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Abstract. In this paper, we extend the fuzzy similarity measure of two rankings to any finite number of rankings.
We provide a method to convert a measure for a finite number of rankings to a number that represents the
number for two rankings. We apply our results to the sustainability ranking of countries by the Environmental
Performance Index (EPI). The 2020 EPI provides a summary of the state of sustainability around the world. It
uses 32 performance indicators across 11 categories. These indicators provide a way to determine problems, set
targets, track trends, understand outcomes, and identify best policy practices. The EPI ranks 180 countries on
environmental health and ecosystem vitality. The EPI provides a method in support of efforts to meet the targets
of the UN Sustainable Development Goals. The EPI determined that the Global West region ranked the highest.
The purpose of our project is to find the similarity of the 11 rankings of the countries for eight different regions.
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1 Introduction

We use fuzzy similarity measures to provide a measure of the similarity of rankings. Previously, the similarity
of only two rankings at a time could be determined. We extend this situation so that the similarity of any
finite number of rankings can be determined at one time. We convert the similarity measures we find to
a similarity measure that represents the usual situation of two rankings. Further reading concerning fuzzy
similarity measures can be found in [I, 2, 3].

We apply our results to the rankings provided by the Environmental Performance Index (EPI), [1] The
2020 EPI provides a data-driven summary of the state of sustainability around the world. It uses 32 perfor-
mance indicators across 11 categories. The EPI ranks 180 countries on environmental health and ecosystem
vitality. The purpose of our project is to find the similarity of the 11 rankings of the countries for eight
different regions. Countries often find it useful to compare their results to their geographic neighbors rather
than the entire world. We also determine the similarity of other related rankings. Many pertinent references
can be found in [1].

Let n be an integer such that n > 2. Let X be a finite set and FP(X) the fizzy power set of X. Let
FP(X)™ denote the Cartesian product of FP(X) of dimension n. We let A denote minimum and V denote
maximum.
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2 Similarity Measures

Definition 2.1. Let S be a function of FP(X)™ into [0,1]. Then S is called an n-dimensional fuzzy
stmilarity measure on FP(X) if the following properties hold.

V(py ey i) € FP(X)™,

(1)S(p1s o5 ttn) = S(fr(1)y -+ Mx(n)) for any permutation of m of {1,2,...,n};

(2)S(p1;s e pin) = 1 if and only if p1 = ... = pin;

(3) If ptiy iy  rigy then S (oo iy, ooy figy ) < S (ooey By ooy Mgy o) NS (s iy ooy iy 25

(4) If S(p1s -, pin) = 0, then for all x € X, there exists i € {1,...,n} such that p;(x) = 0.

Example 2.2. Let pq,..., un be fuzzy subsets of X. Then M and S are n-dimensional fuzzy similarity
measures, where

erX p1(z) Ao A ()
Yowex H1(T) V.V g (x)’

L Saex @ = 1} = Al @)l = 1,0m))
SUnrmiin) = 1= @) = Lo} ¥ A @) = L))

Suppose we consider n countries and that they have been ranked twice 1 through n with no ties. We wish
to consider their rankings using the above fuzzy similarity operations. We can accomplish this by mapping
the countries to their rank divided by n. For example, let C denote a set of n countries and if a country C' is
ranked ¢, then we define the fuzzy subset p of C by u(C) = % Let u and v be two such fuzzy subsets of C.

Then
2oy W(C) Av(Ci) 3oy nin(Ci) Anw(Ci)
Z?ﬂ w(Ci) A v(Cy) Z?:l nu(Ci) Anv(Ci)

Consequently, there is no loss in generality in assuming that we are measuring the similarity of two rankings
using the integers, 1,...,n. This notion can be extended from 2 rankings to m rankings, where m > 2.

M(p1, o 1)

M(p,v) =

Let m and n be positive integers such that 2 < m < n. Then there exists positive integers ¢ and r such
that n = gm 4 r, where 0 < r < m.

Proposition 2.3. ZZ (n—i+1)= m

Proof. We have Y7 (n—i+1)+> 7 ,i=>"7 (n+1)=g¢(n+1). Thus

q q
Z(n—i—l—l) = q(n+1) Zz (q—i—21)q
i=1 =1

_ 2qn—|—2q—q —q

B 2

2+ q—¢°

S —

O
In the following, we let a;1, ..., a;, be integers between 1 and n,i =1,...,n

The values in Propositions 2.4 and 2.5 below are determined as follows: Consider an m X m matrix with
each column and row containing an n and also a 1. Then maximum of each row is n and the minimum of each
row is 1. Consider another m x m matrix with each column and row containing and n — 1 and also a 2. We
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continue ¢ times so that each column and row contains an n — ¢+ 1 and also a ¢. At this point the ¢ matrices

together (one on top of the other) is an mg x m matrix. Since we need an n x m matrix so that each column

has all entries from 1,...,n, we can adjoin an r X m matrix to obtain the needed n x m matrix. (Note that if

r =0, then mq = n and we are done.) With respect to the mq x m matrix, we have n,n —1,....,n—q+ 1 for

maximum values and 1, 2, ..., ¢ as minimum values. For the r x m matrix, we place n —q i2n each row and also

2qntq—q
2

q + 1 in each row. Now for the mq x m matrix, the maximum values add to m and the minimum

(fI+21)CI)

values add to m( . We need r more maximum values n — ¢ and r more minimum values ¢ + 1. Thus for

2
the n x m matrix, we have that the maximum values add to m2HI=C 4 p(

add to m((qH) )+r(g+1).

Note also that we have g(m — 2) open locations from the ¢gm x m matrix. For r > 0, we then have
q(m—2)+r(m—2) open locations in all. Now g(m —2)+r(m—2) > n—2q = gm+r —2q since r(m—2) > r
for m > 3 or r = 0. That is, there is room for the n — 2¢ remaining numbers, ¢+1,¢+2,...,q+n—29g =n—q.

n — q) and the minimum values

Note that if n — g = ¢+ 1, then n = 2¢g + 1 so that m = 2.
Proposition 2.4. " | (aj1 A ... Aaim) > m((q—H) )+7r(g+1).

Proof. We have by the immediately preceding discussion that

n

Z(aﬂ/\.../\aim) > Zz +7r(g+1)
i=1 =1
= ((q—zl) )+ 7r(g+1).

O
Proposition 2.5. " (a1 V... Vaiy) < mw +r(n—q).

Proof. We have by Proposition 2.3 and the discussion above that

n

q
Z(ailv---vaim) < Zn—z—i— )+ r(n—q)

i=1
2 n—+q—
LIRS R )
O
(g+1)q
Theorem 2.6. The smallest value Z% 1%“’10 Ca’m) can be is m( 2 )2+r(q+1) .
i=1\@il a ) m2qn+2q q -H‘(n—q)

Proof. The smallest value Y. ;(a;1 A ... A a;m) can be is m(w) + (¢ +1). The largest value Y ;- (a1 V

(@A) oo m gD

..V a;ny,) can be is m 2anta=¢® +7(n—q). Hence the smallest value
m 2 i= 1(‘111\/ Valm) m2qn+2q7q2 +7,.(

O

n—q)
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We next simplify this term. We have since ¢ = "= that

m((qgl)q) +rig+1) _ m(q+1)g+2r(g+1)
m(q+1)+2r(1+ 1)
m2n+1—gq)+2r(7 — 1)
m(™=C 4+ 1)+ 2r(1 + )

m(2n+1—275) 4+ 2r(m + 7 — 1)
n—r+m+2r(l+ =)

n—r

2nm+m—n+r+2r(m+ ¢ —1)
2
R
2
2m+ -1+ o+ (m+ 7 —1)

which approaches 2m1_1 as n approaches oo.
Note also
m(%) +7r(g+1) _ m(q+1)g+2r(g+1)
meqngqfﬁ +7r(n—q) m(2ng — ¢%) + 2r(n — q)

m(l+§)+2r(; + )

m(%”—l)—i-%(%—i-q%—%)

m(l+3)+2r(; + )

m(EE 1) 2 (5 = )

- m 1 -
= S o
m@m—1) 2m—1 1

and that n — oo implies ¢ — oc.

Proposition 2.7. [W +r(qg+ 1)]/[% +r(n—q)] > q+1

= 2n+1—-gq-
Proof. We have
n+1 > 0
2n+1—-q > n—gq
27“(2 L1 ) > 27"( )
2o, _ Tin—
m q) = m q
2r 2r
Mg+q—q¢+—C2n+1-q) > 2ng+q—q°+=—(n—q)
m m
2r 2r
(g+=)2n+1-q) > 2m+q—¢*+=(n—q)
m m
2
q+ 3 S 1
2qn+q—@?+2(n—q) ~ 2n+1-g¢
(g+Dg+ T+ g+

2qn+q—q¢* + Z(n —q) 2n+1—q
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q+1 1
2n+1—q — 2m—1"

Proposition 2.8.

Proof. Since r < m, we have

m > r+1
gn+m > gm-+r+1
gn+m > n-+1

2gm+2m—1 > 2n+1
2qm —q+2m—-1 > 2n+1—gq
(g+1)(2m—-1) > 2n+1-—gq
+1 1
2n({|—1—q = 2m — 1

g

Corollary 2.9. L= (@1 Nim) > 3 L

Z?zl(a“\/...\/aim) m—1"

Proof. The result follows from Theorem 2.6 and Propositions 2.7 and 2.8. O

Note that if m = 2, then 2171,171 = % and Corollary 2.9 corresponds to the known result in [2, p. 12].
Note: Let ¢ > a > 0. Then ac > aa and so 2ac > ac + aa = a(c+ a). Hence Ci—aa > <.

- 237 Magjli=1,...,m} > Maggli=1,..m} . n s
Now § = s Wlay et alag =D~ Salagh=romp — M i (Magly = 1,.om} >

/\{aij\j =1,..,m}).

Theorem 2.10. S = -2M

1+M -
Proof.
g — 22?:1 /\{aij\j: 1,...,m}
Z?:l(\/{aiju =1,.., m} + /\{aij|j =1,.., m})
o 22?:1 /\{aij|j = 1,...,1’71,}
Z?Zl(\/{aiﬂj =1,..m}+ Z?:l /\{aij]j =1,...,m})
22?:1 /\{a27|]:1>7m}

1 (V{asjlg=1,....,m} _ 2M

1 + Z?:l /\{aijljzlv"'7m}) 1 + M
Z?:l(v{a”‘]:la:m}

]

Corollary 2.11. The smallest value S can be is f_—“a, where a is the smallest value M can be.

Proof. Suppose there exist a;;,7 = 1,...,n;j = 1,...,m such that S < % Then

2M < 2a
1+ M 14+a

and so 2M + 2Ma < 2a + 2Ma. Thus M < a, a contradiction. O

Now let m and m be integers with n > m > m > 2. Let M and M be determined by m and m, respectively
for a given fixed n and a ranking with m. We wish to determine a relationship between M and an M using a
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smaller m. We construct a straight line passing through the points (5=—, 7—-—) and (1, 1). Note that M=1

and M =1 are the largest values that can be obtained. The slope of the straight line is

1 1
2m—1
e o (1)
T 2m—1

o= _ @m-2)@2m-1) _ (m—1)(2m-1)
and M = sM + 1 — s. It follows that s = Gm—Dm=1) = (m=1)Em=1)"

Example 2.12. Let m = 3,m = 2, and n = 5. Suppose X1, X5, and X3 are three rankings.

X1 | Xo| X5V |A
4 9 2 1 5 |1
Cy 1 ) 4 151
Cs 3 1 5 | 5|1
Cy 4 3 2 1412
Cs 2 4 3|14 |2
Col Sum 23| 7
o~ _ 1 o~
Thus M = -=. We next determine the conversion to M. By (1), s = 1_i =23 =15 Thus M = 2M +¢. For
5
M = 273, we obtain M = 69
1 2
We next consider S. Once again, we assume that n > m > m > 2. We have that 3(27”]1) = 2L — % We
2m—1 2m—1
E R
consider the straight line passing through (%, %) and (1,1). The slope of the line is 17% = % Hence
the desired straight line is S = mm-1)g | 1 _ mlm=1)

m(m—1)

Since our applications below use m values of 3,4,7 and 11, we will be interested in converting these m
values to values for m = 2.

Letﬁl:?)andm:Z.ThenM:%]\?—i—%andSz%g—k%.Letm:4andm:2.ThenM:%]\7+%
andSz%g—i—%.

m(m—1)°

Let m =7 and m = 2. Then M = 13M+18and5’:%§+%,
Let m =11 and m = 2. Then M = 21M—|—30and52%§+2%.

We next consider the case, where m > n. Then it is possible for Y " | (ai1 V...V aim) = n? and Yoy (@i A

A Qi) = N Consequently, the smallest value M can be is % Thus the smallest value S can be is once
1

. 2%
again -t = o +1 We next consider the conversion of M and S values to m = 2 values when > n.
71

Let m = 11 and m = 2. Assume /m > n. Consider the straight line through (1, 1) and (1,1). Then

1
i —4 = Hence M = M+1- ( 0 Consider the straight line through ( and (1,1). Then

3( 0 < D —2-.%)

n n+1
1—%1 :Z(ntl).ThusS— (n+1)5+1—

(n 1)

For the converted values for m = 2, we say that the similarity determined by M is very weak if the value
is < 0.4, weak if the value is between 0.4 and 0.55, medium if the value is between 0.55 and 0.7, strong if the
value is between 0.7 and 0.85, and very strong if the value is between 0.85 and 1. Theorem 2.10 can be used
to determine a similar description for S.



Similarity of Country Rankings on Sustainability Performance-TFSS-Vol.2, No.1-(2023) 7

3 Environmental Performance Index

As a composite index, the EPI distills data on many indicators of sustainability into a single number For the
2020 EPI, 32 indicators of environmental performance were assembled, [1]. The data was used to construct
indicators on a 0 — 100 scale, from worst to best. For each country, the scores were weighed and aggregated
for indicators into 11 issue categories:

Air Quality (AQ),

Sanitation and Drinking Water (SDW),

Heavy Metals (HM).

Waste Management (WM),

Biodiversity and Habitat (BH),

Ecosystem Services (ES),

Fisheries (F),

Climate Change (CC),

Pollution Emissions (EM),

Water Resources (WR),

Agriculture (A).

These issue category scores were combined into two policy objectives, Environmental Health (EH) and
Ecosystem Vitality (EV) and then consolidated into over all EPI.

The two policy objectives were weighted in [1] with respect to their importance as were the 11 issue
categories. The weights are given in the following equations.

EPI =04FEH + 0.6EV,

EH =0.20AQ + 0.16SDW + 0.02HM + 0.02W M
EV =0.15BH + 0.06ES + 0.06 F 4+ 0.24CC + 0.03PE + 0.03W R + 0.03A.

We present the fuzzy similarity measures of the country rankings in terms of all 11 categories, the fuzzy
similarity measures of the country rankings for EPI in terms of EH and EV, the fuzzy similarity measures of
the country rankings for EH in terms of 4 of the 11 categories and for EV in terms of 7 of the 11 categories.
We also present all the country rankings for only the region Global West. Country rankings for the other
regions can be found in [3] or can be provided by request of the authors.

4 Rankings and Similarity Measures

In this section, we provide the country rankings for specific regions as given in [1] and their corresponding
similarity measures. The number of rankings of the countries is greater than m = 2. We convert the similarity
measures we find to the case where the smallest value they can be is 0 and we also convert them to the case
m = 2 by using the equations given at the end of Section 2.

Global West
Country Rankings

In the following situation, From Table 1, we have n = 22, m = 11,¢q = 2, and r = 0.
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Table 1: Global West Rankings

Country AQ|SDW |[HM |WM |BH |ES|F |CC|PE|WR| A Vv A
Denmark 12 | 125 | 1.5 | 25 | 11 | 12| 5 1 7 2.5 1 12.5 1
Luxembourg 11 9 55 | 11 |65 9 6 7 |55 16 16 | 5.5
Switzerland 9 3.5 8 4 21 | 3 4 7 8 13 21 3
United Kingdom | 13 | 3.5 9 13 3 | 1416 2 7 155 10 16 2
France 10 15 13 12 2 719 3 7 ] 13 5 15 2
Austria 25| 16 11 9 |65 8 11 | 7 9 3 16 3
Finland 1 3.5 1.5 6 13 21| 7 8 17 | 2.5 11 21 1
Sweden 25| 10 3 25 |16 |20 |10| 7 7125 6 20 3
Norway 5 3.5 10 | 75 | 17 |11 | 13| 5 | 14| 17 | 18 18 | 3.5
Germany 18 8 12 5 1 5 141 9 |15 7 7 18 1
Netherlands 16 | 3.5 7 1 95| 4 |6 | 17| 7 | 25| 17 17 1
Australia 25| 19 16 | 20 | 95|16 19| 13 | 18 | 10 | 12 20 |25
Spain 20 14 19 15 4 19| 2 | 12 7 11 19 20 2
Belgium 19 17 20 7.5 5 10 | 15| 14 7 15 [ 14.5 20 5
Ireland 8 12.5 14 19 19 | 17| 14| 16 7 12 [ 14.5 19 7
Iceland 4 3.5 5.5 16 20 |15 (12 22 | 22 | 21 22 22 1.5
New Zealand 6 22 18 | 21 8 |15 |18 21 | 19 | 14 8 22 6
Canada 7 18 4 17 22 113 |11] 18 7 16 4 22 4
Italy 22 11 15 18 |12 6 | 3] 15|20 | 19 9 22 3
Malta 21 7 22 10 14 |15 8 | 20 | 21 | 22 20 22 7
United States 15 20 17 | 22 | 18 | 18 |17 10| 7 | 18 2 22 2
Portugal 14 21 21 14 151221119 |16 | 20 21 22 1
Col. Sum 423.5 | 67

(g+1)q
2(0.158) _ 0.316 _ . . oom +r(g+l)
M= 423 5 = 0.158 and S = 75758 = Ti5s = 0-273. The smallest value M can be is m2q7z+2q7q2 )
2
11(3) o 2(0.061) _ 0.122 M—0.061 __ 0.158—0.061 __ 0.097 __
TI(50-1) — 49 = 0.061. The smallest S can be is 170061 — 1061 — 0-115. Now F=556T = ™ 0a35 — = 0939 —

5—0.115 _ 0.273-0.115 _ 0.158
0.103 and $=(972 = =“ggss— = osss — 0179

For m = 11 and m = 2, the value 0.158 converts to is 21(0.158)+9 _ 12‘318 = 0.411 and the value 0.273

30
converts to is 11(0'%3)+9 = 12. 003 = 0.600. We see that the similarity is Weak

EPI Rankings
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Table 2: Global West-EPI Rankings

Country EPI | EH | EV \% A
Denmark 1 9 1 9 1
Luxembourg 2 7 2 7 2
Switzerland 3 5 5 5 3
United Kingdom | 4 9 3 9 3
France 5 12 6 12 5
Austria 6 | 155 4 15.5 4
Finland 7 1 10 10 1
Sweden 8 3 9 9 3
Norway 9 2 [13.5| 13.5 2
Germany 10 | 14 7 14 7
Netherlands 11 13 | 11.5 13 11
Australia 12 11 | 135 13.5 | 11
Spain 13 | 17 8 17 8
Belgium 14 19 | 11.5 19 11.5
Ireland 15 6 19 19 6
Iceland 16 4 22 22 4
New Zealand 17 | 15.5| 18 18 | 15.5
Canada 18 9 20 20 9
Italy 19 | 20 15 20 15
Malta 20 | 18 16 20 16
Untied States 21 22 17 22 17
Portugal 22 21 21 22 21
Col. Sum 329.5 | 176

From Table 2, M = 210 = 0.543 and S = 20548 — L0 _ ) 692, Here n = 22,m =3,¢ =7, and r = 1.

1
mI 4 (g11)  gqig g2

= = 22 = (.222 and the smallest value S can be is
m2qn+2q—q2 fr(n—q) 39915 T 414

2(0.222) _ 0444 _ () 363. Now M=0.222 _ 0.543-0.222 _ 0.321 _ () 413 and 5=0.363 _ 0.692-0.363 _ 0.329 _ (y 51¢.

1+0.222 — 1.222 1-0.222 — = 0778  0.778 1-0.363 0.637  0.637
For m = 3 and m = 2, the value 0.543 converts to is 0.619 and the value 0.692 converts to is 0.769. We

have that the similarity is medium.
Global west-EH Rankings

Look at Table 3. M = 5135 = 0.379 and § = 2%59) — 0158 — 550, Here n = 22,m = 4,9 = 5, and

The smallest value M can be is

(¢+1)q 1
r = 2. The smallest value M can be is m?q” +2q—qj:(f(:_)q) = 2(383)123 L= 4% = 0.166 and the smallest value
2

. 2(0.166) _ 0.332 _ M—0.166 _ 0.379-0.166 _ 0.213 _ 5-0.297 _ 0.550—0.297 __
S can be is 5765 = 1766 — 0-297- Now T=565 = ““0a3s = osa1 — 0-200 and 555057 = =255~ =

0.253
Faa2 = 0.360.
0.703

For m = 4 and m = 2, the value 0.379 converts to is 0.517 and the value 0.550 converts to is 0.700. The
similarity here is medium.
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Table 3: EH Rankings

Country AQ | SDW |HM | WM | V A
Denmark 12 | 125 | 1.5 | 2.5 | 125 | 1.5
Luxembourg 11 9 5.5 | 11 11 | 5.5
Switzerland 9 3.5 8 4 9 3.5
United Kingdom | 13 | 3.5 9 13 13 | 3.5
France 10 15 13 12 15 10
Austria 2.5 16 11 9 16 | 2.5
Finland 1 3.5 1.5 6 6 1
Sweden 2.5 10 3 2.5 10 | 2.5
Norway 5 3.5 10 | 7.5 10 | 7.5
Germany 18 8 12 ) 18 )
Netherlands 16 | 3.5 7 1 16 1
Australia 2.5 19 16 | 20 20 | 2.5
Spain 20 14 19 15 20 14
Belgium 19 17 20 | 7.5 20 | 7.5
Ireland 8 125 | 14 19 19 8
Iceland 4 3.5 | 5.5 | 16 16 3.5
New Zealand 6 22 18 | 21 22 6
Canada 7 18 4 17 18 4
Italy 22 11 15 18 22 11
Malta 21 7 22 10 22 7
United States 15 20 17 | 22 22 15
Portugal 14 21 21 14 21 14
Col. Sum 358.5 | 136

EV Rankings

From Table 4, M = 75 — 0187 and § = 20187 — 0314 — (.315. Here n = 22,m = 7,q = 3, and r = 1.
gt1l)g

ms o Ar(etl) 4244 46
mzqn+2q,q2 +r(n—q) 7(63)+19 460

2(0.100) _ 0.200 __ M—0.100 __ 0.187—0.100 __ 0.087 __ $—0.182 __ 0.315—0.182 __ 0.133 __
Troq00 — 1100 — 0-182. Now F=65" = =“g506 = ooog — 0-097 and =555 = =“G's1s ~ = oaig — 0-163.

For m = 7 and m = 2, the value 0.187 is converts to is 0.413 and 0.315 is converts to is 0.600. The

The smallest value M can be is = 0.100 and the smallest value S can be is

similarity here is weak.
Southern Asia
Country Rankings

Here n = 8 and m = 11 and so m > n.

We have M = % = 0.186 and S = 529(%1)1 = % = 0.314. The smallest value M can be is % = 0.125.

1
The smallest value S can be is 25) % = 0.222. Now M=0.125 _ 0.186—0.125 _ 8:2% = 0.070 and 5=0:222 _

1+é 1-0.125 0.875 1-0.222
0.314—-0.222 __ 0.092 __
0.778 0.778 T 0.118.

For m = 11 and m = 2, the value 0.186 converts to is @(0.186) + 2 = 96 = 0.380 and the value 0.314

3(7)
converts to is gry(0.314) + 7y = 197° = 0.559.
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Table 4: Global West-EV Rankings

Country BH|ES|F |CC|PE|WR| A Y A
Denmark 11 |12 | 5 1 7 2.5 1 12 1
Luxembourg 6.5 9 6 7155 ]| 16 | 16 | 5.5
Switzerland 21 | 3 4 7 8 13 | 21 3
United Kingdom | 3 | 14 |16 | 2 7 155 10 | 16 2
France 2 7191 3 7 13 5 13 2
Austria 6.5 8 11| 7 9 3 11 3
Finland 13 121 |7 8 17 | 2.5 11 21 | 2.5
Sweden 16 | 20 [10] 7 7125 6 20 | 2.5
Norway 17 |11 13| 5 | 14| 17 | 18 | 18 )
Germany 1 5 41 9 |15 7 7 15 1
Netherlands 95| 4 |6 | 17| 7 | 25| 17 | 17 | 2.5
Australia 95(16 19| 13 | 18 | 10 | 12 | 19 | 9.5
Spain 4 19| 2 | 12 7 11 19 19 2
Belgium 5 10 | 15| 14 7 15 | 14.5| 15 5
Ireland 19 | 17 |14 | 16 7 12 [14.5] 19 7
Iceland 20 1512 22 | 22| 21 22 22 | 1.5
New Zealand 8 |15 (18|21 |19 | 14 8 21 8
Canada 22 (13 |11 | 18 | 7 16 4 22 4
Italy 121 6 [ 3] 15|20 | 19 9 20 3
Malta 14 |15 8 | 20 | 21 | 22 20 | 22 | 1.5
United States 18 |18 |17 10 | 7 18 2 18 2
Portugal 151221 1(19 |16 | 20 21 22 1
Col. Sum 399 | 74.5

Southern Asia-EPI Rankings

In Table 5, we have n =8, m = 3,q = 2, and r = 2.

Table 5: Southern Asia-Rankings

Country EPI |EH |EV |V | A
Bhutan 1 3 1 13]1
Sri Lanka 2 2 4 |41 2
Maldives 3 1 8 | 8|1
Pakistan 4 8 2 | 81 2
Nepal 5 5 3 1513
Bangladesh 6 4 6 | 6|4
India 7 7 51715
Afghanistan | 8 6 7T 1816
Col. Sum 49 | 24




12 J. N. Mordeson, S. Mathew-TFSS-Vol.2, No.1-(2023)

(g+1)q
. Lt a4 (41
We have M = 24 — 0.490 and S = 224 — 48 _ ( 658. The smallest value M can be is — 2 5 rlafh)  _
49 494-24 73 m2anta—q +r(n—
5 q)
15
9+6 __ 15 __ . 2(5) 80 _ M—0.263 __ 0.490—0.263 __
Iy = 57 = 0.263 and the smallest value S can be is el PR 0.417. Now T=35e5" = 073 =
0.227 _ 5-0.417 _ 0.658—0.417 _ 0.241 __
o7y = 0-308 and §=5777 = =555 = o5ss — 0414

For m = 3 and m = 2, 0.490, the value 0.490 converts to is 2(0.490) + ¢ = 0.575 and the value 0.658
converts to is 3(0.658) + 1 = 0.7435.

EH Rankings

Here n = 8,m =4,q = 2, andr:O.NowM:%zOAandS:l—%:%:0.57ThesmallestM
m(qgl)qur(qul) m(q+21)11

. 12 s 2a 2(02) _ 04
can be is = = =2 = (.2 and the smallest S can be is = = == = 0.333.
m2qn+2q—q2 +T(TL7(]) Tann-&-Qq—q2 60 14+a 14+0.2 1.2
M—-02 _"04-02 _ 1 _ S$—0.333 __ 0.57—0.333 __ 0.237 __
Hence 755 = =55~ = 1 = 0.25 and =555 = 567~ = 0667 — 0-335

For m = 4 and m = 2, the value 0.4 converts to is % = 0.533 and the value 0.57 converts to is
LI — 0.713.

EV Rankings

Heren =8m =7,g=1,andr =1. Now M = £ = 3 = 0214 and S =1— 5 = 2 = £ = 0.353.
. mMJrT(qul) 9 1 . 2 2
The smallest M can be is o = = = = = 0.143 and the smallest S can be is ==& = £ = 0.250.
m2qn+2q—q +r(nfq) 63 7 1+a 8
M—0.143 _ 0.214-0.143 _ 0.071 _ S—0.250 _ 0.353—0.250 __ 0.103 __
Hence T35 = ““0a7 ~ = oss7 — 0-083 and =555 = =575~ = o77s0 — 0-137.

For m = 7 and m = 2, the value 0.214 converts to is 13(0%4”5 = 7'17882 = 0.432 and the values 0.353

7(0.353)+5 _ 7.471 __
= L1 — 0.623.

converts to 1s 5

Former Soviet States

Country Rankings

In the following situation, we have n = 12,m =11,¢ =1, and r = 1.
M = % = 0.137 and S = 124}5{4 = ffolfgg = ?:%g‘% = 0.241. The smallest value M can be is
m {4 (g+1) 1142 13
= = = =0.091.
mzqn+2zrq2 +r(n—q) 11(12)+11 143
The smallest S can be is ffé?ggli = ?:ég% = 0.167. Now Af__o%%gll = 0'1307_50%091 = 8:838 = 0.051 and
S—0.167 _ 0.241-0.167 _ 0.074 _ () g9

1-0.167 — 0.833 ~ 0.833

For m = 11 and m = 2, the value 0.137 converts to is 21(0'%37”9 = 113'56 = 0.395 and the value 0.241

. 11(0.241
converts to is © 0 )9 HQ%M = 0.583.

EPI Rankings
In the Table 6, n =12,m = 3,q¢ =4, and r = 0.

(g+1)q
M = % = 0.460 and S = 2(0.46) _ @ = 0.630. The smallest value M can be is — 2 Friet])

107 1+0.46 1.46 qun+2q—q2 +r(n—q) -
30 _ 5 _ - 2(0.238) _ 0.476 _ M—0.238 __ 0.460—0.238 __
31 = 21 = 0.238 and the smallest value S can be is 170038 = T3 — 984 Now T5558 = "5 =
0.222 _ S——.384 _ 0.630—0.384 __ 0.246 _
0760 — 0-0.291 and S=5358 = =056 = 0616 — 0-399

For m = 3 and m = 2, the value 0.460 converts to is 0.550 and the value 0.630 converts to is 0.7225.

EH Rankings
In Table 6, n =12,m =4,¢q = 3, and r = 0.



Similarity of Country Rankings on Sustainability Performance-TFSS-Vol.2, No.1-(2023) 13

Table 6: Former Soviet States- Rankings

Country EPI | EH | EV \Y% A
Belarus 1 1 4 4 1
Armenia 2 6 1 6 1
Russia 3 2 7 7 2
Ukraine 4 3 | 55| 55 3
Azerbaijan ) 10 | 2 10 2
Kazakhstan 6 7 8 8 6
Moldova 7 4 10 10 4
Uzbekistan 8 11 3 11 3
Turkmenistan | 9 5 | 11.5| 11.5 5
Georgia 10 8§ [11.5| 11.5 8
Kyrgyzstan 11 9 9 11 9
Tajikistan 12 | 12 | 5.5 12 5.5
Col. Sum 107.5 | 49.5
M = 585 — 0594 and § = 2059 _ LI88 _ (§ 745 The smallest value M can be is m 5 4r(g+1) =
98.5 : 140.594 1.594 : : m2qn+2q—q2 +r(n—q)
(1) 43;123 = % = O.17;)_32;11theosg;?_lloesglvaluoe%i can be is ?Squ% = % = 0.291. Now A{[:OQ'I%O = 0'5904%5:300170 =
0330 = 0511 and =5507 = =555~ = g9 = 0-640.

For m = 4 and m = 2, the value 0.594 converts to is 0.684 and the value 0.745 converts to is 0.830.

EV Rankings
In the Table 6, n =12, m=7,q=1, and r = 5.

. (g+1)q
- . m +r(q+1
M =24 —0.186 and § = 2(0186) _ 0372 _ (314 The smallest value M can be is = (a+l) _
129 1+0.186 — 1.186 2qntq—q _
m 5 +r(n—q)
. 2(0.122 _ _
87411505 = % = 0.122 and the smallest value S can be is % = % = 0.217. Now Af_&f;; = 0'118_60.&1222 =
0.064 _ S—0.217 __ 0.314-0.217 __ 0.097 __
osrs — 0-073 and §=577 = =575 = gss — 0-124

For m = 7 and m = 2, the value 0.186 is converts to is 0.412 and the value 0.314 is converts to is 0.600.
Greater Middle East

Table 7 is used in the following.
Country Rankings

In the following situation, n = 16,m = 11,¢ = 1, and r = 5.

M = % =0.155 and S = ?530115555)) = %ég = 0.268. The smallest value M can be is

m (qgl)q +r(q+1)

— 2
m2qn+2q q +r(n—q)

11410 _ 21 __ -, 2(0.084) _ 0.168 __ M—0.084 __ 0.155—0.084 __ 0.071 __
76575 — 251 — 0-084. The smallest S can be is T 5555 = Tgsq = 0-155. Now T=56F = =505767 = G915 =

5—0.155 _ 0.268—0.155 _ 0.113 _
0.078 and =522 = =T 5155 = o715 — 0-134

For m = 11 and m = 2, the value 0.155 converts to is 21(0';’35”9 = 12255 — ().408 and the value 0.268

. 11(0.2
converts to is © 288)+9 = 112%48 = 0.597.

EPI Rankings
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Table 7: Greater Middle East-Rankings

Country EPI|EH | EV | V A
Israel 1 1 2 2 1
UAE 2 5 1 5 1
Kuwait 3 3 4 4 3
Jordan 4 2 5 5 2
Bahrain 5 |85 3 8.5 3
Iran 6 10 | 8 10 6
Tunisia 7 1851 9 9 7
Lebanon 8 6 13 13 6
Algeria 9 7| 12 12 7
Saudi Arabia | 10 | 11 | 11 11 |10
Egypt 11 | 14 | 6 14 6
Morocco 12 | 15| 7 15 7
Iraq 13 | 13 | 14 14 |13
Oman 14 | 12 | 15 15 |12
Qatar 15 4 | 16 16 4
Sudan 16 | 16 | 10 16 |10
Col. Sum 169.5 | 98

M = % =0.578 and S = ?S&g% = % = 0.733. Here n = 16, m = 3,q = 5, and r = 1. The smallest

(¢+1)q
.o omes 4 r(g+l) 4545 50 2(0.226) __ 0.452 _
value M can be is m2qn+2q_q2 g P0G T 21 T 0.226 and the smallest .S can be {5555 = 7555 = 0.369.
2
M—0.226 _ 0.578—0.226 _ 0.352 _ 5-0.369 _ 0.733—0.369 _ 0.364 __
Now 10226 o074 0774 0.455 and T=5555 = ~“ga31 = oes1 — 0-277
For m = 3 and m = 2, the value 0.578 converts to is 0.648 and the value 0.733 converts to is 0.800.

EH Rankings

M = 25 = 0431 and § = 208U — 0882 _ 602 Here n = 16,m = 4,¢ = 4, and r = 0. The

(g+1)q
. m~—5=+r(qg+1 .
smallest value M can be is ——2— (g+l) _ 3 12‘§0 o = ;—??2 = 0.172. The smallest value S can be is
m qn+2q7q +r(n—q) ( - )
2(0.172) _ 0.342 _ M-0.172 __ 0.431-0.172 _ 0.259 __ S$—-0.292 __ 0.602—-0.292 __ 0.310 __
Tro. = 1ame = 0-292. Now =55 = =S58 = gaas — 0-313 and 5=5505 = =705~ = o708 — 0438,

For m = 4 and m = 2, the value 0.431 converts to 0.557and the value 0.602 converts to 0.747.
EV Rankings

_o4r — 2(0207) _ 0414 _ _ — — —
M = 4L = 0207 and § = 2020 — 044 — (343 Here n = 16,m = 7,¢ = 2, and r = 2. The

(¢+1)q
m +r(g+1 :
Y Tr—— ) 7:2)&)1628 = % = 0.110. The smallest value S can be is
m24mH9=9% () (
2(0.110) _ 0.220 _ M—0.110 _ 0.207—0.110 _ 0.097 _ 5-0.198 _ 0.343-0.198 _ 0.145 _
10110 — 1110 — 0-198. Now T=7575" = 5506 = ogoo — 0-109 and $=g155 = =555 = ooz — 0-181.

For m = 7 and m = 2, the value 0.207 is converts to is 0.427 and the value 0.343 is converts to is 0.617.

smallest value M can be is

Eastern Europe
Country Rankings
In the following situation (Table 8), we have n =19,m = 11,¢q =1, and r = 8.

(a+1)q
455 _2(0.142) _ 0284 _ ..om +r(g+1)
M =35 =0.142 and S = 575 = T = 0-249. The smallest value M can be is mzqnéqiﬁ a)
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11416 _ 27 __ 2(0.076) __ 0.152 __ M-0.076 __ 0.142—0.076 __
5004141 — 353 — 0.076. The smallest S can be 10076 = tos = 0.141. Now T = 5024 =
0.066 _ S—0.141 __ 0.249-0.141 _ 0.108 _ M—0.076 __ 0.142-0.076 __ 0.066 _

ooos = 0071 and $=F757 = =555 = gase — 0-126. Now T8 = 0021 ~ = pozd — 0.071 and
S=0.141 _ 0.249-0.141 _ 0108 _ () 194

1-0.141 — 0859  — 0859 — U140

For m = 11 and m = 2, the value 0.142 converts to is 210142)+9 _ 11982 _ () 399 and the value 0.249

11(0.249)+9 %0 %0
. +9 _ 11.739 __
20949 — 11739 _ 587,

converts to is

EPI Rankings

Table 8: Eastern Europe-Rankings

Country EPI|EH |EV | V A
Slovenia 1 4 2 4 1
Czech Republic 2 5 3 5 2
Greece 3 2 (12 ] 12| 2
Slovakia 4 6 4 6 4
Estonia ) 3 | 14| 14 3
Cyprus 6 1 115 |15 | 1
Romania 7 14 ] 1 14 1
Hungary 8 111 5 | 11| 5
Croatia 9 8 6 9 6
Lithuania 10 7 9 10 7
Latvia 11 |10 7 |11 7
Poland 12 9 10 | 12 9
Bulgaria 13 |13 ] 11 | 13 | 11
N. Macedonia 14 | 19 | 8 19 | 8
Serbia, 15 | 15 | 13 | 15 | 13
Albania 16 | 17 | 16 | 17 | 16
Montenegro 17 | 16 | 18 | 18 | 16
Bosnia and Herzegovina | 18 | 18 | 17 | 18 | 17
Turkey 19 | 12 | 19 | 19 | 12
Col. Sum 242 | 141

M =1l _0583 and S = % = % = 0.737. Here n =19,m = 3,q = 6, and r = 1. The smallest

242
(¢+1)q
My el 6347 _ 70 _ () 996 and the smallest S can be is 2%:220) — 0452 _

value M can be is

I =T (g | S(09)+13 T 310 110226 — 1.226
M—0.226 _ 0.583-0.226 _ 0.357 _ 5-0.369 _ 0.737-0.369 _ 0.368 _
0.369. Now T=556" = =gm75 = oo7ma — 0461 and $=g565 = ==0557" = gig31 — 0-983.

For m = 3 and m = 2, the value 0.583 converts to is 0.6525and the value 0.737 converts to is 0.803.
EH Rankings

M = % =0.445 and S = ff&ﬁg = % = 0.616. Here n = 19,m = 4,q = 4, and r = 3. The smallest

(¢+1)q
..oom +r(g+1 i 2001 ). 596
M can be is mzqnfqti +(:(n )q) = 2480011455 = —35255 = 0.169. The smallest value S can be is 1&%?33) = ?:?gg = 0.289.
. _

M—0.169 _ 0.445-0.169 _ 0.276 _ S—0.289 _ 0.616-0.289 _ 0.327 _
Now T=0160 = ~oss1 = o3t — 0332 and 790389 = ~o7r - = o7i1 — 0-460.

For m = 4 and m = 2, the value 0.445 converts to is 0.568 and the value 0.616 converts to is 0.744.
EV Rankings



16 J. N. Mordeson, S. Mathew-TFSS-Vol.2, No.1-(2023)

M = 435009-'?)5 = 0.163 and S = ?5?01163% = %gg = 0.280. Here n = 19’m — 7’q — 2’ and r = 5. The

(g+1)g
. m~—4r(qg+1 S .
smallest value M can be is —; — (gtl) _ 7(2317*)'i%5 = 3% = 0.105. The smallest value S can be is
m =TI 4 (n—q)
2(0.105) _ 0.210 _ M—0.105 _ 0.163-0.105 _ 0.058 __ S—0.190 _ 0.280—0.190 _ 0.090 _
Tro105 — 1105 — 0-190. Now F=52 = ==5gge= = ges = 0.065 and =5455 = =“Gst5 ~ = oso — 0-111.

For m = 7 and m = 2, the value 0.163 is converts to is 0.395 and the value 0.280 is converts to is 0.580.
Asia Pacific
Country Rankings

In the following situation (Table 9), we have n = 25,m = 11,¢q = 2, and r = 3.

THE o,
M= =0179 and S = 2(0.179) _ 0:358 — (.304. The smallest value M can be is z_frlatl)

1+0.179 — m72q"+2q_q2 +7r(n—q)
3349 42 _ - 2(0.069) __ 0.138 __ M—0.069 __ 0.179—0.069 __
T1(49)+65 — 608 — 0.069. The smallest S can be is 5555 = Toss = 0-129. Now T=3G65 = ~ 61~ —

0.110 _ §$-0.129 __ 0.304-0.129 __ 0.175 _
0.931 — 0.118 and 1-0.129 — 0.871 0871 T 0.201.

For m = 11 and m = 2, the value 0.179 converts to is 21(0';’39”9 = 123559 = 0.425 and the value 0.304
11(0-304)+9 _12.344 _ 0.617
20 = 20 VUL

converts to is
EPI Rankings
M = 256 — (0643 and S = 20643) _ 1286 _ (j 783 ere n = 25,m = 3,q = 8, and r = 1. The smallest

398 140.643 1.643
2(0.220) 0.440

(a+1)q
.o oma (gl 10849 117 : — —
value M can be is m2qn+2q7q2 g BI6H1T ~ 533 = 0.220 and the smallest .S can be is 75557 = T930 =

M—0.220 _ 0.643—0.220 _ 0.423 __ 5-0.361 _ 0.783—0.361 _ 0.422 _
0.361. Now T35 = ““G7ss = o7s0 — 0-942 and §=5567 = =535~ = ni630 — 0-060.

For m = 3 and m = 2, the value 0.643 converts to is 0..7025 and the value 0.783 converts to is 0.837.
EH Rankings

M = % = 0.582 and S = f$0558§% = % = 0.736. Here n = 25,m — 4’q — 67 and r = 1. The

(¢+1)g
. m~—4r(q+1 .
smallest value M can be is e (etl) _ _sae7 91 _ 0.163 and the smallest value S can be is
m2IEI=0" | g) 2(270)+19 559
2
2(0.163) _ 0.326 _ M—0.163 __ 0.582—0.163 __ 0.419 __ S—0.280 _ 0.736—0.280 __ 0.450 __
Tro163 — 163 — 0-280. Now T8 = =5 gzs = osgr — 0901 and =555 = =05~ = g7 — 0-625.

For m = 4 and m = 2, the value 0.582 converts to is 0.675 and the value 0.736 converts to is 0.824.
EV Rankings
M = 25 = 0.188 and § = 20188 _ 0376 _ (1316, Here n = 25,m = 7,q = 3,. and r = 4. The

519 140.188 1.188

(¢+1)q
. Latl)a 4 (g41 .
smallest value M can be is ——2 QT(q ) 42416 _ 58 _ 0.098 and the smallest value S can be is
m?qn+2q7q +r(n—q) 7(72)+88 592

2(0.098) _ 0.196 — 0.179. Now M-0.098 _ 0.188—0.098 __ 0.090 __ 0.100 and §-0.179 _ 0.316-0.179 _ 0.137 _ 0.167.

1+0.098 — 1.098 1-0.098 — ~ 0902  0.902 1-0.179 — = 0.821  — 0.821
For m = 7 and m = 2, the value 0.188 converts to is 0.414 and the value 0.316 converts to is 0.601.

Latin America and the Caribbean
Country Rankings

From Table 10, we have n = 32, m = 11,¢ = 2, and r = 10.

M = % = 0.109 and S = ?f&fgg = %ég = 0.197. The smallest value M can be is

m (quzl)q +r(g+1)
N TS S

33430 _ 63 _ -, 2(0.064) _ 0.128 __ M—0.064 __ 0.109—0.064 __
TOI-114300 — 983 — 0.064. The smallest S can be is 170.064 — 1064 — 0.120. Now F=5er = 5.036 =

0.045 _ 5$-0.120 _ 0.197-0.120 _ 0.077 _
0036 — 0-048 and 7=5-155 = ““g5ss0 = osso — 0-087.
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Table 9: Asia Pacific- Rankings

Country EPI |EH |EV | V A
Japan 1 1 1 1 1
South Korea 2 3 2 3 2
Singapore 3 2 |11 | 11| 2
Taiwan 4 5 3 5 3
Brunei Darussalam | 5 4 9 9 4
Malaysia 6 6 8 8 6
Thailand 7 7 7 7 7
Tonga 8 8 5 8 )
Philippines 9 1311013 ] 9
Indonesia 10 | 17 | 6 17 | 6
Kiribati 11 |24 | 4 | 24 | 4
China 125 10 | 18 | 18 | 10
Samoa 1251 9 | 20 | 20 9
Timor-Leste 14 | 18 | 13 | 18 | 13
Laos 15 | 21 | 12 | 21 | 12
Fiji 16 | 12 | 19 | 19 | 12
Cambodia 17 | 16 | 14 | 17 | 14
Viet Nam 18 | 11 | 24 | 24 | 11
Micronesia 19 | 15 | 17 | 19 | 15
Papua New Guinea | 20 | 19 | 16 | 20 | 16
Mongolia 21 | 20 | 15 | 21 | 15
Marshall Islands 22 | 14 | 23 | 23 | 14
Vanuatu 23 | 22 | 22 | 23 | 22
Solomon Islands 24 | 25 | 21 | 24 | 21
Myanmar 25 | 23 | 25 | 25 | 23
Col. Sum 398 | 256

For m = 11 and m = 2, the value 0.109 converts to is 21(0';)89”9 = 113%89 = 0.375 and the value 0.197
converts to is 11(0;87”9 = 112%]67 = 0.558.
EPI Rankings

M = % = 0.538 and S = ?580552 = % = 0.700. Here n = 32,m = 3,q = 10, and r = 2. The

+1
m e . )q+r(q+1) _ 165422 _ 187
M= (n_g) | 82522 BT

2(0.221) _ 0442 _ M—0.221 _ 0.538-0.221 _ 0.317 _ 5$-0.362 _ 0.700-0.362 __ 0.338 _
Troo21 = 1221 — 0-362. Now T=555 = =077 = g7mg = 0407 and $=0565 = = 5535~ = og3s — 0-930.

For m = 3 and m = 2, the value 0.538 converts to is 0.615 and the value 0.700 converts to is 0.775.

EH Rankings

M = % = 0.464 and S = ?fb‘féi = %Zi = 0.634. Here n = 32,m = 4,q = 8, and r = 0. The

(a+1)g 1
smallest value M can be is ——2— jr(ﬁ ) _ 144 = M4 _ (158 and the smallest S can be is
m20t=C | () 2(512—56) 912

2(0.158) _ 0.316 __ M—0.158 __ 0.464—0.158 __ 0.306 __ S—0.273 _ 0.634—0.273 _ 0.361 __
1+0.158 — 1.158 — 0.273. Now 1—0.158 — 0.842 — 0842 — 0.363 and 1-0.273 — 0.727 — 0727 — 0.497.

For m = 4 and m = 2, the value 0.464 converts to is 0.583 and the value 0.634 converts to is 0.756.

= 0.221 and the smallest value S can be is

smallest value M can be is
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Table 10: Latin America and the Caribbean- Rankings

Country EPI | EH | EV | Vv A
Chile 1 2 (105|105 1
Columbia 2 7 5 7 2
Mexico 3 15 1 15 1
Costa Rica 4 4 12 12 4
Argentina 5 ) 14 | 14 )
Brazil 6 13 4 13 4
Ecuador 7 12 6 12 6
Venezuela 8 18 3 18 3
Uruguay 9 1 29 | 29 1
Antigua and Barbuda 10 6 17 | 17 6
Cuba 11.5| 10 13 13 10
St. Vincent and Grenadines | 11.5 | 21 7 21 7
Jamaica 13 20 9 20 9
Trinidad and Tobago 14 8 22 | 22 8
Panama 15 11 16 16 11
Paraguay 16 | 16.5| 15 | 16.5| 15
Dominican Republic 17 | 27 2 27 2
Barbados 18 3 30 30 3
Suriname 19 26 8 26 8
Dominica 20 [16.5] 20 20 |16.5
Bolivia 21 28 | 10.5| 28 |10.5
Peru 22 | 21 19 | 22 19
Bahamas 23 9 28 28 9
El Salvador 25 23 18 25 18
Grenada 25 19 | 23 | 25 19
Saint Lucia 25 14 | 25 | 25 14
Belize 27 | 24 | 21 27 | 21
Nicaragua 28 | 25 | 26 | 28 | 25
Honduras 29 30 24 30 24
Guyana 30 | 29 | 27 | 30 | 27
Guatamala 31 31 31 31 31
Haiti 32 | 32 | 32 | 32 | 32
Col. Sum 690 | 372

EV Rankings
M =12l = 0136 and § = 200 — 0212 _ 939, Here n = 32,m = 7, = 4, and r = 4. The
m@Er(g+1) q0420 _ 90
m2qn+2q—f12 +r(n—q) 8544112 966

2(0.093) _ 0186 _ (3 17(0. Now M=0.093 _ 0.136-0.093 _ 0.043 __ ) 447 and S=0.170 _ 0.239-0.170 _ 0.069 _ (y )33,

1+0.093 — 1.093 1-0.093 — = 0907 _ 0.907 1-0.170 — ~ 0.830 _ 0.830
For m = 7 and m = 2, the value 0.136 converts to is 0.376 and the value 0.239 converts to is 0.556.

= 0.093 and the smallest value S can be is

smallest value M can be is
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Sub-Saharan Africa
Country Rankings

We do not use WM, F, or WR in the following calculations. This is due to a lack of data.

From Table 11 and Table 12, we have n = 46, m = 8,¢q = 5, and r = 6.
M=-227_—0.157 and S = 20.157) _ 0.314 _ 0.271. The smallest value M can be is

1890.5

8(6)(5)/246(6) _ 156 _ 0.084. The smallest S can be is

16204246 1866

1+0.157 = 1.157 —

0.073 _ 0.080 and f:gllgg — 0.271-0.155 _ Oéig = 0.137.

0.916

0.845

2(0.084) _ 0.168

140.084 —

1.084

For m = 8 and m = 2, the value 0.157 converts to is 2(0.157) +
converts to is £(0.271) + £ = 2168 — (583,

EPI Rankings

Table 11: Sub-Saharan Africa-Rankings

21

= 0.155. Now M—-0.084 __ 0.157-0.084

21

6 _ 8355

21

m (Q‘;l)q +T(q+1)

— 2
m2qn+2q = 1 r(n—q)

1-0.084 — 0.916

= 0.398 and the value 0.271

Country EPI| EH | EV | V A
Seychelles 1 2 1 2 1
Gabon 2 7 2 7 2
Mauritius 3 1 325325 1
South Africa 4 3 6 6 3
Botswana 5 27 3 27 3
Namimbia 6 |165| 5 |165] 5
Burkino Faso 7.5 | 31 7 31 7
Malawi 7.5 11 10 11 7.5
Equatorial Guinea 9 8 12 12 8
Sao Tome Principe 10 5 15 15 5
Zimbabwe 11 |165] 9 |165| 9
Central African Republic | 12 | 45 4 45 4
Dem. Rep. Congo 13 18 | 11 18 11
Uganda 14 (12,5 17 17 | 12.5
Kenya 15.5 1125|185 | 18.5 | 12.5
Zambia 15.5 | 23 14 23 14
Ethiopia 17 | 14 | 185|185 | 14
Mozambique 18 6 27 | 27 6
Eswatini 195 37 | 13 | 37 | 13
Rwanda 19.5 ] 15 21 21 15
Cameroon 21 | 44 8 44 8
Cabo Verde 22 4 35 35 4
Comoros 23 10 [ 32.5(325] 10
Tanzania 24 9 36 36 9
Nigeria 25 | 43 | 16 | 43 | 16
Niger 26.5| 38 | 22 | 38 | 22
Republic of Congo 26.5| 36 | 23 | 36 | 23
Senegal 28 |24.5| 28 | 28 |24.5
Eritea 29 40 20 40 20
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Table 12: Sub-Saharan Africa-Rankings-continued

Country EPI | EHS | EVE | V A
Benin 30 26 29 30 26
Angola 31 | 24.5 31 31 24.5
Togo 32 39 26 39 26
Mali 33 32 30 33 30
Guinea-Bissau | 34 41 25 41 25
Dijibouti 35 | 28,5 | 37 37 | 28.5
Lesotho 36 46 24 46 24
Gambia 37 21 40 40 21
Maritania 38 30 38 38 30
Ghana 39 | 285 | 39 39 | 28.5
Burundi 40 20 42 42 20
Chad 41 42 34 42 34
Madagascar 42 19 45 45 19
Guinea 43 35 41 43 35
Cote d’lvoire 44 33 44 44 33
Sierra :Leone 45 34 43 45 34
Liberia 46 22 46 46 22
Col. Sum 1415 | 750.5

M = 1805 = 0530 and § = 205800 — LO06 _ (693. Here n = 46,m = 3,q = 15, and r = 1. The

1
m @4 r(q+]) 360416 _ 376
M= (n_g) | 175431 1786

2(0.211) _ 0422 _ ) 348 Now M=0211 _ 0.530-0.211 _ 0319 _ 404 apd S=0:348 _ 0.693-0.348 _ 022451; — 0.529.

140.211 = 1.211 1-0.211 0.789 —0.789 1-0.348 0.652

For m = 3 and m = 2, the value 0.530 converts to is 0.608 and the value 0.693 converts to is 0.770.

EH Rankings

M = % =0.426 and S = % = % = 0.597. The smallest value M can be is

smallest value M can be is = 0.211 and the smallest value S can be is

m (Q'gl)q +7(g+1)

2 2
m qn+2q q +r(n—q)

arn 1 1n . . 2(0.211 —
71$§501i%1 = —137266 = (.211 and the smallest value S can be is 1520 21% = ?é‘ﬁ = 0.348. Now ]‘14_00'221111 =
0.426—0.211 _ 0.215 __ S—0.348 __ 0.597—0.348 __ 0.249 __

10211 — o7se — 0-272 and §=g548 = =455 = gos2 — 0-382.

For m = 3 and m = 2, the number 0.426 converts to is 3(0.426) + + = 2330 = 0.522 and the number
0.597 converts to is 3(0.596) + 1 = 2788 = 0.622.

1
EV Rankings

M = 395 — 0221 and § = 2020 — 042 _ (362, Here n = 46,m = 5,9 = 9, and r = 1. The

m DL (g4 1) 225410 235 ;
- L = = = 7057 — 0.122 and the smallest value S can be is
m qn+2q7q T'(TL—(]) 1890+3 192

2(0.122) _ 0244 _ () 917 Now M=0.122 __ 0.221-0.122 _ 0.099 _ 111 and S=0:217 _ 0.362-0.217 _ 0.145 _ (y {g5,

smallest value M can be is

140122 — 1122 — 1-0.122 — 0888  _ 0.888 1-0.217 ___ 0.78  _ 0.783
For m = 5 and m = 2, the number 0.221 converts to is -%(0.221) + =5 = 4289 — (416 and the number

9
12 12 12
0.362 converts to is 3(0.362) + 2 = %81 = 0.601.
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5 Conclusion

We extended the fuzzy similarity measure of two rankings to any finite number of rankings. We provided a
method to convert a measure for a finite number of rankings to a number that represents the number for two
rankings. We apply our results to the sustainability ranking of countries by the Environmental Performance
Index.
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