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Abstract

In this paper, we introduce fuzzy soft attribute correlation coef-
ficient and apply it to find the correlation between vulnerability and
government response of various countries related to human trafficking
based on siz regions with the help of data from “The Global Slav-
ery Index 2016”7. Comparison of fuzzy soft attribute correlation coeffi-
cients is done with the conventional analysis of sociology by calculating
Pearson’s zero-order product-moment correlations. Along with these,
some fundamental concepts of mathematical statistics are developed
with respect to fuzzy soft set.

2010 AMS Subject Classifications : 03E72, 03E99, 62A86, 62A99,
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1. Introduction

A mathematical theory is based on various abstract thoughts. One has
full freedom to establish certain environments by neglecting many facts.
For example in physics, we often neglect the frictional effect of air on a
free falling body, but this fact is fully impossible in real life. Similarly,
other branches like medical science, economics, engineering, social sciences,
etc. are full of uncertainties. Molodtsov [12] introduced the concept of
soft set theory in the year 1999 and investigated various applications in
game theory, smoothness of functions, operation research, Perron integra-
tion, probability theory, the theory of measurement, etc.

Later Maji et al. [10] defined various operations on soft sets to study
some of the fundamental properties. Pei and Miao [14], Chen [3] pointed
out errors in some of the results of Maji et al. [10] and introduced some
new notions and properties. At present, investigations of different prop-
erties and applications of soft set theory have attracted many researchers
from various backgrounds. Since then many applications of soft set the-
ory can be found in other branches of science and social science. Fuzzy
soft set was introduced by Maji et al. [9] as a hybrid structure of soft set
with fuzzy set. Fuzzy aspects of sociological researches can be found in [8,6].

Trafficking in persons has been defined as the recruitment, transporta-
tion, transfer, harboring or receipt of persons by means of threat or use of
force or other forms of coercion, of abduction, of fraud, of deception, of the
abuse of power or of a position of vulnerability or the giving or receiving of
payments or benefits to achieve the consent of a person having control over
another person, for the purpose of exploitation [6]. It is one of the most
heinous crimes of our times.

Accurate data concerning the flow of trafficking in persons is impossible
to obtain due to the nature of the problem. The goal of the trafficker is to
be undetected and to deceive. Besides the scale of the trafficking, there are
many other reasons for the scarcity of data. Among these are the victims’s
reluctance to report crimes or testify for fear of reprisals, disincentives,
both structural and legal, for law enforcement to act against traffickers, a
lack of harmony among existing data sources, and an unwillingness of some
countries and agencies to share data. Thus, concepts from the mathemat-
ics of uncertainty provide a valuable way to study the problems of human
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trafficking.

The data on vulnerability and government response that appears in our
application is taken from [4]. ”The Global Slavery Index 2016” is an an-
nual study of worldwide slavery conditions by country published by the
Walk Free Foundation. In 2016, the study estimated a total of 45.8 mil-
lion people to be in some form of modern slavery in 167 countries. The
report includes three data points for each country, national estimates of
the prevalence of modern slavery, vulnerability measures, and assessment
of the strength of government response. The index pioneered the use of
random-sampled nationally-representative surveys to estimate prevalence.
This included commissioning seven such surveys in 2014 and a further 19
surveys through Gallop World Poll in 2015.

The goal of this paper is to develop a method to compare the relation-
ship of two fuzzy soft sets by using techniques from fuzzy soft set theory.
We do this by developing a notion of fuzzy soft attribute correlation coeffi-
cient. This correlation coefficient is constructed by using the attributes of
a fuzzy soft set and a-cuts with respect to utility. We apply our results to
determine the relationship between vulnerability and government response
averages of countries making up a particular region. The regions are de-
termined from combining certain regions defined in [15]. In [15], the size
of the flow of human trafficking between countries is given linguistically.
By using the regions in [15], this allows for the development of future re-
searches involving the concepts from both [4] and [15]. One may refer to
[1,13] for the recent research related to the mathematics of uncertainties
and human trafficking.

In Section 3, we discuss the construction of a fuzzy soft representation
with respect to attributes and level cuts along with foundational notions of
fuzzy soft statistics. In Section 4, we introduce fuzzy soft attribute corre-
lation coefficients in terms of level sets. We show that The Americas and
Europe have the highest correlation levels in this case. In Section 7, we give
the fuzzy soft attribute correlation coefficient of the complement of vulner-
ability and government response in terms of level sets. The importance of
the findings here is due to the fact that numbers in [4] representing the
vulnerability of countries are high if the vulnerability is high and the num-
bers representing a country’s government response are high if the response
is high. One would be particularly interested in knowing the relationship
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between low vulnerability ratings and high government response ratings.
We show that The Americas and Europe have the highest correlation levels
in this case also. In fact, the correlation levels for the complement of vul-
nerability and government response are higher than those for vulnerability
and government response.

2. Preliminaries

Following definitions are due to Cagman et al. [2].

Definition 2.1. [2] A soft set F'4 on the universe U is defined by the
set of ordered pairs Fu = {(x, fa(x) : © € E, fa(x) € P(U)}, where
fa: E— P(U) such that fa(x) =0if x ¢ A.

Here, f4 is called an approximate function of the soft set F4. The value
of fa(x) may be arbitrary. Some of them may be empty, some may have
nonempty intersection. We will denote the set of all soft sets over U as

S(U).

Definition 2.2. [2] Let Fy € S(U). If fa(x) =0 for all z € E, then Fj4 is
called a soft empty set, denoted by Fj.

fa(z) = 0 means there is no element in U related to the parameter
x € E. Therefore, we do not display such elements in the soft sets, as it is
meaningless to consider such parameters.

Definition 2.3. [2] Let Fiy € S(U). If fa(x) = U for all x € A, then Fy4
is called an A-universal soft set, denoted by F T

If A= F, then the A-universal soft set is denoted by F.

Definition 2.4. [2] Let Fa, Fp € S(U). Then Fy is a soft subset of Fp,
denoted by F4CFpg, if fa(z) C fp(z) for all x € E.

Definition 2.5. [2] Let Fu, Fg € S(U). Then F4 and Fp are soft equal,
denoted by Fa=Fpg, if and only if fa(z)=fp(x) for all x € E.

Definition 2.6. [2] Let Fu, Fg € S(U). Then, the soft union FAUFg, the
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soft intersection F4NFg and the soft difference FAYFB of F4 and Fg are
defined by the approximation functions

favp(@) = fa(@) U fp(z), famp(r) = fa(z) N fp(z) and f5p(2) =
fa(@)\ fB(x) respectively and the soft complement Fg of F'4 is defined by

the approximate function, f4(x) = f4(z), where f4(z) is the compliment
of the set fa(z); that is f4(z) =U \ fa(z) for all z € E.

It is easy to see that (Fg)ch = F4 and Fg = I
Example 2.1. [2] Let us consider a universe U = {a,b,c} and E =
{e1,e2,e3,e4}. Let A = {e1,e2,e3}. We define a soft set

(Fv A) = {(617 {av b})v (627 {a7 C})v (637 {a7 b7 C})}

Then, the representation of (F, A) in tabular form is shown in Table 1:

Fe1) | Flez) | F(es)
a 1 1 1
1 0 1
0 1 1
Table 1

Definition 2.7. [9] Let U be a universe and let A be a set of parameters.
The pair (F, A) is called a fuzzy soft set over U, where F': A — [0,1]Y.

[0,1]Y denotes the set of all fuzzy sets of U.

Example 2.2. [11] Suppose that a fuzzy soft set (F, E) describes attrac-
tiveness of the shirts which the authors are going to wear. U= the set of all
shirts under consideration = {x1,x2, x3, 4, z5}. Let 1Y be the collection of
all fuzzy subsets of U. Also, let E = {colour ful,bright, cheap, warm} =
{61, €9, €3, 64}.

Let F(el :{%7%7%5%7%&}3 F(€2 :{f_lvm_%a%v%’%&}a F(63):
T @2 z3 Ty TZY. _fo oz 33 x4 35
{070707.670}7 (64)—{0717070;0,3}

So, the fuzzy soft set (F, E) is a family {F(e;) : i = 1,2,3,4} of IV.
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Definition 2.8. [11] For two fuzzy soft sets (F, A) and (G, B) over a com-
mon universe U, we say that (F, A) is a fuzzy soft subset of (G, B); denoted
by (F,A)C(G, B) if (i) A C B (ii) F(e) C G(e).

Definition 2.9. [11] Union of two fuzzy soft sets (F, A) and (G, B) over a
common universe U is the fuzzy soft set (H, C') denoted by (F, A)U(G, B) =
(H,C); where

H(e)=F(e)ifeec A\ B; G(e)if e B\ A; F(e) UG(e) if e € AN B.

Definition 2.10. [11] For two fuzzy soft sets (F, A) and (G, B) over a
common universe U are said to be fuzzy soft equal if (F, A) is a fuzzy soft
subset of (G, B) and (G, B) is a fuzzy soft subset of (F, A).

Definition 2.11. [11] A fuzzy soft set (F, A) over U is said to be null fuzzy
soft set denoted by ¢, if Ve € A; F(e)= null fuzzy set of U.

Definition 2.12. [11] A fuzzy soft set (F, A) over U is said to be absolute
fuzzy soft set denoted by A, if Ve € A, F(e) = U.

Definition 2.13. [17] Restricted intersection of two fuzzy soft sets (F, A)
and (G, B) over a common universe U is the fuzzy soft set (H,C') denoted
by (F, A)N(G,B) = (H,C); where C = ANB # () and Ve € C;H(e) =
F(e) NG(e).

Proposition 2.1. [16] Every fuzzy set can be considered as soft set.

Following definition is due to Zadeh [17] whenever A, B are two fuzzy
sets.

Definition 2.14. [17] A is contained in B (or, equivalently, A is a subset
of B, or A is smaller than or equal to B) if and only if f4 < fp. In symbols
ACB<« fa< fp.
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3. Some fundamental statistical notions of fuzzy soft set with
respect to attributes, utility and a-cut

In this section, we introduce fuzzy soft mean, a-cut fuzzy soft standard
deviation, etc. with examples and proved some theorems. Throughout this
paper, we shall denote I = {1,2,3,...,n} and A is an index set.

3.1. Fuzzy soft mean, a-cut fuzzy soft standard deviation, etc.

Definition 3.1. If (F, A) be a fuzzy soft set over a universe U; where F'(e;)
is a fuzzy set for the attribute e; € A, then fuzzy soft mean of (F, A) is
denoted by Fy = {(A4, F(A))} and F(A) is defined as follows:

— 2 3 T [
F(A) = {mm{a T i ial} el },...,mm{ai},...}. Here, «j, is the

membership value of x) associated with attributes e;, where £ € A and
1el.

Here, we consider minimum in F(A) as we want to find the minimum
of degrees of membership of x; Vi € I,k € A. It is due to the fact that
min{ai} < ol V e; € A. Since, V e; € A, F(A) C F(e;) in the sense of
fuzzy set, thus we have used the notion Fy = {(A, F(A))}, rather than
writing as Fi = {(e;, F(A))|e; € A}

— . —
If 0 < a <1, then aFy is defined as aFy = (a1, a0, a3/, ..., ...),
where o’ = 1 if min{ax'} > «, otherwise 0 for i € I,k € A

Example 3.1. Let us consider a fuzzy soft set (F A)={(e1, {55 5% 051
(e2, {84, 82, 83)), (e3, {25, 83, 85}1)}. Then, Fa = {(A,{&, 8,8},

where A = {e1,e9,e3} and U = {x1,x2,x3}.

— — — —
Thus, 0.3Fx = (1,1,0), 0.4F4 = (0,1,0), 0.5F4 = (0,1,0), 0.6Fx =
(0,1,0), 0.7F, = (0,0,0) and so on.

Definition 3.2. Let us consider a fuzzy soft set (F, A) where e; € A. Then,

aF(e;) = (81,52, 83, ..., B, ...) where 8;' = 1if Fj(e;)(z;) > a, otherwise
0. Here, Fj(e;)(x;) denotes the membership value of x; in the ;% place of
F(ez)
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—_—
Example 3.2. Let us consider Example 3.1, where 0.3F(e;) = (1,1,1),

e — e —

0.6F(e1) = (1,1,0), 0.6F(e2) = (0,1,0) and so on.

Definition 3.3. Let (F, A) be a fuzzy soft set then scale of (F, A) is defined
as h = max {F(e;)(z;) 1 e; € A,xzjeUiel,je A}

Definition 3.4. Let us consider a universe U and a set of attributes
E, where A C E with | A | = n. If (F,A) be a fuzzy soft set over U,

—

then a-cut fuzzy soft standard deviation of (F, A) is denoted by o(a(F, A))

s = —

and it is defined by \/%E;H aF(e;) — aFa ||?, where || aF(e;) — OZFZ =

_— =

<aFTei)> - af*TA), aF(e;)) — aFy).

Example 3.3. Let (F’ A) i{(elﬂ{%a%a %})7(627 ﬁa%aol% )7
(e3,{5% 5%, 55 1)} Then, Fa = {(A, {55, 6%, 55 1)}, where A = {e1, e2, €3}
and U = {x1,z2, 3}

— —_— R a—
Now, 0.3F4 = (1,1,0), 0.3F(e1) = (1,1,1), 0.3F(es) = (1,1,1), and
= P —

0.3F(e3) = (1,1,0). Then, o(0.3(F, A)) = /2.

3.2. Concept of utility wise representation of fuzzy soft set

Consider a fuzzy soft set (F,A) over a universe U and R is the set of
real numbers. We define an a-cut level utility function p, : U — R as
T =y <= pa(x) > pa(y) for z,y € U and so on with fundamental notions
of utility representations of utility theory. Here, the notion x > y indicates
that x is strictly preferred and indifferent to y. Readers can find these
notions in literature of utility theory and microeconomics.

Without any presumption of fuzzy a-cut, it must be mentioned that
here we indicate a-cut, which is based on utility. Thus, it is easy to find
that our a-cut doesn’t generate a set with elements from zj’s as usually we
do in fuzzy a-cut. Readers should not be confused with this notion.

If Fj(e;j)(xzj) > afor z; € U and e; € A, then utility wise representation
of zj in F(e;) is shown in Table 2.
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Fei) | F(ei)
> ulzg) | Lp(y)

Table 2

If Fj(e;)(z;) < o, then we assume p(z;) = 0 for the particular case
beyond any presumption of p(z;). Here, z§ denotes x; € U with a-cut
level utility.

Example 3.4. Let us consider Example 3.3. We define a 0.3-cut level util-
ity function pos3: U — R as pos(z1) =5, pos(re) = —2 and pos(zs) = 3.
Thus, utility wise representation of (F, A) at 0.3-cut level utility is shown
in Table 3.

F(e1) | F(e2) | F(e2)
2931 5 5 5
x93 -2 -2 -2
793 3 3 0
Table 3

Then, we call (5,—2,3) as the origin of (F, A) at 0.3-cut level utility
and this concept can be extended for any fuzzy soft set.

It is important to note that the origin of a fuzzy soft set is not fixed
as the concept of classical mathematics or statistics. It is based on one’s
choice and a-cut level of utility.

3.3. Generating process of a new fuzzy soft set from the old one
with respect to a-cut and utility

(i) a-cut generated fuzzy soft set

Consider a fuzzy soft set (F, A) whose a-cut level representation is de-

—_—
noted by a(F, A) over a universe U with elements z;,7 € A ande; € A, j €
I.

Then, we can generate a new fuzzy soft set (Gp, A), with a-cut level

—_— —
of representation a(Gp, A) if (aq, @, ..., a;,...)+a(F, A) exists, where
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(a1, a2, ..., a4, ...) #(0,0,0,...,0,...), &; € Rand i € A.

Now, we discuss the generating process. We define an a-cut level utility
function 1o : U — R such that if o; + Fi(ej) > pa(xi), i € A,j € I; then
z; € G;(ej) with the membership value minimum of { membership value of
z; in F(e;), a}, otherwise, z; ¢ Gj(e;).

—_—
Here, (a1, g, ..., a4, ..)+a(F, A) ={(aq, a9, ..., a, ...)

e — R e —

+aF(e1), (a1, g, ..., a4, ..) + aF(€2),....(a1, ag, ..., a4, ...) + aF(e,) }, where
1€ Ajel.

. . —V
The new fuzzy soft set (Gp, A), with representation a(Gp, A)
—_—
= (1,02, ..., i, ... )+a(F, A) is called an a-cut generated fuzzy soft set of

(F, A). The fuzzy soft mean of (G, A), is denoted by G4 with a-cut level

. Ed
of representation aG 4.
(ii) a-cut generated fuzzy soft set with scale

Let the scale of a fuzzy soft set (F, A) be h. Then, similarly as discussed
above we can generate a new a-cut generated fuzzy soft set (G, A)Z with

- —5
representation «(Gp, A)p = a(G;fyA :

The fuzzy soft mean of (G F,A)h is denoted by Gf\A/h with a-cut level

[0}

—
representation of fuzzy soft mean of (G, A)! as aG".

Example 3.5. Let us consider a fuzzy soft set (F, A)
= {let {g% 5% o2 1) (e2, {g%, 5% 55 1)} We define a 0.3-cut level of util-

04208705
ity function o3 : U — R as pgs(z1) =5, pos(zre) = —2 and pos(zs) = 3.

—

Let (a1, a2, a3) = (1,4,5), then (1,4,5) + 0.3(F, A)
= {(1,4,5) + (1,1,1), (1,4,5) + (1,0,0)} = {(2,5,6), (2,4,5)}.

5

Thena we have (GF7A)O.3 = {(617{%7 %7 OL%})? (€2a {%7 %7

511

Theorem 3.1. Let (F, A) be a fuzzy soft set over U and (Gr, A), be an
—_—

—_—
a-cut generated fuzzy soft set of (F, A), then o(a(F, A)) = o(a(Gp, A))

=]
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Proof: Let (a1, a0, s, ...,q;,...) # (0,0,0,...,0,...), where o; € R, i € A.

We define an a-cut level utility function p, : U — R as pq(x;) = i
such that z; € Gj(e;) if oy + Fi(e;) > Bi, where ¢ € A,j € I. Here,
z; € Gj(e;) indicates that x; is in i*" place of G(ej) with membership value.

H . .

Then, aG 4= (min{a1+aFi(e1), cr+akFi(e2),...,a1+aFi(e,)}, min{as+
aFs(er), agtaFy(es),...,aotaFs(en)}, ..., min{a;+aF;(er), aj+aFi(es), ...,
ai+aF(en)},...), where aFj(e,) indicates the i"-coordinate of a.F (e, ) with
respect to z;.

= (041+05F1(€j1),042+(34F2(€j2), 043+(34F3(€j3), ey ozﬁ—ozFi(eji), ) (say),
where each j; € I.

.
Now, aG(ej)—aGa = (aq+aFi(e)), cot+aFi(ej), ..., ai+aF(ej),...)— (o1 +
aFi(ej,), 0 + aFs(ej,), a3 + aFz(e),), ..., o5 + aFj(e;,), ...).

B (ozFl(ej) - ozFl(ejl), Ong(ej) — aF2(€j2), veey Oze‘(ej) — OCFz'(eji)> )

e —
= aF(ej) — aFy

[N —
Now, || aG(ej) — aGy ||? = (aG(e;) — aG a,aG(ej) — aG 4).

= (aF(ej) — aFx,aF(e;) — aFy)

L
= || aF(ej) — aFa |]?

_ s —

Thus, o(a(F, A)) = o(a(Gr, A))

Corollary 3.1. Let (F,A) be a fuzzy soft set over U and (Gp,A)a,
(Hp, A), are two distinct a-cut generated fuzzy soft sets of (F, A), then

_ s —_— —

o(a(F,A)) =o(a(Gp,A)) = o(a(Hp, A)).

Thus, it can be said that a-cut fuzzy soft standard deviation of an a-cut
generated fuzzy soft of any fuzzy soft set is independent of the choice of
(a1, g, ..., @, ...) and utility.
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Example 3.6. Let us consider Example 3.5.

— —_— =
Here, 0.3F4 = (1,0,0), 0.3F(e1) = (1,1,1), 0.3F(ez) = (1,0,0), then
—_—

7(0.3(F, A)) = 1.

e _—

Again, O.3GTA) = (0,0,0), 0.3G(e1) = (0,1,1), 0.3F(e2) = (0,0,0), then
—_—
0(0.3(Gp, A)) = 1.
The proof of the following theorem can be obtained by following the

steps of Theorem 3.1 and using the concept of section “a-cut generated
fuzzy soft set with scale”.

Theorem 3.2. Let (F, A) be a fuzzy soft set over U and (G, A)" be an
—_— —_—
a-cut generated fuzzy soft set of (F, A), then o(a(Gp, A)p) = o (a(F, A)).

3.4. Fuzzy soft coefficient of variation

Definition 3.5. Let us consider a fuzzy soft set (F, A) whose a-cut level

P —
representation is denoted by «(F, A) over a universe U. Then, a-cut level

fuzzy soft coefficient of variation is denoted by aF'SCV (F, A) and it is de-
fined as aFSCV (F, A) = {Z@EA)y o 100,
[loFa |2

—_—
Theorem 3.3. Let (F, A) be a fuzzy soft set over U, then a FSCV (Gp, A)
=( G} % 100, where 6 = || 8 |[2 +2{8,0Fa)+ || aF4 [P and § =
(al,ag,ag, ceey Oy )

—

———
Proof. From the definition, we know that a(Gp, A) = 8+ «(F, A), where
B = (a1,q2,as,...,q,....). Thus, it is easy to find that ozGTA) =0+ od?'z.

Thus, || aGa |[>=]| B ||2 +2(8,aFa)+ || aFa || ( = 6, say); since in
— —
our case (8, aF4) = (aFy, ).

—_—

Again from Theorem 3.1., we have o(a(F, A)) = o(a(GF, A)). Hence,
Definition 3.5. yields the result.
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—_—

Theorem 3.4. Let (F, A) be a fuzzy soft set over U, then « FSCV (G, A),
—_
= h x aFSCV (G, A).

Example 3.7. Let us consider a fuzzy soft set
(F7A):{(€17 (?1878627780% ) (627 x_% 0_27 g_g )}

We define a 0.3-cut level utility function pp3: U — R as po3(z1) = 5,
po3(z2) = —2 and po3(z3) = 3.

Let (a1, a2, a3) = (1,4,5), then (1,4,5)4+0.3(F, A) = {(2,5,6), (2,5,5) }.
Then 0.3(G, A) = {(2,5,6), (2,5,5)}. So, 0.3G4 = (2,5,5). Here, h= 0.8

1
0(0.3(Gr,A)) = Vo
—_—
Again, 0. 3G08 = (&5, 55> o5) and hence, 0(0.3(Gp, A)os) = 55 ¥ \/5

—_— —_—
Thus, calculating we have 0.3F SCV (Gp, A)gs = 0.8x0.3FSCV (G, A).

Remark 3.1. Scaling on an a-cut generated fuzzy soft set may not gener-
ate distinct a-cut generated fuzzy soft set.

The above remark can be verified from the following example.
Example 3.8. Let us consider Example 3.5., where,

(F, A) ={(e1. {55 5% 5% ) (e2:{5% 0%, 55 D) -
Then, we have (Gr, A)o.s = {(e1, {F %7%}),(627{%7%7

3

51

o

Now, W {(2.5,6.25,7.5), (2.5,6.25,6.25) .

Then, for (2.5, 6.25, 7.5), membership value of x; = 0, membership
value of x9 = 0.3, membership value of z3 = 0.3.

Again, for (2.5, 6.25, 6.25), membership value of x; = 0, membership
value of zo = 0.2, membership value of x3 = 0.2.

ok

Thus, (Gr, A)G3 = {(e1, {T 6% 63}), (e2. {F §3: 53})-

=1
=1

This example shows that utility matters more than scaling to generate
fuzzy soft set with a-cut .
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3.5. Fuzzy soft covariance with a-cut

Definition 3.6.

(i) Let us consider a universe U with the set of attributes E. Let (F,A)
and (G, B) be two fuzzy soft sets, where A, BC E,| A|=n>| B|=m.
We extend B to C = B U {fm+1, fm+2, .-y fn} such that G;(fx)(z;) = 0
Vk € {m + 1,m + 2,...,n}. Then, a-cut level fuzzy soft covariance of

—_—
(F,A) and (G, B) is denoted by aF'SCov((F,A), (G, B)|aj>|p|) and it is

1 2 2
defined as aF'SCov((F, A), (G, B)jaj>(B|) = 5% I A1 [P + ] A2 [|* +..+ ||
Ay, 117}, where A; = (min{aFi(e;), aGi(fj)}, min{aFy(e;), aGa(fj)}, ..,
min{aF;(e;), aGi(f;)},...),and ej € A, f € C,ie A,jel.
The attributes fri1, fmt2, -, fn with Gi(fx)(z;) = 0VEk € {m +1,m +
2,..,n},i € A are called fuzzy soft statistical dummy attributes for B rela-
tive to A.
(ii) Let us consider a universe U with the set of attributes E. Let (F,A)
and (G, B) be two fuzzy soft sets, where A,B C E,| A|=n=| B |.
Then, a-cut level fuzzy soft covariance of (F,A) and (G, B) is denoted by
alF'SCov((F, A), (G, B)|a|=p|) and it is defined as

3 5 1 2 2 2

aFSCou((F, A), (G, B)jai=p) = 5 {ll A |7 + [ A2 [+ [ An [[7},
where
A; = (min{aFi(ej), aG1(f;)}, min{aFa(ej), aGa(fj)}, ..
min{aF;(e;),aGi(f;)},...),and e; € A, fj € B,i € A,j e 1.
The above definition can be redefined if A = B. In this case
e; = fj Vi el

Definition 3.7. (i) Let us consider a universe U with the set of at-
tributes E. Let (F,A) and (G, B) be two fuzzy soft sets, where A, B C
E/|A|=n>| B|=m. Weextend B to C = BU {fm+1, fm+2 s fn}
such that G;(fx)(z;) = 0 Vk € {m + 1,m + 2,...,n}. Then, (F,A) and
(G, B) are said to be e,-approzimation independent fuzzy soft sets if A; =
(min{aFi(e;), aG1(f;)}, min{aFs(e;), aGa(fj)}, .-,
min{aFi(e;),aGi(fj)},...) = 0, where 0 = (0,0,...,0,...), ¢; € A and
fjeCieAVjel.

(ii) Let us consider a universe U with the set of attributes E. Let (F,A)
and (G, B) be two fuzzy soft sets, where A, B C E,| A| =n =| B |. Then,
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(F,A) and (G, B) are said to be ey-approzimation independent fuzzy soft
sets if Aj = (min{aFi(e;), aG1(fj)}, min{aFy(e;), aGa(f;)}, -,
min{aF;(e;), aGi(f;)},...) = 0, where 0 = (0,0,...,0,...), ¢ € A and
fieBicAVjel.

Theorem 3.5. (i) Let us consider a universe U with the set of attributes
E. Let (F,A) and (G, B) be two fuzzy soft sets, where A, B C E,| A |

=n >| B|=m. Then, aF'SCov((F, A), (G, B)ja>B) = 0 < (F,A) and
(G, B) are e,-approximation independent fuzzy soft sets.

(ii) Let us consider a universe U with the set of attributes E. Let (F,A)
and (G, B) be two fuzzy soft sets, where A,B C E,| A | =n =| B |.

-

Then, aFSCov((F,A),(G,B)ja=p) = 0 & (F,A) and (G, B) are e,-
approximation independent fuzzy soft sets.

—_— s —

Proof: (i) aF'SCov((F,A), (G, B)aj>B) =0

& LA+ | A |2+t | An [P} = 0

sllaP=0vjer

sllajll=0vel

& A =(0,0,..,0,..)Vj eI

< (F,A) and (G, B) are e -approximation independent fuzzy soft sets.

(ii) Proof can be done following the above steps.

4. Fuzzy soft attribute correlation coefficient and a-cut

In Definition 3.2, we defined aF'(e;). Now, we consider the following exam-

ple.

Example 4.1. Let U = {x1, x9, 23, x4, x5} be a universe and E = {ej, e, €3, €4}
be a set of attributes. We consider A = {e1, e2,e3} and define a fuzzy soft
set as

e —

(F7A) — {(61,{%7%7% %;%})7(627{%7%7%371_% %i}):
(e3,{&%, %2, & &4 a1y} then 0.1F (e1) = (1,0,1,1,0),0
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Definition 4.1. Let (F, A) be a fuzzy soft set with at least two attributes
—
e1 and ey, then fuzzy soft attribute correlation coefficient of aF'(e;) and

—
aF(ez) at a-cut level is defined as follows:

s — ZA7
FSACC(aF(e1),aF(e3)) = ——————; where

" JlaF(en)|l laF (e

—_—

As= min {aFi(er), aR(e)}, 0FE) ) = | (ol aF(er)) =

V= (@Fi(e)?, [laF(en)]] # 0 and [laF (e)]| # 0.

ey R— R _ —

If [|aF(e1)|| = 0 or ||aF(e2)|| = 0, then FSACC(aF(e1),aF(e2)) is
not possible. In this case, we shall use notation “oco” without considering
any matter of A;.

Example 4.2. Let us consider a universe U = {x1, 2, x3, x4} and a set of
attributes E = {e1,e2,e3,e4}. Let A = {e1,ea,e3}. We define a fuzzy soft
set (F, A) ={(e1,{gF, 0% 0% 5 1) (2 {55 G 050 05))»

0.1°0.7° 0.2 02°°0°04°05
—
(e3, {8 53 0%, 51} Consider a = 0.1, then 0.1F(e1) = (1,1,1,0) and

—_—

0.1F(e2) = (1,0,1,1). Then A; = min {1,1} =1, Ay = min {1,0} = 0,
Az =min {1,1} =1 and A4y = min {0,1} = 0. Then,

_

FSACC(0.1F(e1),0.1F (e3)) = 0.67.

Theorem 4.1. If (F, A) be any fuzzy soft set with at least two attributes
_—

e1 and eg over a universe U, then 0 < FSACC(aF(e1),aF(e2)) < 1.

Proof. We know,
ZAZ-: ZEZI min {aF;(e1),aF;(e2)} < ZEZI (aF;(e1).aF;(e2))

i€l

<[ S (@Fi(en)2 | 2 (aFi(ea))? = laF (e flaFTea)ll

ZAi _ —
So, ——&L—— < 1, which implies FSACC(aF(e1),aF (e2)) < 1.
[[aF (e1)]].llaF (e2)]]

Also, 2 A; > 0 and [[aF (e1)||[|aF (e2)[| > 0 which implies
' e m—

0 < FSACC(aF(e1), aF (e3)).
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—_—

—_
Hence, 0 < FSACC(aF(e1),aF(e3)) < 1.

Theorem 4.2. Let (F, A) be a fuzzy soft set with at least two attributes
—_— _—

e1 and ey, then FSACC(aF(e1),aF(e2)) = FSACC(aF (e3),aF'(e1)).
Proof. Proof can be obtained from Definition 4.1.

Theorem 4.3. If F(e1),G(e1) and H(e1) are fuzzy sets of fuzzy soft sets
(F,A),(G,A) and (H, A) respectively over U such that F(e;) C G(e1) C
H(ep) and e; € A, then;

_ _

(i) FSACC(aF(e1), aH(e1)) < FSACC(aF(er), aGler))

_ —_—

(i) FSACC(aF(e1),aH(e1)) < FSACC(aG(e1),aH (e1))

_ — _

(iii) FSACC(aF(er),aGler)) < FSACC(aH (1), aGler)) if
([laF(er)||llaH (e1)]] = [laG(er)|?) <0

Proof. (i) Since F'(e1) C G(e1) C H(ey), so

Fée(ﬁ()@) < Gj(e1)(zj) < Hj(er)(z;). Thus, Aj=min{aFi(e1), aH;(e1)} =
ar;ley

and Al=min{aF;(e1),aGi(e1)} = aFj(e1). Thus, A; = Al

_ e T
Now, FSACC(aF(e1),aH(e1)) — FSACC(aF (e1),aG(e1))
ZAi ZA;
— icl _ icl
llaE (e))|l-[laH (e)]|  [laF (en)]|-[|aG(e1)]]
N e S SR U S (3.1)
llaF(e)ll ~lleH ()]l llaG(en)ll

Since, G(e1) € H(e1) and G(ey1), H(ey) are fuzzy sets, so aG;(e;) <
aH(er) = 2{aGi(e1)}? < L {aH;(e1)}?

1 1
=|laG(ed)|] < llaH (er)]|= { - }<0.. (32)
llaH )l llaGer]

So, (3.1) and (3.2.) implies
_ —

FSACC(aF(e)), aH(e1)) < FSACC(aF(e1), aGl(er)).



654 S. Acharjee, D.J. Sarma, R.A. Hanneman, J.N. Mordeson and D.S. Malik

(11) Since F(e;) C G(e1) € H(ey), s
Fyen)(ay) < Gyen)(es) < Hyler)(@y). Thus, A= min{aFi(er). affs(er)} -
aFZ(el) and A mln{aG (el) aH; (el)} = aG;(ey).

Now, FSACC(aF(e1),aH(e1)) — FSACC(aG(e1),aH (e1))
PIYN PIYN

_ iel _ iel .
lloF (e)llllaH(e1)l]  [laG(er)l]-laH (e1)l]

LAiaREe)P 2 {aGie)P

1

llaH(en)l| ~ llaF(en)l| llaG(e1)]|
— 1 glleF(e)]? _ lleGle]?
llaH(e)ll  llaF(en)l]  [laGled)l|
1

—_ _—
= AllaF (el -[laGled)][} <0
el
_ e
Hence, FSACC(aF(e1),aH(e1)) < FSACC(aG(e1),aH (e1)).
(iii) Proof can be done by following the above steps.

Now, we state the following theorem without proof.

_ —
Theorem 4.4. FSACC(aF(e1),aF(e2)) =1 < aF(e1) = aF(ez)

5. Application to human trafficking

In this section, we do analysis of fuzzy soft attribute correlation coeffi-
cient (F'SACC) between mean of vulnerability and mean of government re-
sponses of the following regions: Asia Pacific, Europe, Russia and Eurasia,
Sub-Saharan Africa, The Middle East and North Africa, and The Americas.
For the purpose of region-wise data related to vulnerability and government
responses, we consider region-wise data of ” The Global Slavery Index 2016”

[4].

According to “The Global Slavery index 2016”7 [4], twenty four vulner-
ability variables are clustered in following four dimensions.
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Dimension 1: Civil and political protections: Confidence in judicial
system, political stability, weapons access, discrimination (sexuality), dis-
placed persons, global slavery index government response values, political
rights measure.

Dimension 2: Social, health and economic rights: Financial inclu-
sion (borrowed any money), financial inclusion (received wages), cell phone
subscription, safety net, undernourishment, tuberculosis, water improved
access.

Dimension 3: Personal security: Financial inclusion (availability of
emergency funds), violent crime, women’s physical security, GINI coeffi-
cient, discrimination ( intellectual disability), discrimination (immigrants),

discrimination( minorities).

Dimension 4: Refugee populations and conflict: Impact of terror-
ism, internal conflict, refugees resident.

Now, we denote two sets of parameters P and () related to vulnerability
and government responses respectively.

Let P = {e1,e2,e3,e4}, Q = {f1, f2, f3, fa, f5}

We consider the following notions for the attributes of vulnerability and
government responses.

e1 = Ciwil and political protection;

ey = Social, health, and economic rights;
es = Personal security;

es = Refugees and conflict,

f1 = Survivors supported,

fo = Criminal justice;

f3 = Coordination and accountability;
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fa = Addressing risk;
f5 = Government and business.

Let A = {91,992, 93}, where g1 = mean of vulnerability, go = mean of
government responses and g3 = 100 - mean of vulnerability.

Throughout this article, FSACC,(Asia Pacific) means
—_—

FSACC(aF(g1),aF(g2)) for Asia Pacific and so on for other five regions.
Similarly, we shall denote F.SACCY (Asia Pacific) means

_ —

FSACC(aF(g2),aF(g3)) for Asia Pacific and so on for other five regions.

Let X be the set of 167 countries, which are considered in “The Global
Slavery Index 2016” [4] and U;, ¢ € {1,2,3,4,5,6} be the regions Asia Pa-
cific, Russia and Eurasia, The Middle East and North Africa, The Amer-
icas, Europe, and Sub-Saharan Africa respectively. We define fuzzy soft
sets Fy, : A — [0,1)Yi Vi € {1,2,3,4,5,6} with the following membership
values.

fuzzy membership («) conditions

0 if mean value of z;; <0
0.1 if 0 < mean value of z;; < 10
0.2 if 10 < mean value of x;; < 20
0.3 if 20 < mean value of x;; < 30
0.4 if 30 < mean value of x;; < 40
0.5 if 40 < mean value of z;; < 50
0.6 it 50 < mean value of x;; < 60
0.7 if 60 < mean value of z;; < 70
0.8 it 70 < mean value of x;; < 80
0.9 if 80 < mean value of z;; < 90

1 if 90 < mean value of x;; < 100

Table 4

Here, x;; indicates the country which is in the ith place with alpha-
betic order in the region U; of ”The Global Slavery Index 2016” [4], for
je€{1,2,3,4,5,6}.
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(i) Asia Pacific
We shall use following abbreviations:
HSC = Hong Kong, SAR China
PNG = Papua New Guinea

According to “The Global Slavery Index 2016”([4], p. 55); govern-
ment responses of Afghanistan were unknown for fi, fs, f3, f4 and f5, hence
we shall consider 0 for Afghanistan. It is because of either government
of Afghanistan was unable to take action against human trafficking in
Afghanistan or government was not interested to take part in worldwide re-
search survey related to human trafficking. Moreover, many internal causes
may be present including terrorism threat, etc.

Similar representations will be considered for similar cases.
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Name e €9 es €4 Mean | FMV fi I fa fa fs Mean | FMV
Afghanistan™ | 83.00 | 47.39 | 53.31 | 84.55 | 67.06 | 0.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Australia 15.14 | 19.85 | 1745 | 35.49 | 21.98 | 0.30 | 64.44 | 81.85 | 56.25 | 69.05 | 25.00 | 59.32 | 0.60
Bangladesh | 46.78 | 46.04 | 33.63 | 50.02 | 44.12 | 0.50 | 39.44 | 60.37 | 68.75 | 59.52 | 0.00 | 45.62 | 0.50
Brunei 60.78 | 30.99 | 99.99 | 63.93 | 63.92 | 0.70 7.41 35.74 | 1250 | 3095 | 0.00 | 17.32 | 0.20
Cambodia | 53.68 | 42.96 | 57.40 | 12.00 | 41.51 | 0.50 | 25.19 | 33.33 | 37.50 | 64.29 | 0.00 | 32.06 | 0.40
China 55.12 | 26.90 | 43.84 | 52.78 | 44.66 | 0.50 | 35.56 | 23.70 | 31.25 | 52.38 | 0.00 | 2858 | 0.30
HSC 4228 | 17.55 | 21.44 | 35.65 | 29.23 | 0.30 5.93 5.19 0.00 | 30.95 | 0.00 8.41 0.10
India 37.07 | 36.68 | 43.88 | 87.78 | 51.35 | 0.60 | 44.07 | 45.00 | 43.75 | 45.24 | 0.00 | 35.61 | 0.40
Indonesia 39.15 | 43.35 | 50.38 | 36.01 | 42.22 | 0.50 | 37.59 | 40.56 | 50.00 | 54.76 | 0.00 | 36.58 | 0.40
Japan 25.23 | 19.09 | 22.16 | 19.13 | 21.40 | 0.30 | 42,59 | 1944 | 18.75 | 45.24 | 0.00 | 25.20 | 0.30
Laos 56.64 | 34.01 | 53.98 | 1.19 | 36.45 | 0.40 | 28.70 | 26.48 | 31.25 | 50.00 | 0.00 | 27.29 | 0.30
Malaysia 34.90 | 32.43 | 46.39 | 40.33 | 3851 | 0.40 | 36.48 | 51.48 | 31.25 | 35.71 | 0.00 | 30.98 | 0.40
Mongolia 39.22 | 36.74 | 40.87 | 3.54 | 30.09 | 0.40 | 27.78 | 31.67 | 31.25 | 47.62 | 0.00 | 27.66 | 0.30
Myanmar 57.81 | 50.11 | 50.53 | 66.99 | 56.36 | 0.60 | 41.11 3.89 50.00 | 50.00 | 0.00 | 30.00 | 0.30
Nepal 4230 | 43.22 | 34.74 | 41.21 | 40.37 | 0.50 | 42.78 | 38.15 | 75.00 | 61.90 | 0.00 | 43.57 | 0.50
New Zealand | 13.31 | 22.24 | 16.09 | 21.51 | 1829 | 0.20 | 53.70 | 47.96 | 43.75 | 88.10 | 0.00 | 46.70 | 0.50
North Korea | 71.20 | 48.27 | 62.88 | 1.00 | 45.84 | 0.50 0.00 | —13.89 | 0.00 | =7.14 | 0.00 | —4.21 | 0.00
Pakistan 58.40 | 41.98 | 52.70 | 96.79 | 62.47 | 0.70 | 28.52 | 37.04 | 25.00 | 76.19 | 0.00 | 33.35 | 0.40
PNG 50.12 | 62.85 | 99.99 | 23.10 | 59.01 | 0.60 6.48 23.70 | 25.00 | 14.29 | 0.00 | 13.89 | 0.20
Philippines | 44.76 | 39.62 | 52.34 | 53.95 | 47.67 | 0.50 | 46.48 | 62.78 | 50.00 | 78.57 | 0.00 | 47.57 | 0.50
Singapore 29.85 | 22.11 | 2058 | 1.00 | 1838 | 0.20 | 36.11 | 2241 0.00 | 42.86 | 0.00 | 20.28 | 0.30
South Korea | 38.20 | 34.64 | 28.98 | 17.32 | 20.79 | 0.30 | 35.93 | 31.85 | 12,50 | 33.33 | 0.00 | 22.72 | 0.30
Sri Lanka 47.01 | 35.12 | 31.82 | 31.08 | 36.26 | 0.40 | 25.93 | 38.52 | 37.50 | 83.33 | 0.00 | 37.06 | 0.40
Taiwan 3491 | 33.38 | 22,34 | 1.76 | 23.10 | 0.30 | 50.56 | 23.62 | 43.75 | 42.86 | 0.00 | 32.16 | 0.40
Thailand 49.23 | 28.62 | 48.97 | 63.33 | 47.54 | 0.50 | 35.19 | 35.93 | 56.25 | 61.90 | 0.00 | 37.85 | 0.40
Timor-Leste | 38.88 | 48.07 | 68.55 | 1.00 | 39.13 | 0.40 | 25.93 | 25.93 0.00 | 40.48 | 0.00 | 18.47 | 0.20
Vietnam 51.19 | 29.94 | 3522 | 1.00 | 2934 | 0.30 | 45.19 | 34.07 | 62.50 | 66.67 | 0.00 | 41.69 | 0.50
Table 5
« 0.1 0.2 0.3 0.4 0.5 0607108091
FSACC(Asia) | 0.9623 | 0.9428 | 0.8292 | 0.6131 | 0.3273 | 0 o0 | 00 | oo | 0

Table 6
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(ii) Russia and Eurasia

Name €1 €2 €z €4 Mean | FMV h fo Ia 1 Fs Mean | FMV
Armenia 5366 | 27.35 | 4263 | 2400 | 3714 | 040 | 4833 | 49.81 | 56.25 | 50.00 | 0.00 | 40.858 | 0.50
Azerbaijan G590 | 2823 | 2817 | 23.05 | 37.09 | 040 | 2833 | 60.37 | 1875 | 57.14 | 0.00 | 32.92 | 040
Belarus 3841 | 2045 | 35588 | 23.80 | 3464 | 040 | 3537 | 26.11 | 43.75 | 52.38 | 0.00 | 31.52 | 0.40
Ceorgia 3100 | 2843 | 3595 | 2442 | 3495 | 040 | 6759 | 38.70 | 56.25 | 59.52 | 0.00 | 4841 | 0.50
Kazakhstan | 39.05 | 22.08 | 2819 | 2212 | 3286 | 040 | 3833 | 4407 | 1875 | 35.71 | 0.00 | 27.37 | 0.30

Kyrgyzstan | 54.16 | 28.33 | 36.37 | 21.88 | 35.18 | 040 | 27.96 | 35.74 | 37.50 | 50.00 | 0.00 | 30.24 | 0.40
Moldova 4752 [ 28.20 | 38.04 | 14.41 | 32.04 | 0.40 | 55.56 | 37.59 | 50.00 | 64.29 | 0.00 | 45.49 | 0.50
Russia a7.21 | 18.47 | 40.66 | 57.47 | 43.45 | 050 | 21.48 | 28.33 | 12.50 | 61.90 | 0.00 | 24.54 | 0.30
Tajikistan 62.85 | 37.62 | 41.65 | 27.53 | 4242 | 0.50 | 41.99 | 34.44 | 25.00 | 54.76 | 0.00 | 31.24 | 0.40
Turkmenistan | 68.14 | 28,65 | 4334 | 9.22 | 37.34 | 0.40 | 14.81 | 35.74 | 12.50 | 54.76 | 0.00 | 23.56 | 0.30
Ukraine 61.97 |1 21.39 | 35.80 | 43.41 | 40.64 | 0.50 | 62.04 | 47.75 | 12.50 | 61.90 | 0.00 | 36.84 | 0.40
Uzbekistan 7462 | 28,35 | 32,09 ) 12.14 | 36.80 | 040 | 2426 | 23.70 | 18.75 | 52.38 | 0.00 | 23.82 | 0.30

Table 7

o 0.1]0.210.3 0.4 051060708091

FSACC(Russia and Eurasia) | 1 1 {1 [08165| 0 | oo |00 |00 |00 |00

Table 8
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(iii) The Middle East and North Africa

Throughout this paper, we shall use “MENA” as an abbreviation to
“The Middle East and North Africa”

Name e1 €o €4 Mean | FMV h fo f3 f1 fs Mean | FMV
Algeria 51.03 | 28.10 | 47.02 | 51.46 | 44.40 | 0.50 | 28.52 | 24.07 | 25.00 | 42.86 | 0.00 | 24.09 | 0.30
Bahrain 54.41 | 33.14 | 41.45 | 31.26 | 40.06 | 0.50 | 36.67 | 36.67 | 25.00 | 35.71 | 0.00 | 26.81 | 0.30
Egypt 51.25 | 27.90 | 62.96 | 54.85 | 49.24 | 0.50 | 35.74 | 32.04 | 50.00 | 52.38 | 0.00 | 34.03 | 0.40

Iran 70.71 | 32.99 | 48.60 | 51.44 | 50.93 | 0.60 0.00 741 0.00 | 16.67 | 0.00 | 4.82 0.10

Iraq* 71.22 | 4491 | 58.04 | 81.13 | 63.82 | 0.70 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00

Israel 33.66 | 23.67 | 38.28 | 51.85 | 36.87 | 0.40 | 49.81 | 47.96 | 50.00 | 61.90 | 0.00 | 41.93 | 0.50
Jordan 48.39 | 27.97 | 54.16 | 37.73 | 42.06 | 0.50 | 45.00 | 42.22 | 56.25 | 42.86 | 0.00 | 37.27 | 0.40
Kuwait 59.29 | 27.97 | 41.30 | 15.89 | 36.11 | 0.40 | 14.81 | 33.33 | 25.00 | 45.24 | 0.00 | 23.68 | 0.30
Lebanon 55.39 | 29.32 | 50.98 | 58.00 | 48.42 | 0.50 | 37.59 | 32.04 | 37.50 | 42.86 | 0.00 | 30.00 | 0.30
Libya* TT.85 | 22.99 | 81.44 | 53.21 | 58.87 | 0.60 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00
Morocco 55.83 | 18.58 | 56.08 | 22.18 | 38.17 | 0.40 6.48 | 24.63 | 18.75 | 52.38 | 0.00 | 20.45 | 0.30
Oman 57.65 | 21.03 | 62.88 | 12.60 | 38.54 | 0.40 | 36.11 | 29.26 | 12,50 | 47.62 | 0.00 | 25.10 | 0.30

Qatar 48.79 | 15.26 | 50.50 | 12.30 | 31.71 | 0.40 | 52.41 | 44.26 | 25.00 | 35.71 | 0.00 | 31.48 | 0.40

Saudi Arabia | 64.94 | 30.92 | 37.20 | 28.84 | 4048 | 0.50 | 28.70 | 34.44 | 25.00 | 38.10 | 0.00 | 25.25 | 0.30

Syria*® 95.67 | 35.93 | 60.97 | 72.98 | 66.39 | 0.70 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00
Tunisia 40.01 | 25.97 | 42.84 | 28.91 | 34.43 | 040 | 36.11 | 22.22 | 18.75 | 61.90 | 0.00 | 27.80 | 0.30

UAE 41.71 | 22.64 | 30.75 | 18.36 | 28.36 | 0.30 | 63.89 | 36.67 | 56.25 | 57.14 | 0.00 | 42.79 | 0.50
Yemen* 75.01 | 51.30 | 54.67 | 62.28 | 60.82 | 0.70 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00

Table 9
« 0.1 0.2 0.3 0.4 0510607081091
FSACC(MENA) | 0.8819 | 0.8498 | 0.8498 | 0.4339 | 0 o0 | 0o | 0o | o0 | oo

Table 10
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(iv) The Americas
We shall use following abbreviations:
DR = Dominican Republic

TT = Trinidad and Tobago

Name £1 €3 €3 €4 Mean | FMV fi i fz fa Is Mean | FAV

Argentina 35.63 | 1550 | 3404 | 2536 | 2835 | 0.30 | 49.26 59.:91 87.50 | 7857 | 0.00 | 55.03 | 0.60
EBarbades 39.70 | 1541 | 67.00 | 1.00 | 3078 | 0.40 | 39.44 | 20.26 | 50.00 | 35.10 | 0.00 | 31.36 | 0.40

Bolivia 49.71 | 32.05 | 35.69 | 16,57 | 34.26 | 0.40 | 17.59 | 36.67 | 50.00 | 37.14 | 0.00 | 3228 | 0.40

Brazil 37.958 | 2046 | 45358 | 30.74 | 33.77 | 0.40 | 4566 | 3444 | 8750 | 7857 | 37.50 | 36.71 | 0.60
Canada 17.59 | 2364 | 1548 | 36.11 | 23.21 | 0.30 [ 57.41 | 65.52 | 62.50 | 64.29 | 0.00 | 50.54 | 0.60
Chile 31.23 | 19.73 | 3426 | 31.37 | 2915 | 0.30 | 44,63 | 52.59 | 50.00 | 69.05 | 0.00 | 43.25 | 0.50

Colombia 51.72 | 26.54 | 46.75 | 4349 | 42,13 | 0.50 | 44.07 | 41.85 | 43.75 | 73.81 | 0.00 | 40.70 | 0.50
Costa Rica | 36.3b | 2440 | 33.82 | 2397 | 2963 | 0.30 | 5645 | 4556 | 37.50 | 71.43 | 0.00 | 4219 | 0.50
Cuba 53.60 | 26.60 | 34.00 | 13.99 | 3205 | 040 | 25.00 | 17.75 | 12,50 | 35.10 | 0.00 | 1865 | 0.20
DR 4797 | 3384 | 46,38 | 2433 | 38.13 | 0.40 | 49.26 | 59.07 | 62.50 | 64.29 | 0.00 | 47.02 | 0.50
Ecuador 43.69 | 20.23 | 37.74 | 29.95 | 35.16 | 0.40 | 37.22 | 62.22 | 25.00 | 71.43 | 0.00 | 39.17 | 0.40
El Salvador | 49.88 | 2958 | 5368 | 875 | 3545 | 040 | 32.96 | 25.89 | 50.00 | 57.14 | 0.00 | 33.50 | 0.40
Guatemala | 4575 | 34.25 | 57.12 | 2033 | 40.11 | 0.50 [ 3750 | 51.45 | 56.25 | 64.20 | 0.00 | 41.92 | 0.50
Guyana 39.35 | 25,57 | 83.50 | 5.51 | 3856 | 0.40 | 25.74 | 50.74 | 25.00 | 32.358 | 0.00 | 30.77 | 0.40
Hait1 57.68 | 56.20 | 53813 | 2.60 | 4365 | 0.50 | 3352 | 37.22 | 30.00 | 25,57 | 0.00 | 29.56 | 0.30
Honduras 53.76 | 34.82 | 60.12 | 16.35 | 41.27 | 0.50 | 24.63 | 31.67 | 37.50 | 59.52 | 0.00 | 30.66 | 0.40
Jamaica 43.21 | 3091 | 46.13 | 68 | 32.23 | 040 | 47.75 | 61835 | §1.25 | 54.76 | 0.00 | 49.13 | 0.50
Mexico 43.03 | 30.36 | 52.84 | 61.85 | 47.02 | 0.50 | 45.00 | 63.15 | 30,00 | 73.81 | 0.00 | 4639 | 0.50
Nicaragua 4353 | 31.92 | 39.79 | 23.67 | 347 0.40 | 4407 | 66.11 | 36.25 | 532.38 | 0.00 | 43.76 | 0.50
Panama 37.46 | 29.14 | 46.18 | 2355 | 34.08 | 0.40 | 11.85 | 73.15 | 37.50 | 37.14 | 0.00 | 3593 | 0.40
Paraguay 46.02 | 21.22 | 35892 | 26.14 | 33.08 | 0.40 | 35.93 | 55.66 | 37.50 | 76.19 | 0.00 | 41.04 | 0.50

Peru 4385 | 31.95 | 4481 | 3033 | 37.74 | 0.40 | 47.75 | 2533 | 62,50 | 61.90 | 0.00 | 40.10 | 0.50
Suriname 36.66 | 12.35 | 67.00 | 35.67 | 3567 | 0.40 | 20,56 | 19.44 | 31.25 | 4045 | 0.00 | 22.35 | 0.30
T 35.88 | 1440 | 67.00 | 16.26 | 3338 | 0.40 | 31.11 | 4463 | 31.25 | 66.67 | 0.00 | 34.73 | 0.40

United States | 20.42 | 23.51 | 20.96 | 45.10 | 2750 | 0.30 | 96.30 | 79.63 | 65.76 | 78.57 | 75.00 | 79.65 | 0.20
Uruguay 26.65 | 20.69 | 2536 | 13.89 | 2240 | 0.30 | 4056 | 43.70 | 43.75 | 7857 | 0.00 | 41.32 | 0.50
Venezuela 55.82 | 27.75 | 55.42 | 35.094 | 4445 | 0.50 | 25.00 | 40.93 | 12,50 | 40.45 | 0.00 | 23.78 | 0.30

Tahle 11
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! 01(02] 03 0.4 05 0610708109
FSACC( The Americas) | 1 1 109813 | 0.7735 | 0.3162 | oo | 00 | 00 | o©
Table 12

(v) Europe

We shall use following abbreviations:

BH = Bosnia and Herzegovina
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Name € €3 €3 4 Mean | FMV f fa fa fa fa Mean | FMV
Albania 52,88 | 2058 | 42,36 | 18.25 | 35.77 | 040 | 73.70 | 46.30 | 43.75 | 61.90 | 0.00 | 45.13 | 0.50
Austria 21.47 | 18,14 | 14.05 | 33.14 | 21.70 | 030 | 57.96 | 59.07 | 68.75 | 76.10 | 0.00 | 52.39 | 0.60
Belgium 2542 | 1983 | 24.03 | 3128 | 2514 | 030 | 71.30 | 50.74 | 75.00 | 71.43 | 0.00 | 53.69 | 0.60
BH G8.88 | 25.21 | 32,09 | 26.43 | 3588 | 040 | 5741 | 43.70 | 31.25 | 60.05 | 0.00 | 40.28 | 0.50
Bulgaria 40,41 | 2054 | 33.79 | 30,50 | 31.31 | 040 | 43.15 | 38,52 | 43.75 | T1.43 | 0.00 | 39.37 | 040
Croatia 36.51 | 25.20 | 36.88 | 16.54 | 2880 | 0.30 | 69.63 | 70.19 | 56.25 | 76.19 | 0.00 | 5445 | 0.60
Cyprus AT.60 | 23.25 | 28.05 | 3090 | 27.67 | 030 | 54.26 | T4.44 | 18.75 | 61.90 | 0.00 | 41.87 | 0.50
Crzech Republic | 27.22 | 1938 | 31.55 | 27.78 | 26.48 | 030 | 54.81 | 50.74 | 56.25 | 66.67 | 0.00 | 45.69 [ 0.50
Denmark 1568 [ 1853 | 11.06 | 23.92 | 17.30 | 0.20 | 59.81 | 68.52 | 50.00 | 69.05 | 0.00 | 4948 [ 0.50
Estonia 35.04 | 16,87 | 30.31 | 11.14 | 2582 | 030 | 3019 | 23.33 | 31.25 | 80.95 | 0.00 | 33.14 | 040
Finland 2207 | 19.69 | 10.08 | 22,66 | 20.88 | 0.30 | 52.78 | 62.04 | 56.25 | 66.67 | 0.00 | 47.55 | 0.50
France 26.13 | 2027 | 18.01 | 44.77 | 27.30 | 030 | 52509 | 76.85 | 43.75 | 60.05 | 0.00 | 4845 | 0.50
Germany 23.61 | 19.97 | 20.81 | 40.76 | 26.20 | 0.30 | 61.67 | 64.81 | 43.75 | T8.57 | 0.00 | 49.76 | 0.50
Greece 3764 | 2274 | 3810 | 3877 | 3431 | 040 | 53.80 | 36.85 | 18.75 | 38.10 | 0.00 | 29.52 | 0.30
Hungary 23.66 | 20.60 | 35.56 | 23.30 | 25.80 | 030 | 50.81 | 41.85 | 68.75 | 76.10 | 0.00 | 49.32 | 0.50
Ieeland 24881 1222 | 2043 | 1503 | 1814 | 0.20 | 4537 | 52.22 | 37.50 | 45.24 | 0.00 | 36.07 | 0.40
Ireland 1907 | 22.62 | 20.21 | 3313 | 23.76 | 030 | 69.63 | 71.30 | 18.75 | 61.90 | 0.00 | 44.32 | 0.50
Italy 36.30 | 21.50 | 33.62 | 3856 | 3252 | 040 | 42509 | 65.93 | 37.50 | 60.05 | 0.00 | 43.01 | 0.50
Kosovo 55.11 | 39.25 | 42,13 | 1594 | 35811 | 040 | 4815 | 59.92 | 43.75 | 47.62 | 0.00 | 39.89 | 0.40
Latwvia 41.05 | 2025 | 33.22 | 1295 | 27.00 | 030 | 58809 | 5019 | 43.75 | 71.43 | 0.00 | 4485 | 0.50
Lithuania 35.00 | 2058 | 34.10 | 16.94 | 26,68 | 0.30 | 50.26 | 54.81 | 25.00 | 73.81 | 0.00 | 4258 | 0.50
Luxembourg 2200 ) 18.64 | 976 | 4943 | 2520 | 030 | 33.15 | 31.67 | 68.75 | 26.19 | 0.00 | 31.95 | 0.40
Macedonia 49,51 | 24.38 | 44.06 | 24.11 | 3559 | 040 | 7037 | 60.19 | 62.50 | 42.86 | 0.00 | 47.18 | 0.50
Montenegro 41.68 | 2215 | 38.08 | 2345 | 31.34 | 040 | 69.63 | 60.56 | 56.25 | 50.52 | 0.00 | 49.19 | 0.50
Netherlands 1760 | 1786 | 21.64 | 2858 | 21.42 | 030 | 74.63 | 70.07 | 87.50 | 00.99 | 0.00 | 6824 [ 0.70
Norway 1788 [ 1990 | 14.85 | 34.90 | 21.88 | 0.30 | 65.03 | 82.41 | 37.50 | 69.05 | 0.00 | 5098 [ 0.60
Poland 34.76 | 1950 | 2007 | 2333 | 26,66 | 0.30 | 46.11 | 47.96 | 68.75 | 76.10 | 0.00 | 47.80 | 0.50
Portugal 21.50 | 22.62 | 16.06 | 16.80 | 1927 | 0.20 | 5852 | 73.52 | 68.75 | 83.33 | 0.00 | 56.82 | 0.60
Romania 39.26 | 25.86 | 31.83 | 18.74 | 2892 | 0.30 | 37.59 | 36.85 | 56.25 | 50.00 | 0.00 | 36.14 | 040
Serhia 4780 ) 21.75 | 30.24 | 27.05 | 3171 | 040 | 61.67 | T6.67 | 31.25 | 54.76 | 0.00 | 44.87 | 0.50
Slovakia 3247 | 2004 | 31.60 | 1642 | 2536 | 030 | 57.06 | 42.41 | 31.25 | 61.90 | 0.00 | 38.70 | 0.40
Slovenia 21.82 | 22,08 | 28,50 | 13.72 | 21.53 | 030 | 52.04 | 51.30 | 56.25 | 76.19 | 0.00 | 47.16 | 0.50
Spain 25,14 | 23.19 | 18.65 | 20067 | 24.16 | 0.30 | 77.04 | 64.07 | 50.00 | 73.81 | 0.00 | 52.98 | 0.60
Sweden 21.39 ) 19.70 | 10.84 | 38.60 | 22,63 | 030 | 7222 | 62.96 | 75.00 | 73.81 | 0.00 | 56.80 | 0.60
Switzerland 16.93 | 16.60 | 13.69 | 3098 | 19.55 | 0.20 | 60.19 | 64.81 | 25.00 | 73.81 | 0.00 | 44.76 | 0.50
Turkey 4547 | 2038 | 44.11 | 57.55 | 44.13 | 0.50 | 57.41 | 47.41 | 37.50 | 52.38 | 0.00 | 38.94 | 0.40
United Kingdom | 18.45 | 20.37 | 21.83 | 46.50 | 26.79 | 030 | 74.63 | 79.07 | 43.75 | 69.05 | 37.50 | 60.80 [ 0.70
Tahble 13
o 0.1 0.2 0.3 04 (05]06]|07(08]09]|1
FSACC( Europe) | 1 | 1 |0.9444 | 04743 | 0 | o0 | 00 | 00 | o0 | 00

Table

14
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(vi) Sub-Saharan Africa
We shall use following abbreviations:
CAR = Central African Republic
DRC = Democratic Republic of the Congo

RC = Republic of the Congo
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MName £ g g 24 Baan | FIMY _|ll L r‘z _Irg _:r_1 _;rq, Mean | FRV
Angola ERo0 | d95d | 4595 | SR | 4451 | 050 | 2047 | A4y | 3105 | @a.a7 | DA | 2001 | oo
Benin 46.05 | 652 | 390 | 14.90 [ 3452 [ 040 [ 3870 | 356 | 5625 | 6667 | 000 | 3644 | 040
Biotswana AT2R | 42E2 | 4658 [ 1921 [ 3641 | 040 [ 2481 | 1481 | G750 | 4286 | 000 | 2400 | 050
Burkina Faso 5O ER TT L A0TE ) 2R G | 4176 | 0AD | 4741 | 3056 | 3780 | 4286 | 000 | 3167 [ 040
Burandi 408 | B222 | R140 | 3717 | 5122 | 060 [ 2962 | 1451 | 1855 | 8510 | 000 | 20026 | 050
Camaraon 6121 | 4257 | 47095 | 5251 | 5128 | 060 [ 3087 | 2359 | 750 | 4762 | 000 | 2088 | 050
Capa Varda 4323 | 2050 | 540 | 2R3 | 3634 | 040 [ 1519 | 1547 | 2500 | 80095 | 000 | 1750 | O30
CAR ERET | 4567 | BedE | e22 ) TU00 | 0w | 1481 | 1722 | 1280 | T4 | 00D | 1033 [ 050
Chad TOAT | 4996 | 4798 [ 4004 [ 5204 [ 060 [ 2685 | 1204 | 51,25 | 5288 | 000 | 2450 | 050
DR TEAD | BERL | BETR | B2 49 | 6B4AYV | OO [ T 1167 | 51.25 | 2610 | 000 | 1538 | 050
Dijibonti 4918 | 4261 | AR08 | 3242 [ 4510 | 050 [ 2500 | 2359 | G750 | 5942 | 000 | 30015 | 040
Equatarial Guines | 56,66 | 4062 | 4688 | 100 | 3616 | 040 | 000 | 1853 | 0000 | 2381 | 000 | 247 | 010
Eritr=a 5044 | 5LO5 | GBS | 2482 [ 4955 | 050 [ 000 | 296 | 0030 | 2619 | 000 | 553 | 010
Eihiopia BATH | B4EE | 3418 ST 208 | 060 | 2180 | 2323 | 6250 [ 5238 | 000 | 3290 | 040
Gabom BLES | 3151 | 4288 [ 1697 | 3561 | 040 [ 30000 | 24236 | 2500 | 4524 | 000 | 24,90 | 050
Gambis 500 | 2027 | 7418 | 2263 | 4634 | 050 [ 2250 3519 | AT.50 | 4524 | 00| 2810 | 0820
Ghana E1EG | 3842 | dvds | 28526 | 4180 | 0A0 [ 2204 | 3019 | 2500 | 4524 | 000 | 2449 | 050
Cuinea EAS0 | 418 | B26E | ZRET | 4745 | 0AD [ 27 12,96 | 31.25 | 2847 | 00D | 1511 | O30
Guines-Bissan A0S | 4050 | TO2E | Z2A4T | 4882 | 0&0 [ 1481 | 3204 | 2500 | 2143 | 000 | 1866 | 050
Tvory Cosst EGAOT | 3872 | 4622 | 2545 [ 4511 | 0A0 [ 37496 S‘EI 19 | 5000 | 30495 | 000 | 2082 | 050
Keanys E4EY | BRE4 | 4655 | T2OR | EEE0 | 060 [ 2185 | 2741 | 625 | 4288 | 00D | 1967 | 020
Lesctho 4028 | 52026 | 6R2% | Q58 | 4280 | 0AD [ 3148 ZE-.“':I. 0000 | R9.52 | 000 [ 3235 [ 040
Liktsria ETOL | 4462 | dd.ds | 2043 | 4401 | 0&0 [ 2722 ) 2741 | 5125 | 50000 | 000 | 2718 | 050
Madagasear AT | BOET | R2EE | 1500 [ 4282 [ 0A0 [ 3180 | 1444 | 8125 | 4286 | 000 | 2307 | 050
Malswi EAET | BET4 | AT.VE | 2106 | 4506 | 0A0 [ 3222 ) 2111 | 1250 | 8510 | 00D | 2079 | 050
Mali G404 | 3408 | 3160 [ 5741 | 4680 | 050 [ 1529 | 1204 | 4375 | 8383 | 000 | 20086 | 030
Mauritanis BR.0E | 0B | 4985 | 20T J7 | DAD | 2500 E 41 | 1250 | 4048 | 000 | 2208 | 080
Mauritiuz 20924 | 2445 | 2658 | 100 [ 0038 [ 080 [ 3444 | 2741 | 1855 | 4524 | 000 | 2517 | 050
Mogambigue 2001 | 4546 | 5440 | 2588 | 4486 | 0LA0 [ 5380 E-IZI.EE 1250 | 4762 | 000 | 32491 [ 040
Mamibia 2000 | 4068 | 5142 | 1827 | 4800 [ 040 [ 2845 | 2204 | 3125 | 5288 | 000 | 2676 [ 050
Miger ET0 | 4517 | 4213 | 4038 | 47 0A0 | 12241 | 2026 | 2500 | 40048 | 000 | 21.42 | 020
Migeria G004 | 4784 | 5076 | 8084 | 6234 | 070 [ AD0T4 | 963 | 5000 | 4524 | 000 | 4112 | 050
R 61T | 4469 | 5245 | R0 [ 4781 | 050 [ 2222 880 | 8750 | 3571 | 00D | 2086 | 050
Fwanda ERdd | AT.ER | 4623 | 4200 | 47 040 | 8095 | 45.19 | 31.25 | 54.76 | 000 | 3243 | Q40
Senagal 4497 | 4251 | 3696 | 3548 | 3005 | 040 | 4962 | 3250 | 2500 | 54.76 | 000 | 3240 | 040
Siarra Lacms BOET | 5229 | 41.72 [ 1770 | 4082 [ 050 [ 44.44 | 4556 | 4275 | A4.76 | 00D | 3770 | 040
Sornalia TAOG | 6482 | 5547 | 7448 | 6FO0F [ 0070 [ 003 | 000 | 000 | 000 | oo | 000 | O
South Africa 4027 | 4206 | 5580 | 4154 d-E-.S" 040 | 8880 | 5574 | 31.25 | 64.20 | 000 | 3203 | 040
South Sudan 7453 | 5070 | GOEO [ TELA [ BRED [ 0070 [ 2087 | 148 | 1855 | 2847 | 00D | 1253 | 050
Sudan E164 | 5412 | 4618 | B | B8R0 | 00T | 2407 | 2741 | 625 | 8343 | 000 | 1521 [ O30
Swaziland ETED | BAES | 6TA% | 1589 | 4857 | 0A0 [ 3580 | 2204 | 3750 | 4286 | 000 | 277 050
Tanzania BLEG | BAET | ATEE | 4048 | 4861 | 050 [ 2704 | 3648 | 2500 | 4762 | 000 | 2523 | 080
Thga B4TE | B0EDZ | 4T.VE | 2400 [ 4412 | 050 [ 2645 | 463 | 5125 | 1905 | 000 | 1828 | O350
Ugands RAED | BRLE | 3045 | 4573 | 4881 | 0A0 [ D92 | BO19 | ATED | SOA2 | OO0 | 3963 | 040
Fambia 4510 | BE.T6 | 5002 [ 2446 | 4450 | 050 [ 3380 | 29051 | 4355 | 8810 | 000 | 29,11 | 050
Zirnbakwe G025 | 5205 | 4592 | 2678 | 47 0A0 | 1587 | Z56 | 1280 | 4286 | 000 | 1826 | 020

Table 15
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o 0.1 0.2 0.3 0.4 05 o6 |07 |08 [089](1
FSACC(Sub-Saharan Africa) | 0.9391 | 0.9668 | 0.8470 | 0.5164 | 0.1622 | oo | oo | oo | oo |
Table 16

6. Analysis
o [N} R 0.4 4 L5 oG [0y [os]og] 1
FSACCY Asia Pacific) 09623 | 09428 | 08292 | 06121 | 08273 [ O | oo | oo | oo | o
FEACT Russia and Eurasia) 1 1 1 08165 1] oo | oo | oo | oo | oo
FRACOMEMA) 08519 | 08408 [ 0245 | 04324 1] oo | oo | oo | o | ee
FEACC{The Americas) 1 1 09513 [ 05735 | 08162 | oo | oo | oo | oo | oo
FRACT Europes) 1 1 09444 | 0.4743 1] oo | oo | oo | oo |ee
FRACTSub-Saharan Africa) | 09891 | 09668 | 08470 | 05164 | DABE2 | co | oo | oo | oo [ oo

Tahle 17

Thus, The Americas and Europe have the highest correlation levels in this

case.

7. Complement of vulnerability and government responses

(i) Asia Pacific

Complement of vulnerability and government responses of the region

“Asia Pacific” is shown in Table 18.
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Name Mean of vulnerability | 100 - Mean of vulnerability | FMV | Mean of govt. responses | FMV
Afghanistan® 67.06 32.94 0.40 0.00 0.00
Australia 21.98 7802 0.80 59.32 .60
Bangladesh 44.12 55,88 0.60 45.62 0.50
Brunei 63.92 36.08 0.40 17.32 0.20
Cambodia 41.51 58.40 0.60 32.06 0.40
China 44.66 h5.34 0.60 2B.58 0.30
HS5C 20.23 T0ITT 0.50 841 0.10
India 51.35 48.65 0.50 35.61 0.40
Indonesia 42,22 57.78 0.60 36.58 0.40
Japan 21.40 TH.ED 050 25.20 0.30
Laos 36.45 63.55 0.70 27.20 0.30
Malaysia 38.51 61.49 0.70 30.98 0.40
Mongolia 30.09 69.91 0.70 27.66 0.30
Myanmar 56.36 43.64 0.50 30.00 0.30
Nepal 40,37 50,63 0.60 43.57 0.50
New Zealand 18.29 51.7T1 0.90 46.570 0.50
North Korea 45.84 L4116 0.60 —4.21 0.00
Paldstan 62.47 a7.53 0.40 33.35 0.40
PNG 59.m 40.99 0.50 13.59 0.20
Philippines AT.67 5233 0.60 T7.57 0.50
Singapore 18.38 ®1.62 0.90 2028 0.30
South Korea 29.79 T0.22 0.80 22.72 0.30
Sri Lanka 36.26 63.74 0.70 ar.06 0.40
Tarwan 23.10 76.90 0.%80 32.16 0.40
Thailand T.54 52.46 0.60 3T7.85 0.40
Timor-Leste 39.13 6088 0.70 12.47 0.20
Vietnam 20.34 T0.66 0.%80 41.69 0.50

Tahkle 12

o 0.1 0.2 0.3 0.4 0.5 0.6 0.71081]0.9

FSACCY (Asia Pacific) | 0.9623 | 0.9428 | 0.8819 | 0.7201 | 0.5000 | 0.2182 | oo | oo | oo

Table 19
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Name Mean of vulnerability | 100 - Mean of vulnerability | FMV | Mean of govt. responses | FMV
height Armenia 37.14 62.56 0.70 40.88 0.30
Azerbaljan 37.09 62.91 0.70 32.92 0.40
Belarus 3464 65.36 0.70 31.52 0.40
Georgia 34.95 65.05 0.70 48.41 0.50
Kazakhstan 32.86 67.14 0.70 27.37 0.30
Kyrgyzstan 33.18 64.51 0.70 30.24 0.40
Meldova 32.04 67.96 0.70 45.49 0.50
Russia 43.45 56.55 0.60 2434 0.30
Tajikistan 42.42 57.58 0.60 31.24 0.40
Turkmenistan 37.34 62.66 0.70 23.56 0.30
Ukraine 40.64 59.36 0.60 36.84 0.40
Uzbekistan 36.80 63.20 0.70 23.82 0.30
Tahble 20
o 0110203 0.4 0.5 06070809 1
FSACC®(Russia and Eurasia) | 1 1 1 ] 0.8165 | 0.5000 | oo | oo | oo | o0 | o0

Table 21
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(iii) The Middle East and North Africa

Name Mean of vulnerability | 100 - Mean of vulnerability | FMV | Mean of govt. responses | FMV
Algeria 44 40 b5 60 0.60 24.09 0.30
Bahrain 40.06 50.94 0.60 26.81 0.30
Egypt 49.24 50.76 0.60 34.03 0.40

Iran 50.93 49.07 0.30 4.82 0.10

[rag* 63.82 36.18 0.40 0.00 0.00

lsrael 36.87 63.13 0.70 4193 0.50
Jordan 42.06 57.94 0.60 37.27 0.40
Kuwait 36.11 63.59 0.70 23.63 0.30
Lebanon 4542 b1.58 0.60 30.00 0.30
Libya* 5887 41.13 0.30 0.00 0.00
Moroceo 3517 61.53 0.70 20.45 0.30
Oman 3554 61.46 0.70 25.10 0.30

Qatar 317 65.29 0.70 31.48 0.40

Saudi Arabia 4048 50.52 0.60 25.25 0.30

Syria® 66.39 33.61 0.40 0.00 0.00
Tunisia 3443 65.57 0.70 27.80 0.30

UAE 25.36 71.64 0.50 42.79 0.50
Yemen™® 60.82 39.18 0.40 0.00 0.00

Table 22
o 0.1 0.2 0.3 0.4 0.5 060708109 1

FSACCO(MENA) | 0.8819 | 0.8498 | 0.8498 | 0.5270 | 0.3651 | co | oo | oo | oo | oo

Table 23

(iv) The Americas
We shall use following abbreviations:
DR = Dominican Republic

TT = Trinidad and Tobago
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MName
height Argentina
Barbados
Bolivia
Brazil
Canada
Chile
Colombia
Coata Riea
Cuba
DR
Ecuador
El Salvador
Cuatemala
CGuvana
Haiti
Honduras
Jamaica
Mexico
MNicaragua
Fanama
Paraguay
Fearu
Suriname
TT
United States
Uruguay
Venezuela

hean of vulnerability

25.38
30.78
34.26
3307
23.21
2014
4213
20,63
32.05
38.13
35618
3b.48
40.11
35.06
43.65
41.27
32.23
47.02
3473
3408
33.08
37T

3567
33.38
27.60
22.40
44 48

100 - Mean of vulnerability
71.62
G9.22
G3.74
GE.23
76.50
T0.8b
B7.87
T0.37
G7.95
61.57
G4 .54
G452
59.50
61.44
BE.35
b5.73
67.77
52,05
65.27
G3.92
GE.02
G2.26
61.37
GE.62
7250
T7.60

b5.h2

FLIV

0.80
0.70
0.70
0.70
0.80
0.80
0.60
0.30
0.70
0.70
0.70
0.70
0.60
0.70
0.60
0.60
0.70
0.60
0.70
0.70
0.70
0.70
0.70
0.70
0.30
0.30
0.60

hlean of govt. responses
55.03
31.36
3225
B6.71
b4
43.2b
40.70
4210
15.658
47.02
3017
33.50
41 932
3077
2056
J0.66
49.13
45,30
43.78
35.03
41.04
40.10
2336
34.73
79.65
4132
2378

FMV
0.60
0.40
040
0.60
0.60
0.50
0.50
0.50
0.20
0.50
040
0.40
0.50
0.40
0.30
040
0.50
0.50
0.50
0.40
0.50
0.50
0.30
040
0.50
0.50
0.30

Table 24
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(v) Europe
We shall use following abbreviations:

BH = Bosnia and Herzegovina
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Mame MMean of vulnerability | 100 - Mean of vulnerabality | FMY | Mean of govt. responses | FMV
Albania ITT .23 .70 45,13 .50
Austria 21.70 TR.ED .40 52,20 (.60
Bealgium 25.14 T4.86 .80 52.60 (.60

BH 25,88 £4.12 0. 70 4028 (.50
Bulgaria 21.21 GH.60 (.70 39.a7 (.40
Croatia 28 80 T1.1% .50 54.45 (.60
Cyprus 27ET 72,23 0.&0 41.87 0.50

Czech Repukblic 4R T2 .50 45,69 (.50
Dienmark 17.20 =270 090 40 48 .50
E=stcnia 2582 T4.1% 0.&0 33,14 (.40
Finland HER T0.13 .40 47.585 .50
France 2720 TR0 0.&0 45,45 .50
Germany 26.20 TA.T1 0.&0 4076 .50

Ciresce .21 G560 .70 20.52 0.30
Hungary 25,80 T4.20 .40 40.32 .50
Ieeland 15.14 2186 (.90 3BT (.40
Ireland 2576 TH.24 .40 4432 (.50

Italy 3252 G748 .70 42,01 (.50
Kosove .11 G150 .70 39,50 (.40
Latvia 27.00 7201 0.&0 44 85 .50

Lithuania .68 T332 .50 4258 (.50
Luxembourg 25.20 T4.80 0,80 21.95 .40
Macedonia 15 50 .41 .70 47.18 .50
Montenegra 31.34 B8 GE .70 40,19 .50
Metherlands .42 TEAR .40 624 070
Maoraay .88 TE1Z 0.&0 50.0& (.60

Poland 35,66 T5.34 .40 47.80 .50
Portugal 19.27 .73 .90 5G.A2 (.60
Romania 25,02 T1.08 (.80 3614 (.40

Serbia 21.71 5,20 0. 70 4487 (.50
Slovakia 25,26 T4.64 .20 38, (.40
Slovenia 21.53 TRAT .50 47.16 .50

Spain 24.16 Thed (.80 5208 (.60
Sweden X263 Tr.ET .50 56,80 (.60

Switzerland 19,55 HL45 (.90 44.76 (.50
Turkey 44.13 5H.BT .60 3804 (.40
nited Kingdeom 26,70 73.21 0.&0 G0 R0 0,70

Takle 26
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« 01102103 0.4 0.5 0.6 0.7 081091
FSACCC(Europe) 1 1 1 10.9864 | 0.8699 | 0.4932 | 0.2357 | 0 | oo | o0
Table 27

(vi) Sub-Saharan Africa

We shall use following abbreviations:

CAR = Central African Republic

DRC = Democratic Republic of the Congo

RC = Republic of the Congo
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Mame Mlean of vulnersahbility | 100 - Mean of vulnerabilige | FIdY | Mean of govt. responsss | FRY
Angela 44.21 55.79 0.a&0 @1l 0.3
Benin S4.52 65458 0.70 3544 .40
Botswann Sidl G3.59 0.70 20.00 0.3
Burkina Fasc 41.78 5E.24 0.80 3187 0.40
Burundi 51.22 JE. TS 0.50 .26 0.30
Cameroon 51.28 JB.TZ .50 .88 .50
Cape Verde Sith.3d G3.05 0.70 17.50 0.0
CAR 7000 J0.00 0.40 10.53 0.0
Chad H2.34 47.084 0.40 2440 030
DRC GEAT d1.55 0.40 15.58 0.0
Dyikouti 45.10 §d.50 0.0 aJn.lE .40
Equatorial Guinea 5616 63, 0.7 24T 0,10
Eritrea 4955 045 0.a0 5583 .10
Ethiopia S209 47.91 0.50 a5.90 0.40
Gabeon S5.61 64.39 0.7 24.90 0.0
Gambia 434 5308 .60 Z3.10 0.0
Chann 41.50 GE.50 .80 .49 0.30
Guinea 47.45 H2.55 .80 15.11 0.2
Guinen-Bissau 4EA2 51.18 0.0 13.64 0.20
Tvory Const. 15.11 S4B .80 2.4z 0.30
Kenya .60 43,40 0.50 19.687 0.
Lesotha 42.80 7.0 .80 35.35 .40
Liberia 44.11 5.8 .80 .18 0.30
Madagnscar 42,52 7.3 .80 23847 0.0
[ila Lo 4505 54.95 .60 x.79 0.0
Dluli 4&.80 3.0 .80 .88 0.30
Muuritania 48,77 5325 .80 08 0.30
M auritius 20.33 TO.87 .20 2517 0.0
blozambique 44.68 55.3 .80 329l 0.40
Nomibia SE09 £1.91 0.70 26.74 030
Niger 4709 52.01 0.0 21.43 0.30
Migerin G234 3v.68 0.40 41.12 .50
Rz 4781 52149 0.0 .58 030
Rwandn 4783 5217 0.a0 243 .40
Senegnl 3993 BOLO7 0.70 40 .40
Sierra Leone 4082 50.18 0.a&0 3T.70 .40
Somalia 877 32.08 0.40 0.0 0.
Souch Adrica 1587 51.15 0.a80 =03 .40
South Sudan 35.59 34.41 0.40 15.83 0.0
Sudnn G50 3a.a0 0.40 18.21 0.0
Swaziland 4ELT §l.45 0.480 .74 030
Tanzunia 4861 §l.39 0.a60 2523 0.3
44.12 55.68 0.0 16.28 0.0

Uganda {881 §l.19 0.480 .63 .40
Lambia 44.59 5.4l 0.0 .11 030
Zimbolbwe 4708 52.54 0.a0 12.268 0.0

Thhle 25
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! 0.1 0.2 0.3 0.4 05|06 |07 (08|09 1
FSACCY (Sub-Saharan Africa) | 0.9801 [ 0.9668 | 0.8470 [ 0.5108 | O o o x| oo | oc
Tahle 29
8. Analysis
MENA = Middle East and North Africa
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0o 11
FSACCH{ Asia Pacific) 0.9623 | 0.9428 | 0.8819 | 0.7201 | 0.5000 | 0.2182 x 0c s+ BN =
FSACCY(Russia and Eurasia) 1 1 1 0.8165 | 0.5000 o a5 00 o | o
FSACCr'II: MENA) 0.8819 | 0.8498 | 0.8498 | 0.5270 | 0.3651 o x 0od oo | e
FSACCF'II'\II‘he Americas) 1 1 0.9813 | 0.9230 | 0.7454 | 0.3849 | 0.2182 | 04082 | ~c | oc
FSACCY (Europe) 1 1 1 0.9864 | 0.8699 | 0.4932 | 0.2357 e x| o
FSACCT (Sub-Saharan Africa) | 0.98091 | 0.9668 | 0.8470 | 0.5108 0 o o 0o o | o
Table 30

Thus, The Americas and Europe have the highest correlation levels in
this case.

9. Sociological views on vulnerability and government responses
to human trafficking

Human slavery is probably present in all nations, but to highly varying
degrees. Between-nation trafficking networks involve almost all nations as
either sources or destinations, but to highly varying degrees. The United
Nations report focuses on factors that make some nations more vulnera-
ble as sources of slaves, and describes variations in national public-policy
responses to inter-national trafficking across nations. Both concepts - vul-
nerability and government response - are complex. Whether a nation is seen
as vulnerable or not, and whether that nation’s governmental response is
seen as extensive or not, are uncertain due to definitional complexity. As-
sessing the general magnitude of the association between vulnerability and
governmental response, measured across nations, is therefore also made un-
certain because of the complexity of the concepts.

Many of the conditions that are identified as indications of vulnerabil-
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ity to human trafficking (weak civil and political protections; limited social,
health, and economic rights; personal insecurity; and high levels of refugees
and conflict), may both produce a need for governmental response and, at
the same time, limit the capacity of government to respond. Governmental
responses may be of multiple sorts, including survivor support, criminal jus-
tice, coordination and accountability, and risk assessment. Overall, across
all nations, and by most measures, there is a negative association between
vulnerability and response. That is, nations that display greater vulnera-
bility to involvement in international human trafficking also display weaker
public policy responses. The correlation, however, is far from perfect, and
may vary across regions.

Because of geographical, cultural, and other factors, the strength of
the association may differ from region to region. In some regions, certain
combinations of factors producing vulnerability may be more common than
in other regions; yet mean vulnerabilities may be similar. In some regions
patterns of governmental responses may differ from the patterns in other re-
gions; yet the mean responsiveness might be regarded as similar. To assess
whether the association between the two concepts is equally strong across
regions, methods are needed to deal with definitional uncertainty. We shall
assume that other sources of uncertainty sampling and instrumentation are
absent.

10. Fuzzy soft set analysis compared to “conventional” anal-
ysis in sociology

“The Global Slavery Index 2016” [4] data on four parameters of vul-
nerability and five parameters of government response for 167 nations, are
divided into six regions. The five government responsiveness parameters
(f) are measured quantitatively and is scaled such that high scores indicate
greater responsiveness. The four vulnerability parameters (e) are measured
quantitatively as scores on factors from 24 indicators, and is scaled such
that high scores indicate greater vulnerability. One seeks to examine the
distribution of case’s vulnerabilities and responsiveness, as well as the as-
sociation between these two concepts across the universe of nations (and
within regions). Table 31 shows the raw data for the Asia region. We
see, for examples, that Australia ranks high on responsiveness, but low
on vulnerability; Afghanistan displays high levels of vulnerability and low
responsiveness
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Name fi fo f3 fi | fs] @ 2 e3 e4
Afghanistan 0 0 0 0 0 83 | 47.39 | 53.31 | 84.55
Australia 64.44 | 81.85 | 56.25 | 69.05 | 25 | 15.14 | 19.85 | 17.45 | 35.49
Bangladesh | 39.44 | 60.37 | 68.75 | 59.52 | 0 | 46.78 | 46.04 | 33.63 | 50.02
Brunei 741 | 35.74 | 12.5 | 30.95| 0 | 60.78 | 30.99 | 99.99 | 63.93
Cambodia | 25.19 | 33.33 | 37.5 | 64.29 | 0 | 53.68 | 42.96 | 57.4 12
China 35.56 | 23.7 | 31.25 | 52.38 | 0 | 55.12 | 26.9 | 43.84 | 52.78
HSC 5.93 | 5.19 0 30.95 | 0 | 42.28 | 17.55 | 21.44 | 35.65
India 44.07 | 45 | 4375|4524 | 0 | 37.07 | 36.68 | 43.88 | 87.78
Indonesia 37.59 | 40.56 | 50 | 54.76 | 0 | 39.15 | 43.35 | 50.38 | 36.01
Japan 42.59 | 19.44 | 18.75 | 45.24 | 0 | 25.23 | 19.09 | 22.16 | 19.13
Laos 28.7 | 26.48 | 31.25 | 50 0 | 56.64 | 34.01 | 53.98 | 1.19
Malaysia 36.48 | 51.48 | 31.25 | 35.71 | 0 | 34.9 | 32.43 | 46.39 | 40.33
Mongolia 27.78 | 31.67 | 31.25 | 47.62 | 0 | 39.22 | 36.74 | 40.87 | 3.54
Myanmar 41.11 | 8.89 50 50 0 | 57.81 | 50.11 | 50.53 | 66.99
Nepal 42.78 | 38.15 75 61.9 0 42.3 | 43.22 | 34.74 | 41.21
New Zealand | 53.7 | 47.96 | 43.75 | 88.1 | 0 | 13.31 | 22.24 | 16.09 | 21.51
North Korea 0 13.89 0 714 | 0 | 71.2 | 48.27 | 62.88 1
Pakistan 28.52 | 37.04 | 25 |76.19| 0 | 58.4 | 41.98 | 52.7 | 96.79
PNG 6.48 | 23.7 25 14.29 | 0 | 50.12 | 62.85 | 99.99 | 23.1
Philippines | 46.48 | 62.78 | 50 | 78.57 | 0 | 44.76 | 39.62 | 52.34 | 53.95
Singapore | 36.11 | 22.41 0 42.86 | 0 | 29.85 | 22.11 | 20.58 1
South Korea | 35.93 | 31.85 | 12.5 | 33.33 | 0 | 38.2 | 34.64 | 28.98 | 17.32
Sri Lanka 25.93 | 38.52 | 37.5 | 83.33 | 0 | 47.01 | 35.12 | 31.82 | 31.08
Taiwan 50.56 | 23.62 | 43.75 | 42.86 | 0 | 34.91 | 33.38 | 22.34 | 1.76
Thailand 35.19 | 35.93 | 56.25 | 61.9 | 0 | 49.23 | 28.62 | 48.97 | 63.33
Timor-Leste | 25.93 | 25.93 0 40.48 | 0 | 38.88 | 48.07 | 68.55 1
Vietnam 45.19 | 34.07 | 62.5 | 66.67 | 0 | 51.19 | 29.94 | 35.22 1

Table 31
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Table 32 shows Pearson’s zero-order product-moment correlations.

J1 fo JE! J4 /5 e1 ez | e3 | eq
71 1.00
fo | 0.68 | 1.00
f3 ] 0.68 | 0.63 | 1.00
fa ] 071 | 0.69 | 0.66 | 1.00
f5 1 0.39 | 0.50 | 0.21 | 0.18 | 1.00
e1 | -0.72 | -0.57 | -0.25 | -0.47 | -0.39 | 1.00
ey | -0.39 | -0.21 | 0.04 | -0.32 | -0.30 | 0.55 | 1.00
eg | -0.62 | -0.21 | -0.24 | -0.41 | -0.26 | 0.59 | 0.65 | 1.00
es | -0.05] 0.16 | 0.16 | 0.08 | 0.00 | 0.32 | 0.13 | 0.19 | 1.00

Table 32

The associations among government responsiveness indicators (f) are
positive, substantial, and similar to one another. The associations among
the indictors of vulnerability (e) also tend to be positive, but display a
great deal of variation. Nations that are high on one aspect of vulnerabil-
ity are not necessarily high on others. The associations between the set
of responsiveness indicators and the set of vulnerability indicators are gen-
erally negative, consistent with the notion that many of the same factors
that produce vulnerability to human trafficking, may limit governmental
responses to it. The associations are far from homogeneous.

Overall, the pattern of associations, as measured by traditional “hard”
statistics, suggest that, if we were to divide nations in to “high-risk” ver-
sus “low-risk” for trafficking, we would get different answers depending on
which parameter we used. The same is true for classifying national govern-
ment responses. It follows that the strength of the association between the
two concepts depends considerably on which parameters are examined.

A conventional approach to summarizing the overall pattern of associa-
tion between the two sets of indicators is to identify components or factors
in each indicator, and to examine the correlation between the factors. For
the 27 nations in the Asia region, the 1% canonical correlation is 0.85,
suggesting a very strong association between the underling concepts of vul-
nerability and governmental response.
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How certain should we be, on the basis of such analysis that there re-

ally is a strong negative association between vulnerability and governmental
responsiveness to human trafficking across the Asian nations? There are
many heroic assumptions built into the conventional “hard” statistical ap-
proach.
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