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Abstract

The purpose of the study is to explore the
characters of risk of the BOT concession
contract from the viewpoint of group
decision-making. Considering the discussion
behavior among the negotiators, this study
develops the utility function of negotiators,
group aggregation utility function, dynamic
multi-objective programming, and iterative
algorithm to evaluate the uncertain factors of
BOT concession contract, which based on the
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utility, risk, and BOT theory. The numerical
example shows that the concession period is
main risk event, the money exchange rate is
secondary risk event, and other events are
non-risk event under the independent utility
condition among the negotiators. The
concession period and money exchange rate
could become non-risk events after the
discussion among negotiators, which shows
that the models of this study developed
would be applied to measure the risk of BOT
projects in transportation field.
Keywords: BOT, Risk measurement, Risk
identification, Negotiation team,
Discussion, Dependent utility.
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Abstract: The purpose of this paper is to analytically measure and rank risk of BOT
projects for decision making under an uncertain environment. The individual and group
multi-attribute risk utility functions in the risk measurement model are developed based on
multiattribute decision making and utility theorems. The preference of the negotiator is
considered in the multiattribute risk utility function. The risk event is obtained by the
model when the group risk utility value is smaller than the expected risk utility value.
Futhermore, the critical risk event is obtained when the group multiattribute risk utility
value is not less than the expected utility. In addition the risk measurement model provides
an approach to quantify, identify and find critical risk, and to incorporate the preference of
the decision-maker in order to share risk under BOT negotiation.

Key Words. BOT; risk identification; critical risk; risk measurement; uncertainty

1. INTRODUCTION

Transportation infrastructure development projects have the following characteristics:
large civil works budget, substantial land acquisition over a large area, long construction
time frame, large labor force, complex internal government coordination, and multi-
national construction/design teams. Few transportation devel opment projects are profitable
or self-financing on the basis of user fees only, because of complicating factors such as
high capital cost, lengthy construction period with no revenues, and low to moderate fare
level favored by government. BOT (Build, Operate and Transfer), one method of
privatization, is an approach where the private sector is given a concession to design,
construct, finance, manage and operate a project that would normally be built and operated
by the government, and transfers ownership of the project back to the government at the
end of the concession period. Some important reasons for governments to use the approach
are to reduce the government’s financia burden, to use the private sector’s technological
know-how, management skills and capital, and to transfer most of the project risks to the
private sector.

Since both the government and private sector will take part in a BOT project, the complex
contractual negotiation requires considerable cost and time and becomes an important
subject of BOT projects. Identification and measurement of risk is fundamental to risk
allocation and sharing, which is the basis of contractual negotiation between the
government and concession company (Tiong, 1992, 1995, 1996, 1997; Sidney, 1996;
Walker and Smith, 1996). Normally, the government wants to transfer most of risk to
private sector while the concession company expects to reduce its exposure to risk (Levitt,
et al. 1980). Philip (1995), Nicole (1995), Tiong (1990, 1995), and Waker and Smith
(1996) have discussed different types of risks BOT projects are exposed to, but risk
measurement and risk identification are not explored.

Different projects have their own risk profile, although in genera there are political risks,



commercial risks, legal risks, construction/completion risks, operation risks, etc. How to
measure the degree of risk? and how to distinguish between major and minor risk? are the
issues this paper will explore. Tiong (1990, 1995) and Tiong and Yeo (1992) have shown
that risk analysis is an important issue for BOT projects particularly during the period of
bidding, contract negotiation and risk management. Hwang (1995) has employed the
notion of property rights to elucidate the essence of BOT projects, and to illustrate their
optimal risk level by means of transaction cost and probability distribution. The results
show that the optimal risk of the investment is in positive, indeterminable, or negative
relationship to the investment rate of return and that the BOT contract is a non-zero-sum
game which is completely different from the zero-sum game. They also show the different
relationship between risk and investment return but do not show what level of risk is
critical. William and Crandall (1982) considered the attributes of risks, suggesting that the
risk measurement of infrastructure projects must consider the attributes of risk events. The
risk negotiation was affected by risk attributes and the negotiator’s preference (Seo and
Sakawa, 1985, 1990). Following the concepts of Seo and Sakawa, this paper will focus on
risk measurement and risk identification.

Quantitative and qualitative methods have been used to discuss or measure risk, in past
research. Financial risk analysis (Cuthbertson, 1996), utility analysis (Jia and Dyer, 1996;
Seo and Sakawa, 1984, 1985, 1990), statistical analysis (Louis, 1990; Jaselskis and Russell,
1992; Ronald, 1990), and expert investigation (Mustafa and Al-Bahar, 1991) were used to
analyze risk in the quantitative analysis field. The indices in financia risk analyses, such
as the NPV, B/C ratio and IRR, have been widely used for measurement of financial
conditions, but they have difficulty estimating future cash flow. Therefore, financial risk
anaysisis properly applied to evaluate only short-term projects with a certain environment.
As for the BOT project with high uncertainty and with a long concession time, it is
difficult to accurately estimate cash flow (Sidney, 1996). In addition, the major problem is
to determine what level the risk of lossis? Isit 1 million dollars or 1 billion dollars? This
problem is hard to answer by NPV. Although the B/C and IRR ratio have an index value
from O to 1, theindex value cannot reflect the different levels of risk for different events.
Buhlman (1996), Ronad (1990), Louis (1990), Jia and Dyer (1996), and Hwang (1995)
use the statistical approach to measure risk. The expected value is obtained where the risk
probability distribution has a supposed specific distribution. We think the problem liesin
what kind of distribution can fit the probability for BOT projects with thirty years
concession time, as well aswhat type of independent or dependent rel ationships among the
risks will lead to measurement error in expected value of loss. As for the utility approach,
itisliable to be applied on certainty or uncertainty, and it cannot estimate future cash flow.
The approach is especially suited to considering the negotiator’s preference in order to
reflect the risk preference during contract negotiation (William and Keith, 1982; Seo and
Sakawa, 1984, 1985). Also, the utility approach easily judges with the value between 0 and
1. In addition, Seo and Sakawa have constructed a risk utility function and introduced the
fuzzy concept into risk analysis so as to render it more fitting to uncertain negotiation
behavior. Seo and Sakawa (1985, 1990) have focused on the preference change for the
decision maker’s behavior, but they have not defined the risk by using the utility theorem.

Jia and Dyer (1996) have developed risk measurement as R.X)=- HuX- X)], and this
study provides the concept of a negative expected utility in preference. The (X- X) isa
normalization value in mean, where X is a probability distribution and R.X) is a risk

measure, but the equations do not consider the stability in measuring risk for factors
deriving from different risks, events, attribute samples, etc. In addition, the normalization

valuein X- X results in a positive or negative value, and thus, R.X) value will not hold to



only one value.

Expert investigation is a method to measure risk and the AHP method has been used to
evaluate risk in criteria construction (Mustafa and Al-Bahar, 1991). The AHP approach
captures the weight value from project experts, engineers or project managers and then,
based on the weight of experts and performance value, measures risk value. Nonethel ess,
the weight and performance value obtained from AHP can hardly demonstrate genuine risk.
Moreover, there are different risks for each construction project, the criteria and goals have
different importance and hence, the hierarchical structure alone can't indicate the unique
conditions of the event.

The purpose of this paper is to anaytically identify and measure risk, and to determine the
critical risk for the government or BOT concession company. In order to take preference
and risk attributes into account, this paper uses multiattribute decision making and utility
theorem to construct a multiple attribute utility function to illustrate the measurement of
risk, identification of risks and critical risk events

The remainder of this paper is organized as follows: section 2 describes the problem,
defines the risk and uncertainty, and develops the multiattribute risk utility function;
section 3 develops the group utility function; section 4 analyzes the risk of the BOT
contract; and conclusions are made in the final section.

2. MODEL DEVELOPMENT

In this section, we will describe the problem of this study, define the risk and uncertainty,
and develop the individual risk utility function in order to establish a group negotiation
risk utility function.

2.1 The Problem Description

An Airport-Link Rapid Transit project between CKS Airport and Taipei city will be
undertaken by BOT approach in Taiwan. The BOT concession company and government
are in contract negotiation for this BOT project as bidding for this transportation
infrastructure project recently finished. There are two groups taking part in negotiations,
one is the government group and the other is the BOT private group. The government
group includes some individual negotiators from other government departments, such as
the MOTC (Ministry of Transportation and Communications), EPA (Environment
Protection Administration), city government, etc. Also the BOT private group has some
individual negotiators including lawyers, financial consultants, participators, participant
companies, etc. It must be clarified here, that the two primary negotiators of this contract
are groups rather than individuals (see Figure 1). The conditions of contract must be
acceptable to both parties, otherwise, the BOT project will be terminated.

In the past, most researches qualitatively identify risks from events, however, risk and
uncertainty should be strictly treated different. In addition, what are the critica or
important risk items should also be a main issue for negotiators during the period of
bidding, negotiation and risk mitigation. This paper aims at developing an approach to
decompose the set of event into the set of uncertainty and risk, and furthermore to
decompose the set of risk itemsto critical risks and general risks (see Figure 2).
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2.2 Basic Assumptions

In this paper, some assumptions for model development are as follows:

(1).The asymmetric information does not exist between the negotiation group and
individual negotiator.

(2).The decision-making behavior of individual negotiators within the negotiation group is
reasonable.

(3).The probability of event occurrence is assumed to be a Bernoulli experiment and the
probability of occurrenceis the probability of success.

2.3 Model Development
(1). Risk and uncertainty definition

Based on the literature mentioned above, where variance is greater, the risk is higher and
where there is a greater difference between actual occurrence and expectation, there will
be greater loss. Considering the stability of risk, the risk and uncertainty definition will be
expressed as the following:

(@). Risk definition

Since the dislike events will result in lower utility for decision maker, the risk will be
defined as a specific event which will result in lower preference for the decision maker.
This interprets the occurrence of risk, the loss of preference and the tolerance of choice.

Risk Rg isdefined as Eq. (1):



Re © u;(x;) <u(xX) 1)
where u;(x;) is the utility function of outcome Xx; for specific event E,
Ofu;(x;)£1, w(x) is the expected utility vaue for specific event E,
u(x) =& pjuj(x;), p; is the probability of outcome x;; Eq. (1) implies that the event E
J

has risk when the utility function of outcome Xx; for the decision maker is less than
expected utility value for event E.

(b). Uncertainty definition
In contrast to risk, uncertainty will be defined as a specific event which will not result in
lower preference for the decision maker. The equation can be expressed as Eq. (2).

URE ° (uj(x;))® 4(X) @)
where the variables u;(x;) and T(x) are defined as above. The u;(x;) value will be

(2). Therisk utility function of the individual decision maker

The risk utility function proposed in this study was based on the multiattribute theory and
utility function. The single attribute and multiattribute of a specific event are considered in
the risk utility function.

(@). Transformation of the variable
Based on the utility theorem of Keeney and Raiffa (1993), the utility or preference for an
event or aternative should be a positive value, that is O£ u;(x;) £1. This paper proposes

the utility transformation variable to satisfy the condition of a utility value between 0 and 1.

The utility normalization is defined as Eq. (3).
P~ u(x;) - min{ py;” u(x;;)}

max{ p;” u(x;)} - min{ p;” u(x;)}

where u*(x,-/-) is the normalized utility value, pj; is the probability of the utility of

u (x;) =

©)

outcome / and state j, for al j=12..,n,i=12..,m; u(x;)is the utility value of
outcome Xx;. Since O£ u(x;)£1 and Of p; £1, the u*(x,-/-) value will be located
between 0 and 1, O£ v (x;) £1. Eq. (3) considers amultiattribute case. When /=1, then
Eqg. (3) becomes a single attribute case.

(b) Single attribute risk utility

Considering a single attribute of a specific event, let E denote the specific event, S has
n statesfor event E, S={s,S,...S....5},for j=12,..,n; X hasoutcomes Xx,under s,
states for event £, X={X,%,...X;,....%}; u(X) is the utility value of the individual
negotiator of outcome x, for event E; p is the set of probability corresponding to the
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utility, p={p, Bos-s Pjses Pt s P; = Prol{x;,s;), O£ p;j£1. The structure of state,
probability and outcome of the attribute for event E are shown in Table 1.

Table 1 The Structure of State, Probability and Attribute

Event £ States S
S14S2 e Sjye Sp
Outcome of attribute X X145 X9 yeers X j e X
Utility u(X) U)LY e LX), U )
Probability P P1, P2 s Pjss s Pp

For event E, p; =Prob(x;,s;) is the probability of the utility under the outcome x;

ande

outcome X, and state s;.;. Because there exists a one-to-one relationship among s, x;

states, p;.q =Prob(x;.1,S;.1) is the probability of the outcome under the

and p;,thestates s and s, are mutually independent and the outcome x; and x;, are
aso mutualy independent, then Prob(x, ,s; ;)| Prob(x;,s;)=0. Based on Table 1,
the probability of the utility valueis p,,p,L ,p; L ,p,, respectively; the utility mean

valueis obtained from T(x), U(x)= gp/-u(xj); the standard deviation of utility valueis
j7

s (u(x;)) = Var(u(x;)), foral j=12,..,n. Based on the concept from Eg. (1), the risk
utility function of event E for the g individual negotiator can be shown as Eq. (4).

Ug(Re)° (U (X)) <T(R)/s (U(X) (4)
where u,(Rg)istherisk utility function for the g individual negotiator, the risk utility is
normalized by ' (x;). If ((u'(x;)) <T(X)/s((U(X) thenevent E isarisk event, since

O£ U (x;)£1,then O£ uy(Rg) £1. Eq. (4) implies that the event E is arisk event for

g individua negotiator when the normalized utility value is smaller than the expected
utility value. Otherwise, theevent E isan uncertain event.

(0). Multiattribute risk utility

This paper, based on the fundamental single attribute risk utility, will develop the
multiattribute risk utility function. Suppose event E has m outcomesand n states, let S
be the set of state of event E, S={s,s,...S,..5}; X is the set of outcomes

X={X,%,..X,..x}, for i=212,..,m; the probability P is the set of probability
corresponding to the utility, P={p;, 0,.-sBjs--s Py}, P =Prob(x;,s;), OF p; £1, for
j=12,..,n, i=12,...,m. The relationship between state, probability and attributes is
shown in Table 2.
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Table 2 The Structure of State, Probability and Attributes

Event States Probability] Weight
E S S15S2 s S Sp P wj
X; X115 X1 sees X1 j s X1p
Outcome M M M M M
Of X; Xigs Xig e Xjj v Xip
Attribut | m M M M M
e X, Xmis Xm2 veees Xpgj seees X mn
X
u(x) U(Xa1) e UK ),ens UCXL) Py 7
. M M M M M M
DYoo | o) ), tx0) b, | w
u(x) M M M M M M
u(x,) U(Xp) ey UCX ) ey U X ) P o Wy
Probability P piz L Py L P,

Let p; =Prob(x;,s;) be probability of utility corresponding to the outcome x;; and state
Sj, and p.q; =Prol(x.1;,s;) is the probability of utility corresponding to the outcome
X.1j and state s;; because there exists a one-to-one relationship between s;, x;, and py;,
thus Prob(x.,;,s;)! Prob(x;,s;)=0. This shows that p.,; and p;; are mutualy

n
independent. Let T(x)= & p;u(x;) be the expected utility value of outcome x,
J=1
n
u(x;)= & pju(x;) be the expected utility value of outcome x;, and let
J=1

m
ux)=aw g pjju(x;;) bethe tota expected utility value, where w; is the weight value of
=1 j=1

utility. s2 = Var(u(x) = E((u(x;) - TU(X)?) isthetotal variance utility for al j=12,..,n,
i =12,...,m. Then, the multiattribute risk utility function of event E for the g individual
negotiator can be shown as Eq. (5).

Ug(Rue) ° (U (X)) <T(R/s (U(X) ()

where u,(Rye) isthe multiattribute risk utility function for the g individua negotiator,

the multiattribute risk utility is a normalized value, then the multiattribute risk utility will
bebetweenOand 1, O£ uy(Rye) £1.

3. THE GROUPRISK UTILITY MODEL

In this section, the concession negotiator multiattribute risk utility function will be
established for the BOT concession company and government sector respectively, and the

12



function provided will measure risk, identify risk and find out the critical risk event.

The concepts in Egs. (4) and (5) provided an individual negotiator for risk measurement
and results in a constant value, linear, additive, multiplicative or other function form.
Although the individual negotiator’s preference can be taken into account in risk utility
function, the risk measurement is different between the group and individua negotiators.
In addition, the notion must be proposed that event E is a risk event by means of
individual risk utility if the risk utility function satisfies EQ. (4). This does not ensure event
E isarisk event for the concession group. In other words, this implies that the risk event
for the group was determined by group risk utility, not by individual negotiators. The
concept of group decision making has previously been discussed by Keeney and Raiffa
(1993). Their theory infers that the group utility will be adopted instead of an individual
utility when group negotiators are making decisions.

3.1 The Concept of Multiattribute Utility Function

Keeney and Raiffa (1993) proposed the multiattribute utility function (MAU). Based on
their concept, the additive and multiplicative methods are appropriate for constructing the
group decision-maker’s multiattribute utility function. The conditions of this function are:
(2) total number of attributes is not less than three, (2) the preference structure of decision-
maker is preference independent, and (3) the utility of the decision-maker is preference
independent. The fundamental mathematical equation for the multiattribute utility function
can be expressed as Eq. (6).

n
U(X) = & kiUi(x;) (6)

i=1
where U,(x;) isasingle attribute utility function, O£ U;(x;) £1;, U is a multiattribute
utility function; ; is a scaling constant, and 0£ k; £1. In Seo’s (1990) study, which
constructed the fuzzy multiattribute risk function for group decision making based on the
concepts of Keneey and Raiffa, the assumptions were event independent, aversion
independent and trade-off attribute independent because of his modified MAU theorem.
The reason he made the assumptions was to consider the hazard for decision-makers when
the event occurs under an uncertain environment.

3.2 The Group Negotiation Risk Utility Function

(2). Multiattribute risk utility function for the government sector
Suppose the government group has g negotiators, risk utility function u,(Rg) exists for

each g individual negotiator, for g=12,...,h. Assume the negotiators utility, trade-off

attribute, and events are independent. Following the concept of MAU and risk function
constructed by Seo (1990), the group risk utility function for government was employed by
this study, and is expressed as Eq. (7).

g-1 g=1la>g (7)

h
+kd & & kgaptg(R5)ua(RE)U(RE) +L + kioa nta(RE)(RE)L un(RE)
g=la>gb>a

where Ug isagroup multiattribute risk utility function for event E, 0£U§£1; ug(Rg)
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isamultiattribute risk utility function for risk event £ for g individual negotiator; k,, is
ascaling constant, and 0£ k, £1. If U, <@, (Ry), theevent E isarisk event for group
decision-makers, otherwise, event E is an uncertain event. That means the risk event E
is decided by group decision-makers and @, (R,) is defined as expected value risk utility
of event E.

(2). Multiattribute risk utility function of BOT concession company

As for the BOT concession company, the group multiattribute risk utility was established
by the same concept described above. Suppose the BOT company group has g negotiators,

for g=12,.../, the risk utility function of event F is u,(Rg) for g individua

negotiator. Also, we assume for the BOT group risk utility function that the negotiators
utility is independent, trade-off attributes are independent, and events are independent. The
group risk utility function for the BOT company was employed and is expressed as Eq. (8).

g=1 g=la>q 8
/
+k8 8 8 kgatg(Ry) ua(RE)up(RY) +L + kizay ja(RD) ua(REL u(Rf)

g=la>gb>a
where u[ is a group multiattribute risk utility function for event E; v (Rf) is a
multiattribute risk utility function of g individual negotiator for risk event E; &, isa
scaling constant, and O£ k, £1. Because 0£u,(Rf)£1 and 0£k,£1, the uf vaue
will be between O and 1. If U/ <7, (R;), Where 7, (R;) is expected value risk utility of

event F, then event F is arisk event for g negotiators, g=12,.../; otherwise, event
F isan uncertain event.

4. RISK ANALYSIS

In this section, the risk event and uncertainty event will be defined, and the risks of the
contract will be explored.

4.1 Risk Event and Uncertain Event Definition

The conceptsin Egs. (7) and (8) have illustrated one event becoming arisk event for group
negotiators instead for an individual negotiator. Because the risks are independent, the risk
and uncertain event can be obtained from Eq. (7) or (8). Asfor the risk to the government,
we can get the risk event and uncertain event one-by-one from Eq. (7). The risk event and
uncertain event are defined in Egs. (9) and (10), respectively.

(1). Risk event definition

If event E existsand v <7, (Ry),thenevent E isarisk event, asdefined by Eq. (9).

g

R§ ={Ug <ug(Rp)}, for g=12,..h 9
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(2). Uncertain event definition
Based on Eq. (7), if event E exists and UgE3 Ug(Rf), then event E is an uncertain
event.

4.2. Risk Choice and Ranking Risk

(1.) Risk Choice

For the government agency, suppose the group negotiation has g individual negotiators
and G eventsfor G=12...t, g=12,...h, and suppose these G events are independent.
The risk can be measured per event by Eq. (7), then the risk event and uncertain event can
be obtained in order to collect risk and uncertainty for the G events.

Let WF denote the set of G events. Based on Eq. (7) and event independence, the events
WP can be separated from risk and uncertainty. The set of events W is defined in Eq. (10).
Also, the risk event set and the uncertainty event set can be defined in Egs. (11) and (12),
respectively.

WP =WE+Wie (10)
={R|US <U(R)," G=12..5g=12.. .AHUR |US® WR)," G=12..5g=12.../}

V=R IS <uR)" G=12.t g=12..h (11)
WoRm{UR | UG W), G=12..£g=12....4 (12)

As for the BOT concession company, let P @ denote the set of Q events for Q=12,...r

and suppose the event is independent. Based on Eq. (8), the risk event and uncertain event
can be obtained for the BOT concession company and expressed by Eq. (12). In addition,
the risk event set and the uncertain event set can be defined in Egs. (14) and (15),
respectively, for the BOT concession company.

-p@,p@
PO=PR+P Rk

(13)
={(RO<URY), " Q=12...;q=12..} H{RZ3 URD)," Q=12...;g=12,...}
PO={RY<U(RY)," Q=12..,r,g=12,...}} (14)
PRR={RY U(RY), " Q=12..,r,g=12...} (15

(2). Rank risk and critical risk

(a) Rank risk
Based on Egs. (8) and (9), the multiattribute risk utility function of group negotiation can

be used to measure risk, and we can find therisk event set WS and P £ of the government
and BOT concession company, respectively. Suppose there are O,P,Q, R, and S risk
events O,P,Q,R ST WS, and therisk utility U, Uy, US, Uy and Uy can be obtained
by means of equation, Based on the preference utility theorem, if the degree of risk utility
is Ug pUG pUS pUS pUS, then the degree of these risks can be ranked by risk utility
value, the sequence being Rf Of Pf Of S. Thus, the concept of ranking can provide

15



negotiators knowledge about the risk factor.
(b) Critical risk and the general risk event

Based on the ranking mentioned above, the negotiators can know the maximum and
minimum degree risk utility of O,P,Q, R, and S risk events. It can be easily found that

risk event R isthemost critical and risk event S isleast critical in this case. The problem
isthat it is hard to find the critical risk events when there exist many risk events. We use
the expected value to deal with the problem and find the critical risk event.

Suppose for the group negotiation with g negotiators of government g=12,...,h, there

ae G- Nriskeventsand N uncertain events. Let fJ(w) denote the weight value of g
negotiators. The weight value represents the different influence among the g negotiators.
Since the g negotiators' utility is assumed to be dependent, the weight value will be 1,
fe(w)=1. Assume the government pursues the maximum utility, that is said, the
government party pursues more uncertainty events. The level of optimal risk utility can be
obtained by differentiationin US, the result is expressed as Eq. (16).

G-N
Ma(EUS)) = Max & f§(wg)Ug)
G=1

G;N G G
newgy 1& W) qeug - ug+ug)

ws wg ws
:[ﬂ(E(U_éf -Ug) | ﬂ(E(Uf))] (16)
Wy Wy
EUS-UfS _
LQM:O'D E(Ug— UgG)=0

G
Vg
\ BUS)=U0F

where U¢ isthetotal risk utility of the risk events for the government.

The result implies that the optimal risk level is the expected utility value of al risk
events, AU3)=Us. Then, the critical risk event and general risk event can be found, the

risk event is a critical event if u$>EUJ). It is a generd risk event if UJ £ EUY),
sugT wg ¥, foral G=12,...,t. Therefore, the critical risk event and general risk event
can be defined in Egs. (17) and (18), respectively.

(i). Critical risk event definition
Let C.R denote the set of critica risk events. For a specific r risk event, " r1 G- N, if

the r risk utility is greater than Ug ", then the r risk event becomes a critical risk event.
It can be expressed as EqQ. (17).

$USNTWE N, st CR{US N >US V" G- N=12,..} (17)
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(i1). General risk event definition
Based on the concept in Eq. (17), the general risk event can be expressed as Eq. (18).

$Ug "W N, stere{ug NEUS N G- N=12,..4 (18)

The result of the critical risk event can be found by using Eg. (17) and the critical risk
events should become critical bargaining chips during negotiation between the BOT
concession company and government. Because the utility of general risk is not greater than
the utility of critical risk events, these will be secondary in negotiation.

5. CONCLUSION

This paper has constructed a risk measurement model and risk analysis framework based
on the multi-attribute decision making and utility theorems The risk utility function has
considered a single attribute and multiattribute event, preference of individual negotiators,
and the preference of group negotiators. This model can be used to measurerisk, rank risk,
and to find the critical risk event for the BOT concession company and government agency.
Also, we have modified Jia and Dyer’'s (1996) definition of risk, which did not consider
the factors of stability inrisk.

Suppose the negotiator utility and events are both independent, the optimal risk level will
then be the expected risk utility value of al events and be able to distinguish the critical
risk events and general risk events. Accordingly, preference of utility, the critical risk
event and general risk event can be obtained from the risk sets' optimal risk level, and it
can be interpreted that critical risk events are the primary bargaining chips and general risk
events are the secondary target of bargaining.

This study was conducted under the assumption that events, event attributes and utility
functions of the negotiators are independent. In practical situations, however, events are
not entirely independent and other negotiators will affect utility preference and cognition
of the negotiators. The results will change when the assumptions are changed and we
believe that this can be investigated in the future. Also, the game model of the negotiation
contract can be explored.
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Abstract. This study attempts to identify and assess the potential risks of BOT projects.
Based on risk analysis and the multi-attribute utility theory, the negotiator's utility and
group utility functions are established via mathematical analysis. The method can evauate
the risk status of event attributes, and can justify whether the event is arisk event or not.
This study shows that if the value of group aggregation utility is less than the weight
expected utility, the event is regarded as a risk event; otherwise, it is a non-risk event.
Numerical examples show that the concession period of the BOT project is the primary
risk event; while the foreign exchange ratio is the secondary risk event. The concession
period should be the primary consideration in negotiation of the BOT projects. The model
developed herein can be applied for use in the contract negotiation of the BOT project.
More importantly, this model can find the primary and secondary risk event from among
many risk events.

Key Words: BOT; risk assessment; risk identification; uncertainty
1. Introduction

BOT (Build, Operate and Transfer), one type of privatization, is a newly developed
approach where the private sector is granted a specific concession to independently plan,
design, construct, operate and maintain a project. However, the ownership of the
completed project is transferred back to the government at the end of the concession period.
Both the public and private sector face great risk in executing a BOT project. The public
sector utilizes this approach to alleviate the government’s financial burden, learn
technological know-how and management skills from the private sector, and share the
potential risks with another party. Meanwhile, for the company seeking the BOT-
concession, negotiating the concession contract becomes an important job in trying to
share and transfer the possible risk to another party. However, the company must analyze
and identify risk events in advance before they can transfer the risk. This study examines
risk assessment and risk identification regarding concession contracts for BOT projects.

Risk assessment is the key issue for the Concession Company, involving tendering of
the BOT Projects and contractual negotiation (Tiong, 1995; Sidney, 1996). Risk
assessment is also the key to successful contract negotiation (Tiong, 1990a; Walker and
Smith, 1996). Risk sharing is an important incentive for concluding engineering contracts
and is important in both investment and contract negotiation (Levitt, et al., 1980; Walker
and Smith, 1996).

The analysis of risk assessment can be classified into qualitative and quantitative
analysis. Philip (1995), Tiong (1990b, 1995), and Walker and Smith (1996) investigate
different types of risks encountered by BOT projects, like political risk, commercial risk,
legidative risk, risk of construction completion, operational risk, and so on. However,
qualitative analysis can hardly explain some important measures of effectiveness (MOE)
such as the level of risk, how risk is produced, how to identify primary and secondary risk
and so on. On the other hand, Quantitative analysis, like statistical analysis (Buhlmann,
1996; Jaselskis and Russell, 1992), financial analysis (Cuthbertson, 1996), engineering
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economic anaysisc (Cooper and Chapman, 1987), and the weighted method (Mustafa and
Al-Bahar, 1991), have been broadly applied to transportation investment projects. Hwang
(1995) investigates the relationship between the level of risk and the rate of return of the
investment in the BOT Project using the concept of property rights and transaction cost.
He applies the statistical approach to measure the project risk, and the expected value of
investment benefit was obtained by assuming risk as a specific probability distribution.

The Financial analysis applied to risk includes Net Present Value (NPV), Benefit-Cost
(B/C ratio) and Internal Rate of Return (IRR). These analysis methods must make some
assumptions and estimate future cash flow. However, effectively estimating future cash
flow isvery difficult (Sidney, 1996). As for the utility approach, it can assess risk and also
reflect risk preference behavior of the decision-maker (Seo and Sakawa, 1984,1985;
Keeney and Raffia, 1993).

Owing to different definitions of risk, differences exist among assessment methods. Risk
can be measured via probability, expected value, or variance and so on. Rowe (1977)
defines risk as "The potential for unwanted negative consequences of an event or activity".
Meanwhile, Rescher (1983) explains that "Risk is the chance of a negative outcome”, and
Lowrance (1976) defines risk as "A measure of the probability and severity of adverse
effects’. Ansell and Wharton (1992) define risk as "any unintended or unexpected outcome
of a decision or course of action”; and Cooper and Chapman (1987) define risk as
"Exposure to the possibility of economic or financial loss or gain, physical damage or
injury, or delay, as a consequence of the uncertainty associated with pursuing a particular
course of action". Keeney and Raiffa (1993) apply the expected utility value for assessing
risk shelter. Meanwhile, Jia and Dyer (1996) develop a risk assessment model based on
utility theory, and define risk as negative expected utility in preference, which implies the
concept of risk loss. The conception of risk includes two basic elements, one is " the
possibility of event ", and another is "the potential consequence”.

The above mentioned literature review shows that lack of back-up data is a
disadvantage of qualitative anaysis, because qualitative analysis cannot determine the
level of risk. Though quantitative analysis can overcome these disadvantages, certain
limitations exist. Financial analysis cannot loose assumptions regarding fixed discount
ratio; while statistical analysis faces the assumption of risk probability distribution.
Though the weighting method can reflect the risk assessment of the decision-maker, it
cannot be applied to all situations. Risk analysis based on utility approach can not only
reflect the risk preference of the decision-maker, but aso performs assess the risk of the
event, and hence meets the characteristics of contract risk assessment.

This study attempts to establish arisk assessment model for BOT projects by using the
mathematical analysis method. The remainder of the paper is structured as follows:
Section 2 describes the definition of the BOT problem. Section 3 then makes some
assumptions, defines the risk-state and develops the analysis model, which presents the
group-utility-function. Subsequently, Section 4 presents the solution algorithm for
determining primary and secondary risk. After this, Section 5 presents a numerical
example. Finally, some discussion is presented and conclusions are drawn.

2. Thedescription of problem
This section describes the BOT problem in detail, as follows.
This section assumes a transportation infrastructure project exists which will be carried

out via BOT, and that the contract negotiation process will be conducted between the
Concession Company and government. Generally, the government negotiation team
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includes the members representing transportation, environmental agencies, and local
officials. Meanwhile, the Concession Company negotiation team includes lawyers,
financia consultants, the initiator, engineering experts and so on. The principal negotiator
from each team will be in charge of the negotiation process. Nevertheless, if the
negotiation fails, the concession contract will not be valid. The negotiation aims to discuss
possible uncertainties in the contract, define the individua rights and obligations of each
party and, finally, write all agreements in a concessional format. Figure 1 presents a
conceptual diagram of this process.

a S O . Individual negotiator

. . Primary negotiator

BOT private group government group

Figure 1. Primary Negotiators and Individuals

Risk analysis is one method widely applied to clarify the uncertainties involved in the
BOT contract. Primary and secondary risk events can be identified by assessing the
uncertainties, and discussing the primary risk event during negotiation. Restated, both
parties will determine the key risk analysis issues requiring discussion during the contract
negotiation process. Figure 2 presents a conceptual diagram of risk event, primary event,
and secondary risk event.

Primary Risk
@ Event
3 Risk Event
Events y
Secondary Risk
y Event
Non-Risk Event

Fiqure. 2 Coneptual of Event, Risk Event, Primary Risk Event,
and Secondary Risk Event

3TheModd

This section presents the assumptions made by the proposed model. Furthermore, the
definition of risk state and the individual utility functions, as well as the group aggregation
utility function developed in this research are described.

3.1 Assumptions

The assumptions made by the proposed model are as follows:
(1) Agential relationships exist between negotiators and the parties they represent;
however, we assume that the agent's costs have noting to do with the negotiators’
utility.
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(2) The utility function of the negotiator is a continuous function.

(3) The negotiator makes decisions rationally.

(4) The probability distribution of attribute outcome occurrence is assumed to be a
Bernoulli experiment, and the probability of occurrenceis regarded as the probability
of success.

Assumption (1) shows that the negotiator is authorized by a specific organization.
However, if the agent cost does not equal zero, adverse-sel ection behavior might occur. On
the contrary, if the agent cost equals zero, the agential relationship cannot influence utility
function. Assumption (2) implies that the utility function will not change with the variation
of discrete or continuous data. The assumption satisfies the N-M axioms (i.e., Von
Neumann-Morgenstern). Meanwhile, Assumption (3) satisfies the principle of maximizing
utility while minimizing risk. Finally, Assumption (4) ensures that the negotiator assesses
the attribute outcome, state and probability of the event based on previous experience or
information.

3.2 Definition of Risk State

This section defines risk state and constructs the risk assessment model used by the
negotiator, including single-attribute utility. After this, the assessment model of multi-
attribute utility is developed, followed by the group aggregation utility function of
negotiation.

(). Definition of risk state

Assume n states of a specific event exist, s;,s»> ,L ,s, ; state j is denoted as
sj, Jj=12..,n; the probability of outcome for the statej is p;; each state corresponds to
an outcome of attribute Xx;; and each attribute outcome Xx; corresponds to a utility value
uj(x;). p;  uj(x;) isthe utility assessment value of a negotiator regarding each state of
the corresponding attribute outcome. Meanwhile, E(u(x))is the expected utility value of

all the states. Based on the definition of risk proposed by Ansell & Wharton (1992) and Jia
& Dyer (1997), and on the assessment concept of risk preference proposed by Keeney and
Raiffa (1993), the "risk state” isdefined as: " From the decision-maker’s point of view, an
event where the actual value of a specific state is less than the expected utility value of
each of al the states'. This definition of risk stateis shown in Eqg. 1.

Rj° uj(xj)<EWUX)," j (1)
Where R; means state j is arisk state; v;(x;) is the utility assessment value of the
negotiator regarding state ; for a specific event; E(u(x) =4 pju;(x;); and O£ uj(x)) £1;

J

0£ pj£1.

Eqg. (1) implies that if a negotiator believes that an event where the utility of its
atribute outcome x; is less than the expected utility value of each of the attribute
outcomes, a risk of exists of the event occurring in state s;. Eqg. (1) defines the single

attribute outcome of an event. Generally, most events belong to the multi-attributes. For
the case of a transportation project, it is assumed here in that ten stations need to be built.
Then, some of the stations are categorized as having multi-attributes. Thus, the multi-
attribute utility function is developed based on Eq. (1), and is stated as below.
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Assume an event has m outcomes for attribute outcomes, x, X,,...,X,....X,,, =12,...,m;

s X
and n dtates, §,S,...,S-S, j=12..,n. Denote s; as the state j, j=12..n; and
pj =Prob(xj;,s;) is the probability corresponding to each state and attribute outcome. Let
R ={p, pi2,--- Pjj»-Piny b€ the probability at state s; corresponding to each attribute
outcome and O£ p; £1. Meanwhile, let u(x;) be the utility value of a negotiator regarding
atribute outcome x; at state s;. Furthermore, E(u(x)) is the expected utility value of
attribute outcome x;. Finaly, Eux) is the expected utility value of all attribute

outcomes for all states. Table 1 presents the relationship among the outcome of the multi-
attribute, state, and probability of an event.

Table 1 Relationship among event state, attribute outcome, and utility

States of Event Weight
S S1, 82 s S j e Sy
Xl X11 , X12 L, X]_/',L . X1in
M (p11 ) (p12 )L . (p1j)L (P1n)
Outcome Mo M M M
of X; Xj1 o, Xjz2 Lo x5, Lo, Xijp
. (pir) (pi2)L (pji)hL o (pin)
Attributf M MM ¥ y
e Xm Xm1.+ Xm2, L . Xm . L . Xmp
X (Pm1) (Pm2)L (P 1L (P )
u(x) U( X1 )reens U( Xy j)seons u(Xxip) W
- M M M M M
Ut'“ty u(x;) U( X1 ) u(x,-j-) ..... u(Xi,) W
M M M M M
ux
u(Xx,,) U( X1 )ees U(X gy )seees u(Xmn) Wi,

Note: j; denote the probability value of attribute outcome Xj; at state S;

Table 1 shows that the relationship among s;, X; and p; is one by one, i.e,
Prob(x-1)j,Sj)1 Prob(xj,s;)=0. This relationship proves that X, ,; and X; are mutualy
independent under the state s;. Consequently, the utility assessment of a negotiator can be
defined as Eq. (2).

Rj ° uj =pj” txj) < EUR))," i,j 2
Where R denotes the risk of attribute outcome;/ at state j for an event; u;; representsthe
assessment utility value of a negotiator regarding attribute outcome / at state j of an
event; Euwx)) is the expected utility value for the multi-attribute of an event,
Eux)) = én w; é’l piju(x;) ; and w; denotesthe weight of the outcome of each attribute.

=1 j=
Eq. (2) pr@e]nts the utility assessment of a negotiator for attribute outcome; at state j of

an event. If the utility value isless than the expected utility value of al attributes and states,
the negotiator believes this situation represents a risk state for the attribute outcome at the
corresponding state. Otherwise, this situation represents a non-risk state. If =1 in Eq. (2),
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i.e, EuX))=Eux), then the multi-attribute outcome for the risk state assessment

model of Eq. (2) will reduce to a single attribute mode, asillustrated by Eq. (1).
(i1). Normalization of the risk utility

As defined in Eg. (1) and (2), utility value can vary significantly. Although
Ofuj(x;)£1, O£ p;£1, O£ y;(x;)£1, and OF p; £1, E(ux)) may be larger than 1.

Consequently, the utility must be normalized. Based on the utility theorem (Keeney and
Raiffa, 1993), the utility normalization can be represented as Eq. (3).
p/'/" uxjj) - ml,in{pij' u(Xjj)}

Ui (i) = max{ pij- ULk mind Py UL 1S 3)

mlfclx{ pjj” UXjj)} - mfin{ pii WX}
Where v (x;) isthenormalized utility value.

Since 0f u(x;)£1, O£ pj£1, SO O£ u}}(x,-/-)£1, it max{ pj;” u(x;)} = min{ p;” u(x;)}, then
/ !

u}}-(x,-j) =0. The normalized utility value ranges between 0 and 1. The specia case for
events with the single attribute outcome caseis i=1.

3.3 Utility Function of Individual Negotiators

Based on the definition of risk states and utility normalization as proposed above, the
utility assessment model of negotiators can now be devel oped.

From the multi-attribute utility theory (Keeney and Raffia, 1993) and multi-attribute
risk utility function (Seo, 1990); the utility assessment model related to multi-attribute
outcome and the state expressed as Eq. (4) can be developed.

For negotiator g, uq(u;(x,j)) = u}}-(x,-/-) < E(u' () 4
Where u}}(x,-j) isthe normalized utility value of Eq. (3); uq(uZ-(X,'j)) isthe utility value of a
negotiator for agiven event; and E(u’ () isthe normalized expected utility value.

Because uj(x;) is the normalized utility value, the value of ug(uji(x;) is between O
and 1. However, if the value of uj(x;) is less than E(u" (%), the negotiator believes an

event a state s; and attribute outcome x; involves some risk. Eq. (4) illustrates the risk

assessment for an individual negotiator of a given event.

The above demonstrates that risk assessment and identification of an event is determined
by al the negotiators. Additionally, incorporating the utility function of individuals into
group aggregation utility function is important. Furthermore, the risk of an event can be
assessed based on its utility.

3.4 The Group Aggregation Utility Function

This section presents the utility function of attribute outcome for group negotiators of an
event, as well as the group aggregation utility function. The risk assessment of an event is
devel oped based on these.
(). The Concept of Multi-Attribute Utility (MAU) Function

The multi-attribute utility theory proposed by Keeney and Raiffa (1973, 1993) had
been broadly applied in decision-making (Seo and Sakawa, 1985), choice behavior (Tzeng,

25



et a, 1989) and other related research topics (Bosel et a., 1997). The MAU model is based
on the utility theory, which can be divided into the additive and multiplicative models. The
MAU model makes three assumptions, including (1) the total number of attributes should
be no below two, (2) the preference of the decision-maker should be independent, and (3)
the utility of the decision-maker is independent of their preference. The multi-attribute
utility function can be expressed as Eq. (5).

n n

U(X) = & kiUj(x) + k & kikjUi()U j(x))+L + K™ YhakoL kg O)U200)L Un(x) — (5)
i=1 i=1
J>i

Where Uj(x;) isthe utility value of the event attribute, and itsvalueis 0£U;(x) £1, X, is
the event attribute; U(x) isthe multi-attribute utility function; k; isthe relative weighting
value of attribute 7, 0£k; £1; and k isthe scale constant.

Eq. (5) is the generalized representation of MAU model, when 3 k; =1 and the MAU

/
isan additive model. Otherwise, § k; * 1, and the MAU is amultiplicative model.

1
(i1). The Multi-Attribute Utility Function of Negotiators

As described in Section 2, the process of concession contract negotiation is a kind of
group participation; which determines the primary and secondary event through group
decision-making. This section, develops the utility function of group negotiators based
upon the individual negotiator utility function. To assess the risk or non-risk state, the
multi-attribute utility function of negotiators developed here is based on Eq. (5).

We assume there are Q negotiators in the BOT Company’s team, g=12...,Q and the

utility function of negotiator q is expressed as uq(u}}-(x,-j)). Additionally, the utility, i.e.,

negotiator preference is assumed to be independent. The multi-attribute utility function of
negotiators can then be expressed as follows.

g-1
0 . , o1 . , . (6)
k a Kgkatg(ujj(Xj) ua(ujj(xj)) +L + k<" “kiko L koth (Uji( X)) ta(uji (X)L to(uji( X))
=1
>
Where GU, j; denotes the utility value of the group negotiators for attribute outcome  x;;
a state s; of agiveneventand, j=12,.,n, i=12..,m while kg representsthe relative

weighting value of a negotiator, where O£ k;£1.

Since 0£ ug(uj(x;)£1 and OEkGEL, 0£GU4 ; £1. Eq. (6) is the mixed model for
group negotiator utility. Let E(uq(ufj(x,-j))) be the expected utility value for al attributes
of an event. When GuU g < E(uq(u;}(x,-j))) , we know that the negotiation group believes a
risk exists for an event a state s; and attribute outcome x;;. Otherwise, no risk exists for

an event a state s; and attribute outcome x;. When negotiator utility, event attribute and

state are independent, Eq. (6) is the additive model of MAU and the utility weighting value
kqof the negotiator can be solved by the weighting method, which was developed by

Tzeng et a. (1989) and is shown in Eq. (7).
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+Katiquij(5y) )~ Katl(uj(xi)”) = Kqr1tigra(tij () ) - Kgritga(tii) )

18 kg =1 v
Ta

Where uq(u}}(x,-j)*) is the maximum value of the negotiator's ( g) utility for a given event

a attribute outcome x;; uq(u;}(x,-j)**) is the minimum value of the negotiator’s ( q) utility

for a given event a attribute outcome x;; uq+1(u;}(x,j)*) is the maximum value of the

negotiator’s (g+1) utility for agiven event at attribute outcome x;; uq+1(u;}(x,-j)**) isthe

minimum vaue of the negotiator's (g+1) utility for a given event at attribute
outcome x;;and kg isthe relative weighting value of the negotiator g.

If weighting value k4is incorporated into Eq. (6), the utility assessment of the

negotiation group of a given event at each state can be obtained. This utility value
represents mutual assessment result of the negotiation team for a specific state of an event.
Restated, the negotiation group can reach a consensus regarding the assessment of states of
an event.

(iii). The Aggregation Utility Function of the Negotiation Group

This section develops the risk assessment model for the negotiation group of a given
event; while the aggregation utility value of the negotiation group for the risk and non-risk
states of an event isintegrated by the concept of minimum distance in utility value between
the risk and non risk states.

Section 3.4 (ii) provides the utility value of the negotiation group of an event at a
given state, which the utility value can be distinguish the risk state or non-risk state.
Applying GU 4 ;; obtained from Eg. (6), which the vdue of Gu; can be ranked from O

to 1. Let s; bethe variable of the horizontal axial of a given event, and let Gu 4 j; be the

variable of the vertical axial. Based on the risk state defined herein, the utility value of the
non-risk state exceeds that of the risk state. Ranking the state by Gu, ; from 0 to 1

distinguishes the risk state and non-risk state of a given event. By multiplying &, with the

utility value of both states, the aggregation utility function of the negotiation group can be
obtained. This utility value results from integrating all negotiators assessments of a given
event at various states.

Following the assumptions made in section 3.1, GU 4 ; can be obtained through Egs. (6)

and (7). Based on the value of GU;, the state of an event can be distinguished into risk
state and non-risk state. Let GUUCL; i be the maximum utility value of the negotiation
group of an event in the non-risk state; let GUUL,' i

negotiation group for an event in the non-risk state; let GRU

be the minimum utility value of the

u..
al

value of the negotiation group of an event in the risk state; and let GRU

be the maximum utility

I
q.ij be the

minimum utility value of the negotiation group of an event in therisk state. Finadly, GU is
the aggregation utility function of the negotiation group, which defined as Eq. (8). And
figure 3 presents a conceptual diagram of this process.
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Figure 3. Aggregating utility in risk state and non-risk state

. u I u |
Since 0£GUUqJ-j£l 0£GUUqJ-j£l 0£GRUq'I-j£1,and 0£GRUq,1j£1 the GU

valueis between 0 and 1. The denominator of Eg. (8) isthe utility range for the negotiation

group of a given event. (GUUg i GUUL/' ;i) 1s the utility difference of the negotiation

group of a given event in the non-risk state, while (GRU&’, i GRU'q,,-j) is the utility

difference of the negotiation group of a given event in the risk state. However, utility value
exists in both the risk and non-risk states of a given event. To integrate the utility value and
consider utility weighting value of the negotiator at various states, the distance conception
Is applied to demonstrate the magnitude of the utility at various states.

The numerator of Eq. (8) is the distance differential between the non-risk and risk
states, which shows the magnitude of the difference between two different states and falls
between O and 1. This process is intended to integrate the assessment results of the
negotiator toward utility at various states, and obtain the aggregation utility GU of the
negotiation group of a given event. By integrating utility distance and utility weight, a
single utility value GU, can be obtained, which represents the consensus of the

negotiation group regarding the risk or non-risk state of a given event. When GU < E(U*) ,
the negotiation group believes a given event is risky. Meanwhile, when GU 3 E(U*), the

event is considered a risky. EU") isthe expected utility value of the negotiation group of

. m Q n . .
a given event, KU )=4a (& aGUgqj/nlg/m. When an event has a single attribute
i=1 g=1;=1

S * Q n
outcome, whichis i=1,then fU )= § & GUq i/ nlq.
q:lj:l

4. Analysis of Risk Event

This section defines the risk and non-risk events, and classifies primary and secondary
risk events.
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4.1 Risk and Non-risk Event

Based on the concept addressed in Eq. (8), risk and non-risk events are defined as
below.

For the aggregation utility of negotiation group of a given event, if GU < EWU"), then

an event is arisk event defined as EQ. (9). When GU3 EU"), then the given event is a
non-risk event defined as Eq. (10).
R={GU < E(U" )} 9)
UR={GU* E(U )} (10)
Where R denotesagiven eventisarisk event; UR represents a given event is a non-risk
event; GU is the aggregation utility function of negotiation group toward a given event;

and E(U") denotes the expected utility value of negotiation group toward a given event.

As O£ RE1, 0EUREL1 and 0£ R+URE1, a substitutive relationship exists between R
and UR. Restated, if agiven event isarisk event, it will not be anon-risk event.

According to the concepts presented in Egs. (9) and (10), if a given event is
independent on other events, then the set of risk and non-risk events can be determined.
Assuming there are n uncertain events for the BOT Concession Company, t=12L ,7; U
is the union for T events. For the convenience of anaysis this study assumes the
relationship among the 7 events is independent. By employing the concept presented in
Eq. (8), the aggregation utility value for the T events can be solved. Then, applying the
concept presented in Egs. (9) and (10), the T events can be classified into risk and non-
risk events, as shown in Eqg. (11).

U=R+UR

={GUI < EU" ()," 1 I+{GU'2 EU (§)," 1 T}
Where U denotes the union of all the events, R represents the union of risk events; and
UR isthe union of non-risk events.

(11)

4.2 Primary and Secondary risk event

Though the priority of risk events can be obtained by using Egs. (8) to (10), this
approach cannot find the primary and secondary events. Thus, the critical risk level of the
risk event union must be further determined, to distinguish the primary and secondary risk
events.

(i) Determine the critical risk level

According to the assumptions made in sections 3.1 and 4.2, Q negotiators exist for the
Concession Company, gl @,and N risk events. Let f/(» bethe probability for event r,

and let k be the weighting value for negotiator. For convenience, the relationship among
the N eventsisassumed herein to be independent. As the decision-making behavior of the
negotiation group is rational, it can be treated as maximizing the expected utility value.
The critical risk level can be solved by first order differentiation of the expected utility

value EWUN), asshownin Eq. (12).

N
Max(E(U")) = Max( & f (kHGU")
r=1
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Where cu" is the aggregation utility function for negotiation group toward risk event;

when 0,

cu" isthe average utility for risk event.
Eg. (12) demonstrates that the critical risk level is the expected aggregation utility value

of the negotiation group toward all the risk events, namely gcuV)=(cu"). When
culN < geuly, which shows that the aggregation value of the negotiation group toward a
given risk event is less than the critical risk level, and the given event is a primary risk
event. Meanwhile, when cuV: gcuV, the given risk event is a secondary risk event.

(ii). Primary and secondary risk event

According to Eg. (12), the expected utility value of the risk event set can be divided by
the risk event set into the primary and secondary risk event sets. Based on this result, the
primary and secondary risk events are defined as in Egs. (13) and (14).

$GUNT R st cRprio {RorlGUN < gGUM)," N & (13)

$GUNT R st CRec® {ReclGUN® BGUM)," M 8 (14)
Where CRpri denotes the primary risk event set; CRy.. represents the secondary risk event
set; GUuN isthe aggregation utility value of negotiation group toward event N; & denotes
therisk event set; £Gu™) represents the critical risk level.

By applying the utility value, the risk events can be divided into the primary and
secondary risk event sets. According to the utility preference theory, the lower the utility
level, the lower the preference, and thus the higher the risk level. Thus, the main
bargaining items for the Concession Company during contract negotiation are the primary
risk event, followed by the secondary risk event.

5. Numerical example

This section presents a numerical example describing the risk assessment of a specific
project. Events with a single attribute outcome are applied for analytical convenience.

5.1. Description of the Events

Assume rights for contract negotiation regarding a transportation infrastructure project
are granted to a BOT Concession Company. This BOT Company will face numerous
uncertainties during the concession period, such as: land acquisition, loan credit ratio,
discount ratio, concession period, price control, and foreign exchange rates. The example
herein assumes the Concession Company’s negotiation team contains six negotiators. The
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research data of these events are supported by Feng and Chung (2000). Assumed utility
values and probability for attribute outcome is applied herein. Each event is described in
detail below.

a. Land acquisition (L)

The Concession Company must consider that if the government cannot acquired the land
for the route and station in time, the Company cannot start construction on schedule,
delaying both completion and operation. Assume the delay time is 0,1,2,..., 10 years,
corresponding to 10 states ( y). Meanwhile, let the increased construction cost (sc) be

the outcome of the attribute resulting from a year long delay. Given the utility value
L) of each negotiator, and the probability value p(y) of event occurrence,

uL)=ubo)” p(y), Where y(r) denotes the utility value of the negotiator regarding specific
attribute and state. Meanwhile, (b9 wbe) p(y) @l correspond to ten states ( y), and thus
each hasten values.

b. Discount ratio ( D)

L et the discount ratio be 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17% and
18%. A total of twelve-states (d) exist, where o is the discount ratio. The cost for
paying interest (c) is the outcome of attribute. Meanwhile, the utility value for the
negotiator regarding attribute the attribute outcome is u(c), while the probability value
IS p(d). ub)=uc) pd), Where yp) denotes the utility value of the negotiator
regarding the outcome of attribute (¢) and state. Furthermore, ¢, wu(c) and p(d) are al
corresponded to each state d, so they all have twelve values. The outcome of attribute (c)
and utility value of the negotiator and the occurrence probability of specific state for
each event are given by the assumptions.

c. Loan credit ratio (C)

The Concession Company must pay the loan interest to the financiers within the
concession period. If the credit ratio increases, the interest cost will aso increase,
meaning increased risk. Let the credit ratio be 6.5%, 7%, 7.5%, 8%, 8.5%, 9%, and
10%. A total of seven states (rc) exist where(rc) represents the level of the loan credit
ratio. The attribute outcome for this event is interest cost (ic). Meanwhile, w«ic) is the
utility value for the negotiator regarding attribute outcome, and the occurrence
probability for each state (rc)is p(re). wi)=wic” prc), where ) denotesthe utility
value for negotiator regarding attribute and state. Meanwhile, (ic), wic) and p(rc) are
all corresponded to each state ( rc), so each has eight values. The outcome of attribute,
negotiator utility value and the probability of a specific state negotiator for each event
are given.

d. Price Regulation (P)
Assuming the government regulates the ticket price, and assuming the fare changes
every two years, the origina unit fare will be set at NTD 180. If no price regulation

occurs, the fare will be adjusted according to the fluctuation of the price index (3%), and
the future unit fare will be set at $NT 185, $NT 191, SNT 197,... , SNT 298. After
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implementation of price regulation, the unit fare will be $NT 180, $NT 180, $NT 180,
SNT 191, $NT 191, ... , $NT 215, $NT 215, $NT 215. The state of the price regulation
event is the unit fare before and after price regulation, a total of eighteen-states ( f)

exist, while 7 is the adjusted unit fare. Meanwhile, the attribute outcome is the revenue
loss (R), uR istheutility value of the attribute outcome of the negotiator, and the state
probability is p(f). uP =uR  p(f), Where yp denotes the utility value of the
negotiator regarding attribute and state. £, «R) and p(f) are corresponded to each of

the eighteen-states, so each of them has eighteen values. The outcome of the attribute,
negotiator utility value, and the probability of a specific state occurring for each event
are given by the assumptions.

e. Concession period (T)

The setting of the concession period is related to the characteristics of the BOT project,
and any change in the concession period will significantly impact the Concession
Company. Assuming a state of this event is the number of years of the concession period,
for concession period from 27 to 35 years, nine states (¢) exist. ¢t isthe concession year,
while attribute outcome is the operational revenue (bg. The utility value for negotiators

regarding attribute outcome is ure, While the probability is p(f). umn)=ube  p),
where 1) denotes the utility value for the negotiator regarding the attribute and state.
Meanwhile, (bg, ube) and p(r) are al corresponded to each of the nine states, so each

has nine values. The utility value of the negotiator and the occurrence probability of
specific state for each event are given

f. Foreign exchange rate (E)

The foreign exchange rate is defined in New Taiwan Dollar verses US Dollar, which
IS re=$NT/$US. Assuming a purchasing plan exists for the concession company during

the concession period, and that this plan is priced in US dollars, then this purchasing
plan faces a foreign exchange risk. If the magnitude of exchange rate fluctuation is too
great, the cost will increase.

Assuming the purchasing plan of the concession company includes buying twenty
four vehicles at r,=310in the second year of the operational period, twenty four

vehicles at r,=30.5in the seventh year, and twenty four vehicles at r,=318in the

twelfth year. The predicted actual exchange rate is between 29.8 to 32.5, there are 17
states (re). The attribute outcome is the purchasing cost. Meanwhile, the utility of the
negotiator regarding attributeis u(cp) , while the occurrence probability of the exchange

rate state is p(re). Moreover, wE)=ucp) pire), Where y£) denotes the utility value
u(cp) of the negotiator regarding attribute and state. Meanwhile, u(cp) and p(re) al
correspond to the 17 states, and have 17 values. Findly, wucp) and p(re) are obtained
by assumption.

5.2. Theutility function for an individual negotiator
(). Risk assessment of an event

By applying the assumptions made in the previous section, as well as the utility value
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(obtained from Eq. (2) & (4)) of the negotiator for each state of a given event, the results
of therisk analysis are obtained and summarized in Appendix Table 1.

For land acquisition, negotiators #2 and #3 believe that if the delay is under one year,
the event is non-risky; otherwise, it is risky. Meanwhile, negotiators #1 and #5 believe if
delay equal to zero, the event is non-risky; otherwise, it is risky. Finally, negotiator 6
believesthat if the delay is under two years, the event is non-risky; otherwise, it is risky.

Regarding discount ratio, for ratios at 13%, 14% ~15%, 14% ~15%, 14% ~16% and
14% the event is in a non-risk state, and otherwise it is risky. Meanwhile, regarding
concession period, negotiators #1, #2, #4, and #6 believe no risk exists when the
concession period is setting at exactly 30 years; but otherwise they consider the event risky.
Meanwhile, negotiators #3 and #5 believe there no risk exists when the concession period
isset at 30 or 31 years, but otherwise arisk exists. Meanwhile, regarding loan credit ratio,
negotiators #2, #3 and #5 believe that if loan credit ratio is at 6.5%, the event isin the non-
risky state, otherwise, it is in the risky state. However, negotiators #2, #3 and #5 believe
that if loan credit ratio is at 6.5%, the event is in the non-risk state, otherwise, it isin the
risk state. Furthermore, negotiator #1 believes that if the loan credit ratio at 7.5%, the
event is in the non-risk state, otherwise, it is at risk state. Finally, negotiators #4 and #6
believe if the loan credit ratio is at 7% and 7.5%, the event is in the non-risk state,
otherwise, it isin therisk state.

In relation to price control, negotiator #1 believes no risk exists for the first-phase fare
after implementing price control, but perceives risk for the second-phase fare and
thereafter. Meanwhile, negotiators #2 and #6 believe risk exists immediately after
implementing price control. Furthermore, regarding exchange rates, negotiator #1 believes
no risk exists when the exchange rate is at 30.1, 29.8, 30.4 or 30.7 during purchasing;
otherwise, the event is in arisk state. Meanwhile, negotiator #2 believes no risk exists
when the exchange rate is at 29.8, 30.4 and 30.7 during purchasing; otherwise, risk exists.
Furthermore, negotiator #3 believes no risk exists when the exchange rate is at 29.8, 30.1
and 30.9 during purchasing; otherwise, risk exists. Additionally, negotiator #4 believes no
risk exists when the exchange rate is at 30.9, 30.1, 29.8, 30.4 and 30.7; otherwise risk
exists. Furthermore negotiator #5 believes no risk exists when the exchange rate is at 30.7;
otherwise, risk exists. Finaly, negotiator #6 believes no risk exists when the exchange rate
isat 30.1, 29.8, 30.4 and 30.7; otherwise risk exists.

Summing up the above results reveals different utilities for negotiators toward various
event states, causing the appearance of non-risk and risk states for an event. However, the
results match the characteristics of risk-occurring state for the event and risk assessment
for the negotiator’ s utility.

5.3 The group multi-attribute utility function

As presented in the Appendix Table 1, different assessment results exist for negotiators
regarding attribute outcome and event state. Thus, the utility of the negotiation group must
be solved by applying Eg. (6), to obtain various views from the negotiation group
regarding the state of the event. As the utility of the negotiators is assumed to be
independent, while the state of event also is independent, based on the concept in Eq. (6),
the utility function of the negotiation group is additive, and can be solved by Eq. (7). For
land acquisition, the method of solving Eg. (7) is the simultaneous linear equations
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illustrated in Eqg. (15).

i k1y (0) + koo (10) = Kyt (10) + kot (0)

+kn (0) + k3uz(9) = kyta (10) + k3u3(0)

i k1t (0) + kaug (10) = k1t (10) + kqua (3)

i K114 (0) + ks (10) = kg4 (10) + k5 (0) (15)

T ky1y (0) + kg (10) = k14 (10) + kgL (2)

thithkptk3+ky+hks+ks =1
Where w4(0) denotes the minimum utility value of negotiator #1; 1(10) represents the
maximum utility value of negotiator #1; wp(0) isthe minimum utility value of negotiator
#2; up(10) denotes the maximum utility value of negotiator #2; u3(0) represents the
minimum utility value of negotiator #3; u3(9) is the maximum utility value of negotiator
#3; uy(3) denotes the minimum utility value of negotiator #4; u4(10) represents the
maximum utility value of negotiator #4; us(0) isthe minimum utility value of negotiator
#5; u5(10) denotes the maximum utility value of negotiator #5; ug(2) represents the
minimum utility value of negotiator #6; and ug(10) is the maximum utility value of
negotiator #6.

Based on the solution of Eg. (15) and the data of the Appendix Table 2, the utility
weight values of the negotiator of an event are k =0.0366, k» =0.0082, k3 =0.0125,
kg =0.7580, kg =0.1599and kg =0.0249, and the group multi-attribute utility function of
events can be expressed asin Table 2.

Table 2 the group multiattribute utility function of events
Event Group multiattribute utility function
Land GU (y;) =U(tn(L), up(L),L ,ug(L)) =0.0366 4 (L) +0.0082 up(L)

Acq“'s('ﬂ)on +0.0125 u3(L) + 0.7580 ug (L) + 0.1599 us (L) + 0.0249 ug (L)

Discount Ratio [ GU (d ;) = U(tn (D), up(D),L ,ug(D)) = 0.2643t4(D) +0.1386 tp (D)
(D) +0.1323u3(D) + 0.1584 uy (D) + 0.1296 u5( D) + 0.1768 ug ( D)
Concesson [ GU(t}) = U(w(T), tp(T),L ,Ug(T)) = 0154504 (T) +0.1548p ()
Period (7)1, 0.1694 u3(T) + 019311, (T) + 0.1981ug(T) + 0.1734 ug (T)
Loan Credit [ GU(c;) = U(w(C), u2(C).L ,up(C)) = 0.147814 (C) +0.1196 > (C)
Ratio (/) +0.2494 13(C) +0.188Lu (C) +0.1364 U5 (C) + 0.1573 0 (C)
Price Regulation| GU () = U(tn (P), uz(P).L ,ug(P)) = 0.1668 1 (P) + 0.1651uy (P)
(P +0.16683(P) +0.165Luy (P) +0.1713us (P) + 0.1651ug (P)
Exchange Rate GU(ej) =U(w(E),u2(E).L ,ug(E)) =0.184814 (E) +0.0041u, (E)
(E) +0.0038U3( E) +0.2652 14 E) +0.2514 us ( E) + 0.2906 Ug ( E)

Assume all events are independent, then the utility function model of the negotiation
group of all events, including: discount ratio, concession period, loan credit ratio, price
control and exchange rate, can be obtained via the method shown in Eg. (15) and the data
of Appendix Table 2 (continued 1,2). The group multi-attribute utility function toward
each event is presented in Table 2, and weight value in the table indicates the relative
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weight value of a negotiator regarding attribute outcome of the event (refer to Keeney &
Raiffa). For land acquisition, the weight value of the negotiator #4 is 0.758, which shows
that compared to other negotiators, negotiator #4 has a higher utility regarding the attribute
outcome of the event. For exchange rate, the weight value of negotiators #2 and #3 is
0.0041 and 0.0038 respectively, which demonstrates that both individuals have lower
utility regarding the attribute outcome of exchange rate. The weight value of the remaining
events does not differ significantly among the negotiators, which means no significant
recognition difference exists among the six negotiators regarding the attribute outcome of
the events.

Employing the group multiattribute utility function of each event, the results of risk state
and non-risk state of group negotiators are summarized in Appendix 2.

For land acquisition, al the negotiators believe that if delay is under three years, the
event is in the non-risk state; otherwise, it is in the risk state. For the event of discount
ratio, from 12% to 16%, the event is in the non-risk state, otherwise, it isin the risk state.
For concession period, all the negotiators believe the non-risk state exists when the
concession period is set at 30~32 years; otherwise, the event is in the risk state. For loan
credit ratio, al the negotiators believe that if loan credit ratio is between 8.5% to 10%, the
event isin the risk state, otherwise, it isin the non-risk state. Finally, for price regulation,
al the negotiators believe no risk exists for the first-phase fare after implementing price
regulation, but risk exists for the second-phase fare and thereafter.

Summarizing the above results reveals that they differ from Appendix Tables 1 and 2.
Moreover, the above results cannot identify the risk events or non-risk events. The
following section calculates the aggregation utility function of the negotiation team using

Eq. (8).

5.4 Therisk and non-risk events
This section analyzes the risk and non-risk events, as well as the primary and
secondary risk events.

(). Analysis of risk and non-risk events

By applying the utility function of the negotiation group, the overall assessment results
of the negotiation group toward the state of an event can be obtained. However, this
approach still cannot determine if the event isarisk event or a non-risk event, and thus Eq.
(8) is applied for further analysis. Separating the utility value of the negotiation group
toward the state of an event into two categories produces a non-risk event set and a risk
event set. Computing Eg. (8) with maximum and minimum utility value of those two
categories, respectively, obtains the GU value of the event. The aggregation utility value
of each event is 0.5128, 0.6620, 0.4001, 0.4386, 0.2113 and 0.2282, respectively. Based on

EU"), as defined in Eq. (8), the expected utility value for each event can be calculated,
which is 0.0655, 0.2317, 0.2877, 0.2154, 0.2972, 0.2565, respectively. Table 3 shows the
results. From Table 3, for the concession period GuT =02113 < EU’ (1) =0.2672, and

for the exchange rate GUE=0.2282 < EU" (E))=0.2565; both events are risk events,

while the other events are non-risk events. The risk event set is {concession period,
exchange rate}, denoted as R={T, £ ; while the non-risk event union is {land acquisition,

discount ratio, credit loan ratio, price control} denoted as UR={L,D,C,A .
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(ii). Primary risk event and secondary risk event

Applying the concept addressed in section 4.3, the primary and secondary risk event
from the risk events union can be found. In Table 3, concession period and exchange rate
both belong to the risk event with aggregation utility value 0.2113 and 0.2282, respectively.
Assuming events are independent, then according to the concept presented in EqQ. (12), the
average of the concession period and exchange ratio can be computed by substituting the
above two values into the aggregation expected utility in Eqg. (12). This approach obtains
the average utility value of the risk event as 0.2198. As the aggregation utility value of the
concession period is less than the expected aggregation utility value, the event of
concession period (7) is the most risky event in the union of risk events. While the
aggregation utility value of the exchange rate exceeds the expected aggregation utility
value, the event of exchange rate ( £) isthe secondary risk event in the union of risk events.
Thus, the primary risk event union is {concession period} denoted as CR,; ={T}, where

T is represented as a concession term. Meanwhile, the secondary risk event set is
{exchange rate}, denoted as CRy: ={£}, With E represented as the exchange rate event.

Therefore, during concession contract negotiation, the BOT Company should take
concession period as the main negotiation item, followed by the exchange rate.

Table 3 Summary table of risk and non-risk event

Event Aggregation Utility GU Utility E(U*) Risk / Non-risk
Land Acquisition (L) 0.5128 0.0655 Non-risk
Discount Ratio (D) 0.6620 0.2317 Non-risk
Credit Loan Ratio (/) 0.4001 0.2877 Non-risk
Price (fare) Control (P) 0.4386 0.2154 Non-risk
Concession Period (7 0.2113 0.2972 Risk
Foreign Exchange Rate (E) 0.2282 0.2565 Risk

6. Conclusion and Discussion

This study attempts to identify which uncertainty factors (during group negotiation by
the BOT Concession Company with the government) are risk events and which are non-
risk events, and then to determine which risk events are primary and which are secondary.

This study is mainly based on the concept of risk assessment, as well as multi-attribute,
probability and utility theory. By applying the multi-attribute utility theory of Keeney &
Raiffia, this study develops arisk assessment model for the negotiation group, to assess the
utility of an uncertain event in relation to the concession contract negotiation of a BOT
project. Meanwhile, a case study is presented to demonstrate the feasibility of the risk
assessment utility model developed herein. The results of this study show: 1. Assuming the
attribute outcome and state of an event are independent, the multi-attribute utility function
of an event is a generalized equation of the single attribute utility. 2. By applying the utility
function theory of Keeney and Raiffa, utility function of several individual negotiators can
be integrated into a single utility function for the negotiation group. Meanwhile, by
applying the utility ranking and distance conception, the aggregation utility function can
be developed. Furthermore, integrating the utility assessment value of all the negotiators
toward various states, the risk level of an event can be assessed. 3. If the negotiation group
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minimizes risks, they also maximize the expected utility value of the group. The critical
risk level of the risk set can then be found, and this critical risk level is the expected utility
value of al risk events. After this, the primary and secondary risk event can be obtained
from therisk set. 4. Based on the example presented herein, the aggregation utility valueis
for the six events, exchange rate, loan credit ratio, price control, land acquisition and
discount ratio, is 0.5128, 0.6620, 0.4001, 0.4386, 0.2113 and 0.2282, respectively. The
concession period and exchange rate are risk events, while others are all non-risk events.
Among the union of risk events, the concession period is the primary risk event, while the
exchange rate is the secondary risk event.

Additionally, the results herein are achieved under the assumptions that attribute
outcome and state of an event are independent, that the six events are independent, and the
utility among the negotiators are independent. However, real world events are not entirely
independent, and interaction will occur among negotiators. For future studies, the above
assumptions can be relaxed, for example: a risk assessment model regarding interactions
among negotiators can be developed, and so too can a risk assessment model regarding
interaction among events; which will bring the simulation closer to reality. This study
considers the perspective of the BOT Concession Company, but in the future the risk
assessment model could also be developed from the perspective of government.
Furthermore, a real case study based on a BOT project implemented in Taiwan can be
presented, to verify the practicability and feasibility of the model developed herein.
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Appendix Table 1 Analysisresults of a negotiator regarding risk and non-risk statefor a given event

Event Land acquisition Discount Ratio Concession Period
Negotiator | Non-risk state Risk state Non-risk state Risk state Non-risk state Risk state
(delay year) (delay year) (Concession term) (Concession term)
1 0 Over one year 13% others 30 years others
(including one year)
2 Lessthan 1 year | Over one year 13% others 30,31 years others
(including two year)
3¢ Lessthan 1year| Over oneyear 15% others 30 vyears others
(including two year)
4" Lessthan 1year| Over oneyear 14%, 15% others 30 vyears others
(including two year)
5 0 Over one year 14%, 15%, 16% others 30, 31 years others
(including one year)
6" Lessthan 2 years Over one year 14% others 30 years others
(including three year)
Event Loan Credit Ratio Price Control Exchange Rate
1% 7.5% others SNT 180,$NT 191 others 30.1,29.8,30.4,30.9 others
2" 6.5% others $NT 180 others 29.8,30.1,30.9, others
3¢ 6.5% others $NT 180 others 29.8,30.4,30.9 others
4" 7.5% others SNT 180 others 29.8,30.1,30.4,30.9 others
5" 6.5% others $NT 180 others 30.9 others
6" 7.5% others $NT 180 others 29.8,30.1,30.4,30.9 others
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Appendix Table 2 Analysisresults of therisk and non-risk for event

Event The land acquisition of construction event
State (the year of delay)
Utility 0 1 2 3 4 5 6 7 8 9 10 kq
1 0.2009 0.0241 0.0385 0.0419 0.0318 0.0107 0.0057 0.0004 0.0000 0.0000 0.0000 0.0366
2" 0.8964 0.7704 0.0615 0.0008 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0082
3¢ 0.5870 0.5137 0.0615 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0125
4" 0.0012 0.0048 0.0066 0.0097 0.0034 0.0020 0.0008 0.0001 0.0000 0.0000 0.0000 0.7580
5 0.0460 0.0200 0.0156 0.0319 0.0144 0.0025 0.0000 0.0000 0.0000 0.0000 0.0000 0.1599
6" 0.2279 0.2275 0.2958 0.1505 0.0033 0.0099 0.0000 0.0000 0.0000 0.0000 0.0000 0.0249
U 0.0360 0.0261 0.0175 0.0177 0.0061 0.0026 0.0008 0.0001 0.0000 0.0000 0.0000 -
Outcome] U U U U R R R R R R R -
Event Discount ratio event
State (discount ratio )
Utility % 8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% kg
1 0.0015 0.0223 0.0376 0.0850 0.2209 0.2866 0.4001 0.3760 0.1769 0.0887 0.0113 0.0091 0.2643
2" 0.0009 0.0148 0.1093 0.1440 0.2305 0.2907 0.7609 0.3751 0.2043 0.1789 0.0746 0.0110 0.1386
3 0.0014 0.0133 0.0599 0.0768 0.1169 0.1472 0.5870 0.6378 0.7973 0.3930 0.2357 0.0598 0.1323
4" 0.0157 0.0369 0.0431 0.0657 0.1301 0.2187 0.3856 0.6647 0.6808 0.5006 0.1070 0.0359 0.1584
5 0.0000 0.0157 0.0401 0.0797 0.1242 0.3573 0.7569 0.8127 0.7802 0.7880 0.0977 0.0905 0.1296
6" 0.0043 0.0223 0.0440 0.0710 0.1070 0.2552 0.4449 0.6000 0.5584 0.3796 0.1127 0.0183 0.1768
U 0.0039 0.0215 0.0528 0.0859 0.1614 0.2616 0.5267 0.5524 0.4882 0.3487 0.0941 0.0325 -
Outcome| R R R R R U U U U U R R -

Note: "U" denotesthe non-risk ; the "R" denotes the risk
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Appendix Table 2 Analysisresults of therisk and non-risk for event (Continued 1)

Event The Concession time event
State (concession year )

Utility 27 28 29 30 31 32 33 34 35 kq -

1 0.0000 0.0000 0.0002 1.0000 0.8910 0.6980 0.5095 0.2100 0.1100 0.1545

2" 0.0000 0.0000 0.0000 0.9980 0.9500 0.8500 0.4500 0.3000 0.1000 0.1548

3 0.0000 0.0000 0.0015 0.8910 0.9120 0.4950 0.1000 0.0010 0.0001 0.1694

4" 0.0000 0.0000 0.0200 0.8000 0.4750 0.4950 0.1100 0.0010 0.0001 0.1931

5 0.0000 0.0000 0.0110 0.9980 0.9000 0.6000 0.3500 0.2500 0.0100 0.1548

6" 0.0000 0.0000 0.0002 0.7984 0.4275 0.2970 0.0385 0.0003 0.0000 0.1734

U 0.0000 0.0000 0.0059 0.9073 0.7444 0.5632 0.2474 0.1180 0.0341 -

QOutcome| R R R U U U R R R - -

Event The credit ratio event

State (discount ratio )

Utility 6.5% 7.0% 75% 8% 85% 9% 10% kg - - -

1 0.1990 0.4701 0.8737 0.4020 0.0613 0.0121 0.0089 0.1478

2" 0.9589 0.8693 0.4330 0.2432 0.0992 0.0449 0.0020 0.1196

3 0.4680 0.3306 0.2906 0.0546 0.0660 0.0171 0.0090 0.2494

4" 0.1157 0.5478 0.6089 0.4990 0.0024 0.0002 0.0090 0.1818

5 0.8404 0.6843 0.4235 0.2908 0.0261 0.0018 0.0011 0.1364

6" 0.2016 0.7225 0.7280 0.3570 0.0990 0.0121 0.0001 0.1573

U 0.4282 0.5625 0.5364 0.2887 0.0570 0.0136 0.0056 -

Outcome| U U U U R R R -

Note: "U" denotesthe non-risk ; the "R" denotes the risk
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THE RISK ASSESSMENT OF THE NEGOTIATION GROUP FOR BOT
PROJECTS
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(multiattribute decision making)

(group aggregation utility function)
(group aggregation utility value)
(weighted expected utility value)

(the concession period) (foreign
exchange ratio) BOT
BOT
BOT
ABSTRACT

The purpose of this paper is to identify and assess the risk of BOT projects under
uncertain condition for decision-makers. The individual and group utility functions in the
risk assessment model, which is based on the risk, multiattribute decision making and
utility theory are developed. Based on the model, the events with the group aggregation
utility value smaller than the weighted expected utility value are considered as risk events.
While main risk event is selected with the group aggregation utility value smaller than the
expected utility of risk events. The risk assessment model provides an approach to quantify,
identify and determine the main risk event under BOT negotiation. Results of the
numerical example show that "the concession period” is the main risk event, while the
"foreign exchange ratio” is the minor risk event. The main risk event should be treated as
the primary bargaining proviso for the BOT parties and government officials when
performing BOT contract negotiation. Also, the numerical example shows that the model
can be used to identify the risk and determine both main and minor risk events.

Key Words: BOT; Risk assessment,; Risk identification; Negotiation group
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--  BOT 1
The Risk M easurement of the BOT Projects
Under Interactive Utility among the Negotiators

Cheng-Min Feng? Chao-Chung Kang?®

(weakly separable preference)
(iterative algorithm)

(interactive
utility value, IUV) 0 0
1

BOT

ABSTRACT

The purpose of this paper is to measure the risk of BOT projects when there are
interactive réelationship among the negotiators. Based on the utility theorem and the
weak separability theorem, a dynamic programming of the risk measurement model
Is developed to simulate the utility dependent behavior among the negotiators. The
results of numerical example show that the interactive relationship of negotiators
increase when the sum of interactive utility value near to 1. Otherwise the
interactive relationship of negotiators becomes independent when the sum of
interactive utility value is 0. The algorithm of the model can be converged when the
difference value between negotiator's utility is small, and the discussion frequency
increases when the difference value between negotiator’s utility becomes large. It
shows that the group utility model and iterative algorithm in this paper can be
applied to analyze the interactive behavior and risk measurement in BOT projects.

Key Words. BOT; Discussion; Risk; Risk measurement, Utility dependent

4, NSC89-2211-E-009-024
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0.2009 0.0241 0.0385 0.0419 0.0318 0.0107 0.0057 0.0004 0.0000 0.0000 0.0000
0.8964 0.7704 0.0615 0.0008 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.5870 0.5137 0.0615 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0012 0.0048 0.0066 0.0097 0.0034 0.0020 0.0008 0.0001 0.0000 0.0000 0.0000
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0 1 2 3 4 5 6 7 8 9 10
0.2009 0.0241 0.0385 0.0419 0.0318 0.01071  0.005700 0.0004 0.0000 0.0000 0.0000
0.2009 0.0241 0.0385 0.0419 0.0318 0.0107 0.005710] 4.00E-04f  0.0000 0.00000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.00000  0.000010 0.0000  0.0000 0.0000  0.0000
0.8964 0.7704 0.0615 0.0008 0.00014 0.0000 0.0000 0.0000  0.0000 0.0000  0.0000
0.8963 0.7702 0.0614 0.0008§ 0.0003 1.80E-094 0.000062 6.30E-06f 0.0000 0.0000 0.0000
-1E-04  -0.0002 -1E-04 0.0000 0.00000 0.00001 0.000062f 6.3E-06 0.0000 0.0000 0.0000
0.587] 0.5137 0.0615 0.0008§ 0.0000 0.0000 0.0000 0.00000  0.0000 0.00000  0.0000
0.5871 0.5141 0.0614 0.0008 0.0000 1.80E-094 0.000062 6.30E-06 0.0000 0.00000 0.0000
1E-04 0.0004 -1E-04 0.0000 0.0000 0.00001 0.0000621 6.3E-06 0.0000 0.0000 0.0000
0.0012 0.0048 0.0066 0.0097 0.0034 0.001  0.000800 0.0003  0.0000 0.0000 0.0000
0.0023 0.0011 0.0614 0.009¢ 0.0026 0.0019 0.000062] 6.30E-06 0.0000 0.0000 0.0000
0.0011 -0.0037 0.0548 -0.00031 -0.0008 -0.0001} -0.000738 -9.4E-09 0.0000 0.0000 0.0000
0.046 0.02 0.0156 0.0319 0.0144 0.00294 0.000010 0.0000  0.0000 0.0000 0.0000
0.0453 0.0161 0.2206 0.0316 0.0023 0.0023 0.000062 5.90E-0f 0.0000 0.00000 0.0000
-0.00071  -0.0039 0204 -0.000§ -0.0121} -0.0004 0.000052 5.90E-0f 0.0000 0.00000 0.0000
0.2279 0.2279 0.2958 0.1505 0.0033 0.0099 0.0000 0.0000  0.0000 0.0000  0.0000
0.2108 0.007¢ 0.2206 0.1415 0.0021 0.0039 0.000062] 5.90E-06  0.0000 0.0000 0.0000
-0.0173 -0.2199 -0.0752 -0.009 -0.0012 -0.0060  0.000062] 5.90E-06  0.0000 0.0000 0.0000

50 50 11 5 5 6 1 1 1 1 1

GU 0.0360 0.0261 0.0175 0.0177 0.0061 0.0026 0.000g 0.0001 0.0000 0.00000 0.0000
GU 1.3332 0.6639 0.2262 0.0389 | 0.018836 0.006018 0.000432 0.0000 0.0000  0.0000
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