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Weighted Estimate of Country Risk Using
a Fuzzy Method of Maxmin Convolution

P (52 2 1
Sevinj Babayeva'"", Inara Rzayeva®, and Tofig Babayev

! Institute of Control Systems of ANAS, Baku AZ1141, Azerbaijan
babayevasevinj@yahoo. com
. Azerbaijan State University of Economics, Baku AZ1101, Azerbaijan

Abstract. Weighted attribute estimates and fuzzy method of maximin convo-
lution based two approaches to evaluation the levels of country risk are con-
sidered. To obtain the final estimates of the country risk levels for an arbitrary
set of alternatives these approaches are used on the base of expert conclusions
regarding factors of country risk. The study is completed by comparative
analysis of finale estimates of country risks.

Keywords: Country risk - Concordance coefficient - Fuzzy set

1 Introduction

Along with force majeure situations, country risks carry the dangers of political, legal,
and socio-economic character. Therefore, to guarantee protection against such threats,
it 1s necessary to take into account the economic and political situation in the aggregate
(especially in emerging markets), which, in fact, predetermined the introduction of the
concept of “country risk™. Country risk (CR) is a multi-factor category characterized by
a combined system of financial and economic, socio-political, and legal factors that
distinguish the market of any country [1]. According to the degree of CR the countries
are ranked by quantitative assessments. This ranking includes the following stages:
(1) selection of financial and economic, socio-political and legal variables of CR:
(2) identification of the weights of the selected variables of CR on the base of their
relative influence on the CR-level; (3) expert estimation of CR factors using the
established scale: (4) determination of weighted index reflecting the CR-level.

At present, many world rating agencies, and international institutions, such as
Euromoney, Institutional Investor, Mood’s Investor Service, the European Bank for
Reconstruction and Development (EBRD), the World Bank (WB), etc.., are currenty
ranking countries according to their CR-level. At the same time, existing approaches
are conditioned by qualitative and/or quantitative, economic, combined, and struc-
turally qualitative methods for esuimating of CR.

© Springer Nature Switzerland AG 2019
R. A. Aliev et al. (Eds.): ICAFS-2018, AISC 896, pp. 559-567, 2019.
https://doi.org/10.1007/978-3-030-04164-9_74
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2 Problem Definition

Well-known auditing firm Pricewaterhouse Coopers uses a limited set of variables to
formulate the ratings of the investment attractiveness of states. These variables are
formulated and denoted in the following form: x; — the level of corruption; x» —
compliance of legislation; x5 — the level of economic growth; x4 — state policy on
accounting and control; xs — state regulation [1]. On the base of above list of variables
for the CR-aggregation it is necessary to conduct a preliminary expert analysis by
conducting the comparative qualitative assessment of the risk factors (by simple
ranking method on the base of expert preferences) and quantitative estimation of the
weights of these factors (by applying the normalized values of the weights). Further, by
determining the degree of consistency of the expert estimates relative to the priority x;
(i =1+ 5) and their generalized weights 1t is necessary to compile the total index in
the range from 0% to 100%.

Assuming the variables x; (i = 1 + 5) as qualitative characteristics that exert rel-
ative effects on the CR-level, in addition to the above, it 1s necessary to carry out a
multi-criteria evaluation of the alternative (hypothetical countries) relative to their SR-
levels by a fuzzy maxmin convolution method.

3 Ranking of CR-Factors in the Orders of Experts’
Preferences

Suppose that expert evaluations of the degrees of importance of CR-factors x;
(i = 1 + 5) are determined by independent questionnaire of 15 profile specialists. Each
expert was asked to arrange the variable x; according to the principle: the most
important variable should be designated by the number “17, followed the less important
one by the number “2”, and further in descending order of importance. The rank
estimates obtained in this way are summarized in Table 1.

Table 1. Ranking of CR-factors in the orders of experis’ preferences.

Expert | Estimated Expert | Estimated factors
factors and their and their ranks (r;)
ranks (ry)

Xy [N | N3 | Xy | Xs X | X2 | x| xg [

01 1124 (3 ([5]09 1| 3] 2| 4] 5

02 113214 (5|10 1| 3] 2| 5| 4

03 2 (1514 13|11 1| 31 4] 2| 5

04 112415 (312 1| 2] 3] 5| 4

05 2 (1|3 |4|5]|13 21 1| 4] 3|5

06 112413514 31 1] 2] 4|5

07 2 (1|4 |3|5]|15 1| 2] 5| 4] 3

08 112453 |3 r; [21]29]52(55]65
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To determine the degree of consistency of expert opinions, the Kendall concor-
dance coefficient is applied, which demonstrates a multiple rank correlation of expert
opinions. According to [2, 3], this coefficient is calculated by the formula:

W 12-8 ()
- m2(n® —n)’

where m 1s the number of experts; n is the number of CR-factor; § 1s the deviation of
expert conclusions from the average value of the ranking of the CR-factor, which is
calculated, for example, by the formula (3):

§=3"3lry—mn+1)/2, 2)

i=1 j=1

where ry; €{1, 2, 3, 4, 5} is the rank of the i-th CR-factor, established by the j-th expert.
In the case under consideration (see Table 1) the value of § 1s 1450 and Kendall
concordance coefficient is W = 12-145{];’[152(53 — 5)] = 0.6444. Condition W > 0.6
testifies the strong consistency of expert opinions on the importance of CR-factors.

4 Weight Identification of CR-Factors

Now, suppose that at the preliminary stage of the independent questionnaire, each
expert was also instructed to establish the values of the normalized estimates of
CR-factors weights. The results of this questionnaire are summarized in Table 2.

Table 2. The values of the normalized estimates of CR-factors weights.

Expert | Normalized weights for factors Expert | Normalized weights for factors
(037) (o)

X X2 A3 Xq Xs X X2 A3 Xq X5
01 0.300 [ 0.250 | 0.150 {0.225 [ 0.075 [ 09 0.27510.1750.200 { 0.100 { 0.250
02 0.35010.175 | 0.200 [0.150 | 0.125 | 10 0.300 1 0.200 [0.250{0.100 | 0.150
03 0.225{0.250 |0.150 {0.175 {0.200 | 11 0.300 {0.175{0.150 {0.250 | 0.125
04 0.27510.250 |0.175 [0.100 | 0.200 | 12 0.30010.250 {0.200 [ 0.100 | 0.150
05 0.250 {0.2750.200 {0.175 {0.100 | 13 0.22510.250 |0.175{0.200 | 0.150
06 0.300 1 0.250 (0.150 {0.200 | 0.100 | 14 0.200 |1 0.300 [0.250{0.150 | 0.100
07 0.200 {0.375]0.150 {0.175 [ 0.100 | 15 0.300 {0.250 {0.125{0.150 | 0.175
08 0.3250.300 | 0.150 | 0.025 | 0.200 | > "r;; |4.125|3.725 |2.675|2.275 | 2.200

Starting from the data of Table 2 let us make preliminary calculations for the
subsequent identification of the CR-factors weights. It is necessary to define the group
estimates of the CR-factors and the numerical characteristics (degrees) of competence
of all experts. To calculate the average value «; from the i-th group of normalized
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estimates of the CR-factors weights, let us use the weighted degrees of expert com-
petence by following difference equation:

m

w(t+1) =Y wit)ay. (3)

i=1

where w(r) is the weight characterizing the level of competency of the j-th expert
(j=1-+m) at time . In this case, the process of finding group estimates of the
normalized values has an iterative character, which is completed under following
condition:

m?x{|a;(r—|— 1) —ai(t)|} <e (4)

where & is the permissible accuracy of calculations, which is set in advance. In this
case, let it be ¢ = 0.0001.

Let at inidal stage ¢ = 0 experts have the same levels of competence. Then,
assuming for the general case w;(0) = 1/m as the initial value of the level of compe-
tence of the j-th expert, for the i-th group of normalized estimates of the CR-factors
weights the average value in the first approximation is obtained from the partial
equality:

il iwj(o)a,} :%i ” (5)

In accordance with (5), the averaged estimates of the CR-factors weights by groups
in the first approximation are the following corresponding numbers: {o(1); oa(1):
aa(1): ay(1): os(1)} = {0.27500: 0.24833: 0.17833: 0.15167: 0.14667}. It is not diffi-
cult to see that requirement (4) is not satisfied for the first approximation. Therefore, in
order to proceed to the next stage, let us calculate the rating coefficient as:

5 15
n(1) = > > o(1)oy; =3.2042. Then, according to the following equalities:
i=1j=1

S o
w;(1) —m;as(i) cai (=1, 14),

14 15
wis(1) = 1= _wj(1), D _wi(1) =1,
=1 =1

where wys(1) 1s the competency indicator of the 15-th expert, let us calculate the of
expert competence indicators in the first approximation as: {wy(1); wa(1); wa(1); wy(1);
ws(D: w1 wy(D): wg(1): wo(1): wig(1): wip(D: wia(1); wia(D): wig(l);
wis(1)} = {0.0676; 0.0676; 0.0645; 0.0666; 0.0668; 0.0675; 0.0674; 0.0698; 0.0645;
0.0668; 0.0652; 0.0679; 0.0648; 0.0660; 0.0672}.
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Now let us compute the average group estimate of the CR-factors in the second

approximation by the formula (3), or more precisely from its particular expression:
15

%;(2) = > wi(1)a. In this case, the average estimates of the CR-factors for groups
j=1

i =1 -+ 5 1n the second approximation are the numbers: {a1(2); o2(2); ot3(2); 004(2):

os(2)} = {0.27547; 0.24876: 0.17821; 0.15116: 0.14640}. Checking the obtained

values for condition (4) and convincing that it is not satisfied again: max{|ai(2) =

(D]} = max{[0.2755 — 0.2750|; ]0.2488 — 0.2483|; [0.1782 — 0.1783|; [0.1512 —

0.1517; |0.1464 — 0.1467|} = 0.0005 > &, it is necessary to calculate the rating coef-

L
ficient as: 5(2) = > 3 a(2)a; = 3.2056. Then the indicators of expert competence at
i=1j=1
the second approximation wi2) (j = 1 = 15) will be following numbers: {w;(2): wa(2):
w3(2); wa(2); ws(2): we(2); wo(2); we(2); wo(2); wig(2): wi1(2): wia(2): wyz(2); wia(2):
wis(2)} = {0.0676: 0.0676: 0.0645: 0.0666; 0.0668: 0.0675: 0.0674: 0.0699: 0.0645:
0.0668; 0.0652; 0.0679; 0.0647: 0.0660; 0.0672}.
The average group estimates of the CR-factors in the third approximation are
obtained from the following particular expression of formula (3), namely:

15
%(3) = > w;(2)o;. In this case, the average values of the CR-factors for the groups
j=1

i =1 -+ 5 in the third approximation are the following numbers: {a;(3): o2(3): o3(3):
o4(3); s(3)} = {0.27547; 0.24876; 0.17821; 0.15115; 0.14640}. The accuracy of the
group estimates x; (i = 1 + 5) in the third approximation already satisfies the condition
(4), that is, max{|a;(3) — a(2)|} = max{|0.27547 — 0.27547|, |0.24876 — 0.24876|;
[0.17821 — 0.17821]; [0.15115 — 0.15116]; [0.1464 — 0.1464|} = 0.00001 < &, which
is the basis for stopping calculations. Then {o;(3): ot-(3): 03(3): 0t4(3): o5(3)} are the
summarized weights of CR-factors x; (i = 1 + 5).

5 Determination of the Weighted CR-Level

The method of expert evaluations supposes discussing the factors that influence to the
CR-level by the group of especially mnvolved specialists. Each of them is given a list of
possible risks on the basis of variables x; (i = 1 =+ 5) and is offered to estimate of the
probability of their occurrence in percentage terms on the base of the following five-
point rating system: 5 — INSIGNIFICANT RISK: 4 — MOST PROBABLY THE RISK SITUATION DO NOT
OCCUR; 3 — ABOUT THE POSSIBILITY OF RISK IT IS IMPOSSIBLE TO SAY ANYTHING DEFINITELY: 2 —
THE RISK SITUATION WILL MOST PROBABLY COME; | — THE RISK SITUATION WILL MOST CER-
TAINLY COME. Further, expert judgements are analyzed for consistency by the rule: the
maximum permissible difference between two expert opinions for any kind of risk with
respect to x; (i = 1 = 5) should not exceed 3. This rule allows filter inadmissible
deviations in expert judgements of the probability of occurrence of the risk for each
CR-factor. The summary index, theoretically ranging from 0 to 100 can be calculate by
following assessment criterion:
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]
Zaif"a’
R=—C1——x 100, (7)

max E o€
i =
i=1

where ; is the weight of the importance of the i-th CR-factor; ¢; is the five-point
evaluation system based expert judgement of the risk probability for i-th CR-factor.
The minimum index symbolizes the maximum risk, and vice versa. CR-level is
established on the base of the graduation of the resulting weighted estimates.
Suppose that the expert community is offered to test 10 altemnative countries ay
(k=1 = 10) by the five-point system: every expert need to assess the degree of
influence of financial and economic, socio-political, and state-legal factors in these
countries on their CR-level. So, estimates of the CR levels of these countries are
obtained on the base of consolidated (averaged) expert opinions and application of the
assessment criterion (7). Obtained estimates are summarized in the form of Table 3.

Table 3. Indexes of the CR-levels for alternative countries.

Alternative countries | Weights of CR-factors Index
o Oy |0 Oy |05
a 450(4.75 (4.5 |14.75(4.25191.27
as 4.85(4.50 [4.55)12.75|3.75|84.62
as 3.7514.003.25(3.8513.25(73.30
ay 42513.45(2.85]12.75|1.85|16447
as 4.00(2.55(3.00|12.25|1.85|57.64
dg 3.5512.8512.00(1.25]0.85(47.13
a; 225]11.75|1.25(1.85]1.50(35.54
ag 225]1.85|1.25(0.75]10.25(29.06
dg 5.0014.75|4.85(4.8514.75(97.04
app 3.2512.8513.75(4.2513.50 | 68.55

6 Ranking CR-Levels of the Countries Using the Fuzzy
Method of Maxmin Convolution

The processing of expert judgements by the five-point system presented in Table 3
concerning the CR-factors for altemative a; (k = 1 <+ 10) one can be carried out using
the mathematical apparatus of the fuzzy sets theory by three stages.

Step 1. Construction of the membership function (fuzzification), which appropriates
to the evaluation concept “NON-EXISTING RISK™ [4]. In the case under consideration, this
term can be reflected in the form of a fuzzy subset of the discrete finite set of estimated
altematives (in our case, countries) {dy, @, ..., dyg) in the following form: A; =
{pada)ay: ... padarolayo). where pgq(a,) (t= 1=+ 10) is the value of the member-
ship function of the fuzzy set A; which determines the ratio of the #-th country to the



Weighted Estimate of Country Risk Using a Fuzzy Method 565

evaluation criterion A; = NON-EXISTING RISK. As the membership function it is possible to
choose a Gaussian function of the form: yu(a,) = exp{—[ei(a;) — 5)*/6?}. where
efa,) 1s the consolidated expert judgement for the country a, (t = 1 <+ 10) obtained by
five-point scale for compliance with the risk of the i-th factor as non-existent; 67 is the
density of the location of the nearest elements, which is chosen as equal to 4 for all
cases of the fuzzification [3].

Step 2. Determination of concrete values of the membership function pada,)
(r =1+ 10) according to the criteria A;. In this case, assumed that x; (i = 1 < 5) are
linguistic variables, it is possible to represent one of their terms, namely: “NON-EXISTING
RISK” by fuzzy subset A; of the discrete universe U = {ay, a». ..., a;0) as follows [4, 5]:

o Ay = {0.9394/as; 0.9944/as; 0.6766/a3; 0.8688/as; 0.7788/as; 0.5912/ag; 0.1510/as;
0.1510/ag; 1ag; 0.4650/a,):

o A = {0.9845/as; 0.9394/as; 0.7788/az: 0.5485/as; 0.2230/as; 0.3149/ag; 0.0713/as;
0.0837/ag; 0.9845/ao; 0.3149/a,,):

o As = {0.9394/a;; 0.9506/as; 0.4650/as; 0.3149/ay; 0.3679/as; 0.1054/as; 0.0297/as;
0.0297/ag; 0.9944/aq; 0.6766/a,):

o Ay = {0.9845/a;; 0.2821/as; 0.7185/as; 0.2821/ay: 0.1510/as; 0.0297/ag; 0.0837/as:
0.0109%ag; 0.9944/ay; 0.8688/a,0);

o As = {0.8688/a,; 0.6766/as; 0.4650/as; 0.0837/a,; 0.0837/as; 0.0135/as; 0.0468/a;;
0.0036/ag; 0.9845/a9; 0.5698/ay,).

Step 3. To identify the best altemnative the convolution of available information.
The set of optimal alternatives A is determined by intersection of fuzzy sets containing
estimates of alternatives according to the NON-EXISTING RISK criterion [4]. In this case,
the rule for choosing the best alternative is

A:AlﬂAgﬂAgﬁA4ﬂA5. (8)

Having the maximum value of the membership function of the fuzzy set A alter-
native is considered optimal. According to [5], the intersection of fuzzy sets appro-
priates to the choice of the minimum value for the alternative a, (f = 1 + 10) is

#alar) = min{uy (a))}. 9)

According to (8) and (9) the set of optimal alternatives 1s formed as follows [5]:

A = {min{0.9394; 0.9845; 0.9394: 0.9845; 0.8688}, min{0.9944: 0.9394: 0.9506;
0.2821; 0.6766}, min{0.6766; 0.7788; 0.4650; 0.7185; 0.4650}, min{(0.8688: 0.5485;
0.3149; 0.2821; 0.0837}, min{0.7788; 0.2230; 0.3679; 0.1510; 0.0837}, min{0.5912;
0.3149; 0.1054; 0.0297; 0.0135}, min{0.1510; 0.0713; 0.0297; 0.0837; 0.0468}, min
{0.1510; 0.0837; 0.0297; 0.0109; 0.0036}, min{1.0000; 0.9845; 0.9944; 0.9944:
0.9845}. min{0.4650: 0.3149: 0.6766: 0.8688; 0.5698}}.

The resulting priority vector of alternatives is max,{gs(a,)} = max{0.8688: 0.2821;
0.4650; 0.0837; 0.0135; 0.0297; 0.0036; 0.9845; 0.3149}.

Thus, from the point of view of the CR-level the best alternative is the country aq,
which corresponds to the value of (0.9845. Next in descending order: a;—0.8688,
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a;—0.4650, a;0—03149, a,—0.2821, a,—0.0837, as—0.0837, a;—0.0297,
ag—0.0135, ag—0.0036.

Table 4. The comparison of summarized results of CR-levels estimating.

Alternative countries | Weight-counting technique | Maxmin convolution method
Summarized estimate | Order | Summarized estimate | Order

a, 91.27 2 0.8688 2

a 84.62 3 0.2821 5

as 73.30 4 0.4650 3

ay 64.47 6 0.0837 6

as 57.64 7 0.0837 7

dg 47.13 8 0.0135 9

a, 35.54 9 0.0297 8

as 29.06 10 0.0036 10

ay 97.04 1 0.9845 1

apg 68.55 5 0.3149 4

7 Conclusion

Within the framework of the first approach the generalized values of weights x;
(i = 1 = 5) are established on the base of the agreed expert judgements on the priority
of the CR-factors. It becomes the basis for the reasoned formation of the final estimates
of the CR-levels according to the established comparison test at the scale of the
segment [0; 100]. The fuzzy maxmin convolution method, which is the essence of the
second approach, solves the problem by using another way of aggregating of expert
judgements of the CR-factors. A comparison of summarized results of CR-levels
estimating of hypothetical alternatives (countries) a, (f = 1-+-10) obtained by both
methods is presented in Table 4, which shows that the orders of some estimates of the
CR-levels do not coincide.
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