 1.
Values of R (T) ratio of total losses to the characteristic
depending on the parameters A7 and f

AT
p 10 50 100 300 500 1000
3 5,77 | 17,93 | 28,82 | 60,7 60,7 | 136,62
2 4,6 11,52 | 16,7 29,7 38,8 | 54,97
1,3 3,48 6,55 8,26 | 11,62 | 13,49 | 16,42
1,1 3,1 5,16 6,15 7,85 7,85 9,91
1,0 2,88 4,49 5,18 6,28 6,78 7,48
0,9 2,59 3,81 4,26 4,92 5.2 5,56
0,8 2,45 3,29 3,57 391 4,01 4,19
0,6 2,02 2,38 2,4 2,45 2,46 2,48

For comparison, now it is defined the parameters S
for the Pareto distribution that approximates the “heavy-
tailed” distributions that are analyzed. For this purpose
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= construct in a double logarithmic scale (Fig. 2) graph-
== “heavy tails” aforesaid distributions that is the depen-

| L L e ! U i S i S L L )
LEl

11 111 1 1 1 1 1

Fig. 2. A graph of the disasters number N(x, > x),

where the losses x, exceed the values x, for these statistics:
1 - floods,2 - hurricanes, 3 — earthquakes

In the case of flood the loss values well lie on a straight
“ne. Linear approximation for hurricanes over the entire
—=nge of loss does not stick and is performed only for the
=zl of the distribution at large x, 4 = 280 000. Used data
“or the earthquakes does not provide a reliable approxi-
mation of the Pareto law. In this case, we use 4 =200 000,
sut the appraisal f comes unreliable due to the small num-
oers and large scatter losses that exceed a chosen thresh-
old. Value f and its error for all three distributions must be
czlculated according to the formulas

B 12111(&}_1
Ry A
ﬂ:ﬁ(1i1’64/3n)

(25)
Whereby we obtain:
B, =0,84+0,09,n =89, 4 =50000
,By =1,22+0,22,n =32,4 =280000 (26)

By =111£0,29,n =12, 4 = 20000

The obtained /5 values correspond for fairly well de-
fined on the basis of the Table 1 analysis, but the second

DOI:10.12845/bitp.34.2.2014.3

method allows estimating .We noted that the data used
are examples of all possible types of f: f <1, > 1 and
p=1.

Now we turn to the definition of median maximum
losses. Taking into account of the duration the output data
sets, we define 4, and u,, (where 1 — unit losses). The re-
sults of evaluations conducted after the calculations are
given in Table 2. For typical values of flood , and u,, is
calculated from the respective Pareto distribution by the
formula:

Uy = A(iT/ln(Z))l/ﬁ Q@7

For hurricanes and earthquakes agreement with the
distribution of Pareto is noticeably worse. Therefore, the
corresponding values x, and ,, is not evaluated by the
parametric method, and based on the use of data that ex-
ceed the value above the boundary values of 4.

Comparing x, and u,, from Table 2 we watch that the
flood has been a significant increase in non-linear charac-
teristic values of losses. For hurricanes and earthquakes
nonlinearity are significantly weaker, if at all it takes
place. This discrepancy corresponds to the difference in
the values of the parameter f — for hurricanes and earth-
quakes, where f = 1 or even > 1.

In the last two columns of Table 2 presents the esti-
mates of the total loss in 20 years, as well as actually ob-
served data loss values. Divergence of estimates and sam-
pling (random) loss values showed a high convergence
results.

5. Conclusions

The carried out researches helped to create a univer-
sal methodology for calculating losses that arise when an
emergency occurs. The proposed technique allows con-
trolling both single and global loss in all phases of project
management, programmes and portfolios through the of-
fice of uniform system of civil defense. Furthermore the
proposed method, which is based on Pareto, allows per-
forming forecasting, both the initialization phase of pro-
jects, programs and portfolios of projects and in their im-
plementation, and therefore minimize potential losses
from occurring emergencies.

The proposed method is based on the Pareto distri-
bution extending the methodology in the management of
projects, programmes and portfolios, and allows you to
treat Ukraine as uniform system of civil defense project
and organizational structure.

Table 2.

Results of the losses calculation for specific cases
(for example floods, hurricanes and earthquakes)

Border | Number of . .
T.yp e of Years A disasters 2 iy 20 S |RQ0) Rating Ohservaion 220
disaster thou. | thou. thou. thou.
thou. >A
Floods 1960-1961 50 89 2,78 80 9250 | 0,84 | 3,56 33000 30000
| Hurricanes 1952-2011 280 32 0,8 670 4650 1,22 | 4,0 18600 18000
Earthquakes 1960-2011 200 12 0,375 | 447 11000 | 1,11 | 2,84 3200 5000
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