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Abstract 

Achieving sustainability and resilience in supply chains is a topic of contemporary interest to 

supply chain practitioners of the decade.  Resilience is a technological capability that enables 

the supply chain to manage and mitigate disruptions.  A major challenge lies in the 

measurement of supply chain resilience.  Resilient Fuzzy Index (RFI) is proposed in this 

research to measure the level of resilience of firms.  Also, Performance Fuzzy Index (PFI) is 

developed in this study that aids in identifying critical attributes affecting resilience in supply 

chains.  Calculation of RFI and PFI could assist top management in evaluating resilience 

capabilities of the supply chain for taking strategic level decisions.  The proposed framework 

has also been evaluated in an actual electronics manufacturing company in India.  Euclidian 

distances were calculated using the methodology and the status of the resilience of the supply 

chain of the case electronics manufacturing company is found to be matching with the 

‘Extremely Resilient’ status.  Sensitivity analysis was also conducted and the results of the 

same show that there is a full possible shift from ‘Extremely Resilient’ to ‘Definitely 

Resilient’ level, by improving the performance rating of the attributes to their maximum 

possible values.  And from the results of the case study, managers can measure, compare, and 

improve the level of resilience of their supply chains. 

Keywords: Technological capability; Risk management; Supply chain resilience; Electronics 

manufacturing. 
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1. Introduction 

Increased globalized competitions, lean and agile operation orientations, ever increasing 

expectation from customers, shrinking product life cycles, etc., has made management of 

supply chains a great challenge for managers (Reinhorn, 2013).  Apart from that, supply 

chains are subject to lot of risks (Benjamin et al., 2015) and variability amplification due to 

bullwhips (Mangla et al., 2015).  These risks can occur at four levels, (i) process and value 

stream related risks, (ii) assets and infrastructure related risks, (iii) organizational and inter-

organizational risks and (iv) risks related with the environment (Christopher, 2004).   

 Disruptions can be defined as major breakdowns in the production or distribution nodes 

constituting a supply chain.  Resilience is defined as the ability of the system to return to its 

original state after being disturbed (Christopher and Peck, 2004).  In supply chain context, it 

is the technological capability to manage and mitigate from disruptions (Rajesh, 2019b).  In 

other way, resilience can be understood as the ability to manage risks, i.e. being better 

positioned than competitors to deal with disruptions (Sheffi, 2005).  Apart from that, 

resilience to disasters is the technological capability of a supply chain system to reduce the 

probabilities, consequences and time to recover from disruptions (Handfield, 2007).  

Achieving sustainability and resilience in supply chains is a topic of contemporary interest to 

supply chain practioners of the decade (Rajesh, 2018a; Rajesh, 2019a).    

 Bruneau et al. (2003) introduced the concept of a resilience triangle.  The resilience 

triangle represents a measure of both the loss of functionality of a system after a disaster and 

the amount of time it takes for the system to return to normal performance levels (Tierney 

and Bruneau, 2007).  Resilient supply chains have the ability to adapt to both positive and 

negative influences of the environment.  Hence, resilience can be a distinct source of 

sustainable competitive advantage (Hamel and Valikangas, 2003).  Environmental as well as 

economic considerations are to be addressed for bringing sustainable competitiveness (Jayant 
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et al., 2012).  Constructing resilient supply chains have some important questions to keep in 

mind as, (i) what are the parameters contributing to supply chain resilience? (ii) what is the 

measure of level of resilience of a supply chain? (iii) how do companies compare their 

performances in resilience? This research has been conducted to answer these questions. 

  Datta et al. (2007) presented an agent-based framework for improving supply chain 

flexibility and resilience by studying multi-product, multi-country supply chains subject to 

demand variability, production, and distribution capacity constraints.  Craighead et al. (2007) 

showed an empirical research design for classifying the severity of supply chain disruptions 

based on three specific supply chain design characteristics (density, complexity, and node 

criticality).  Pettit et al. (2013) formulated a conceptual framework for measuring supply 

chain resilience in consideration of various traits imparting resilience and formulated an 

assessment tool for same.  Azevedo et al. (2013) proposed an eco-resilient index for supply 

chains aimed at reducing the energy consumptions making the supply chain green, at the 

same time increasing its competitiveness.  Soni et al. (2014) formulated a modeling approach 

for gauging supply chain resilience employing graph theory and matrix approaches.  A 

detailed review of literature on recent works in supply chain resilience is conducted and is 

presented in Table 1.  

 Literature review on resilient supply chains indicate that an index that describes the level 

of resilience closeness of a supply chain based on various strategic and attribute level 

considerations or an index that describes the critical factors affecting the resilience of supply 

chains considering various strategies and attributes of resilience are not found till date.  From 

the literature, it is also seen that there is need for matching the level of resilience of the 

supply chain with prefixed linguistic labels.  This can assist managers to knowing the exact 

level of resilience of their supply chains for improvement and to compare their performances 

with that of the competitors.  Also, it is seen that most of the strategies and attributes 



4 

 

contributing to the resilience performances of the supply chain are less tangible and can be 

measured using linguistic labels.  Fuzzy set theory can be best used in situations of cognitive 

uncertainties and in group decision-making environments.  These needs have provided the 

motivation for the present research.  

 A framework of policies, strategies and attributes is to be constructed for the evaluation 

of the level of resilience.  In general, electronics manufacturing firms have to consider the 

following stratagems for effectively implementing resilience in their supply chains: Supply 

chain risk assessment (Christopher and Peck, 2004), Strategy focused collaboration and 

control (Christopher, 2004), Agility and responsiveness in supply chains (Lee, 2008), 

Flexible supply chains (Ponomarov and Holcomb, 2009), Supply chain risk management 

culture (Christopher and Peck, 2004).  The details of the strategies and attributes considered 

for a resilient supply chain with characteristic focus on electronics manufacturing firms along 

with relevant literature are said in Table 2 and an illustrative outlook of those is shown in 

Figure 1.  This paper is further organized as follows.  The methodology for measuring and 

improving the level of resilience capabilities of the firm is discussed in Section 2.  The 

assessment of the proposed framework in a real case electronics company is elaborated in 

Section 3.  Section 4 discusses on the results and research implications from the case supply 

chain standpoint.  Conclusions and scope of future works are expounded in the next section. 

2.  Methodology 

It can be seen that many of the attributes for resilience assessment are qualitative in nature, 

which can be best described subjectively using linguistic terms.  Subjective decision-making 

models can be better used in such situations (Sabu et al., 2018).  Grey theory and Fuzzy set 

theory are widely employed to problems dealing with vague or imprecise data (Lin et al., 

2006; Rajesh, 2018d).  Fuzzy logic has been used in a wide variety of management decision 

making applications (Radivojević and Gajović, 2014) and for the proposal of fuzzy indices 
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(Lin et al., 2006).  In this research, we have developed a supply chain resilience evaluation 

model based on fuzzy logic.  A resilient index is formulated by considering the strategies and 

attributes imparting resilience in a supply chain.  Fuzzy scoring method is used for evaluating 

the level of resilience in a supply chain.  Also, it is possible to suggest how far the supply 

chain needs to improve its capabilities to attain a desired level of resilience.  The flow chart 

showing the procedure is shown in Figure 2.  The method of calculation of Resilient Fuzzy 

Index (RFI) and matching the RFI with linguistic ratings is shown as follows:  

2.1 Formation of a committee  of supply chain analysts 

A group of supply chain analysts of the company, experts in the field of supply chain 

management were selected to form a committee to set the required level of resilience for the 

supply chain.  Through careful analysis of the performance needs of the company, analyst 

could judge the required level of resilience to be achieved.  

2.2 Linguistic scale of assessment 

The rating scales for the attributes imparting resilience and the assigned weighing are to be 

decided.  Also, the fuzzy numbers associated with each rating scale must be assigned.  These 

linguistic assessments can be converted into fuzzy values and corresponding membership 

functions can be obtained.  Triangular membership functions were taken for associating with 

linguistic ratings and weightings. 

2.3  Calculate the RFI of the supply chain 

Suppose the committee is having m assessors, i.e. At, t = 1, 2, 3…, m, is conducting the 

resilience assessments, let Fj, j = 1, 2, 3… n, corresponds to the factors imparting resilience, 

let Xjt = (ajt, bjt, cjt) be the triangular fuzzy numbers corresponding to the linguistic average 

rating given by the committee At, and let Yjt = (xjt, yjt, zjt) be the triangular fuzzy numbers 

corresponding to the average score obtained for the weight of factors, i.e. 

     (        )  
   ( )   ( ) ( )   

 
       (1) 



6 

 

     (        )  
   ( )   ( ) ( )   

 
       (2) 



T
a

b
le 1

: R
ecen

t litera
tu

re o
n

 resilien
ce in

 su
p

p
ly

 ch
a

in
s 

S
l. 

N
o

. 

A
u

th
o

r(s) 
N

a
tu

re o
f W

o
rk

 
P

ro
b

lem
 A

d
d

ressed
 

K
ey

 F
in

d
in

g
s 

R
em

a
rk

s 

1
. 

M
arg

o
lis et a

l. 

(2
0

1
8

) 

M
u

lti-o
b

jectiv
e 

o
p

tim
izatio

n
 

P
resen

ted
 a m

u
lti-o

b
jectiv

e 

n
etw

o
rk

 d
esig

n
 m

o
d

el an
d

 an
 

o
p

tim
izatio

n
-b

ased
 d

ecisio
n

 

su
p

p
o

rt m
eth

o
d

o
lo

g
y

 fo
r su

p
p

ly
 

ch
ain

 arch
itects 

E
v

alu
ated

 th
e trad

e-o
ff 

b
etw

een
 to

tal n
etw

o
rk

 co
st 

m
in

im
izatio

n
 an

d
 

m
ax

im
izin

g
 o

v
erall su

p
p
ly

 

ch
ain

 n
etw

o
rk

 co
n

n
ectiv

ity
 

B
y

 ev
alu

atin
g
 a co

llectio
n

 o
f 

so
lu

tio
n
s w

ith
 d

ifferen
t co

st 

an
d

 co
n

n
ectiv

ity
 v

alu
es, th

e 

b
est n

etw
o

rk
 co

n
fig

u
ratio

n
 can

 

b
e selected

 

 

2
. 

C
h

en
 et a

l. 

(2
0

1
7

) 

M
ath

em
atical 

m
o

d
ellin

g
 

P
ro

p
o

sed
 a u

n
ified

 fram
ew

o
rk

 

fo
r ev

alu
atin

g
 resilien

ce th
at 

in
tern

alizes d
esig

n
 in

p
u

ts an
d

 is 

flex
ib

le to
 v

ary
in

g
 d

eg
rees o

f 

d
ata av

ailab
ility

 

 

T
h

e fram
ew

o
rk

 cap
tu

res 

risk
s in

v
o

lv
ed

 in
 th

e su
p
p

ly
, 

th
e d

em
an

d
, th

e firm
 an

d
 th

e 

ex
tern

al en
v
iro

n
m

en
t 

M
eth

o
d

 u
sin

g
  b

u
y

er-su
p
p

lier 

relatio
n

sh
ip

s in
 su

p
p

ly
 ch

ain
s 

is d
esig

n
ed

 to
 m

o
d

el n
o

d
e 

in
terd

ep
en

d
en

cies 

3
. 

A
k

k
erm

an
s an

d
 

V
an

 W
assen

h
o

v
e 

(2
0

1
8

) 

C
ase b

ased
 stu

d
y

 
D

iscu
sses o

n
 h

o
w

 su
p

p
ly

 ch
ain

 

tsu
n

am
i u

n
fo

ld
s o

v
er tim

e 

E
ach

 ty
p

e o
f tsu

n
am

i fo
cu

ses 

o
n

 p
arts o

f th
e su

p
p

ly
 ch

ain
 

p
erip

h
ery

, w
h

ere th
e sig

n
als 

o
f d

ev
elo

p
in

g
 tsu

n
am

i can
 b

e 

o
b

serv
ed

 

T
h

e n
o

tio
n

 o
f su

p
p

ly
 ch

ain
 

tsu
n

am
is w

as lin
k

ed
 w

ith
 th

e 

n
eed

 to
 rev

iv
in

g
 strateg

ic 

o
p

eratio
n

s an
d

 su
p

p
ly

 ch
ain

 

m
an

ag
em

en
t 

4
. 

N
ab

eel et a
l. 

(2
0

1
8

) 

C
ase b

ased
 stu

d
y

 
S

tu
d

y
 o

f resilien
ce fo

r tan
talu

m
 

su
p

p
ly

 ch
ain

 

Q
u

an
tificatio

n
 o

f th
e 

u
n

acco
u

n
ted

 tan
talu

m
 su

p
p

ly
 

so
u

rces an
d

 its im
p

act o
n

 th
e 

resilien
ce. 

F
o

u
r o

f th
e resilien

ce 

p
ro

m
o

tin
g

 facto
rs w

ere 

an
aly

zed
 fo

r th
e su

p
p

ly
 ch

ain
 

5
. 

L
ü

ck
er an

d
 

S
eifert (2

0
1

7
) 

M
ath

em
atical 

m
o

d
ellin

g
 

B
u

ild
in

g
 resilien

ce th
ro

u
g

h
 

in
v

en
to

ry
, d

u
al so

u
rcin

g
, an

d
 

ag
ility

 

E
ffect o

f red
u

cin
g

 in
v

en
to

ry
 

w
ith

 d
u

al so
u

rcin
g

 an
d

 

ag
ility

 is in
v
estig

ated
 

T
h

e p
ro

d
u

ctio
n

 rate o
f d

u
al 

so
u

rce can
 d

ecrease in
 th

e 

d
isru

p
tio

n
 tim

e fo
r lo

n
g

 

d
isru

p
tio

n
 tim

es 

6
. 

C
h

en
g

 an
d

 L
u

 

(2
0

1
7

) 

E
m

p
irical stu

d
y

 
S

tu
d

y
 o

f trajecto
ry

 an
d

 

ab
so

rp
tiv

e cap
acity

 in
flu

en
cin

g
 

su
p

p
ly

 ch
ain

 resilien
ce  

Im
p

ro
v

in
g

 p
ro

activ
e an

d
 

reactiv
e d

im
en

sio
n

 o
f su

p
p

ly
 

ch
ain

 resilien
ce  

T
rajecto

ry
 an

d
 reso

u
rce-b

ased
 

p
ersp

ectiv
es w

ere u
sed

 to
 

d
ev

elo
p

 h
y

p
o

th
esis 

 



8
 

 

S
l. 

N
o

. 

A
u

th
o

r(s) 
N

a
tu

re o
f W

o
rk

 
P

ro
b

lem
 A

d
d

ressed
 

K
ey

 F
in

d
in

g
s 

R
em

a
rk

s 

7
. 

P
av

lo
v

 et a
l. 

(2
0

1
8

) 

F
u

zzy
-

p
ro

b
ab

ilistic 

m
o

d
el 

M
easu

rin
g

 su
p

p
ly

 ch
ain

 

resilien
ce 

In
co

rp
o

ratin
g

 rip
p

le effect 

an
d

 stru
ctu

re reco
n

fig
u

ratio
n

 

in
 resilien

ce m
easu

rem
en

t 

A
 su

p
p

ly
 ch

ain
 d

esig
n

 

resilien
ce in

d
ex

 w
as p

ro
p

o
sed

 

an
d

 its ap
p

licatio
n

 w
as 

d
em

o
n

strated
 

 

8
. 

W
an

g
 et a

l. 

(2
0

1
8

) 

M
ath

em
atical 

m
o

d
el b

ased
 o

n
 

n
etw

o
rk

 th
eo

ry
 

P
ro

p
o

sal o
f a th

eo
ry

 fo
r th

e 

m
an

ag
em

en
t o

f su
p

p
ly

 n
etw

o
rk

 

fo
r resilien

ce 

T
h

e m
o

d
el co

n
sid

ers th
e 

in
fo

rm
atio

n
 o

f th
e h

ealth
 

state o
f firm

 an
d

 th
e 

k
n

o
w

led
g

e o
f d

isru
p

tio
n

s 

o
v

er th
e en

tire n
etw

o
rk

  

 

A
 to

o
l w

as d
ev

elo
p

ed
 fo

r th
e 

p
red

ictio
n

 o
f d

isru
p

tio
n

 an
d

 its 

p
ro

p
ag

atio
n

 o
v

er th
e su

p
p

ly
 

n
etw

o
rk

 

9
. 

L
iu

 et a
l. (2

0
1

8
) 

E
m

p
irical stu

d
y

  
S

tu
d

y
 th

e relatio
n

sh
ip

 b
etw

een
 

su
p

p
ly

 ch
ain

 resilien
ce an

d
 firm

 

p
erfo

rm
an

ce 

R
isk

 m
an

ag
em

en
t cu

ltu
re h

as 

p
o

sitiv
e im

p
acts o

n
 ag

ility
, 

in
teg

ratio
n

 an
d

 su
p

p
ly

 ch
ain

 

re-en
g
in

eerin
g

 

 

R
isk

 m
an

ag
em

en
t cu

ltu
re h

as a 

g
reat in

flu
en

ce o
v

er su
p

p
ly

 

ch
ain

 p
erfo

rm
an

ce 

1
0

. 
C

h
o

w
d

h
u

ry
 an

d
 

Q
u

ad
d

u
s (2

0
1

7
) 

E
m

p
irical stu

d
y

 
C

o
n

cep
tu

alizatio
n

 an
d

 scale 

d
ev

elo
p

m
en

t fo
r resilien

ce 

R
esilien

ce is a co
n

stru
ct o

f 

th
ree d

im
en

sio
n

s: p
ro

activ
e 

cap
ab

ility
, reactiv

e cap
ab

ility
 

an
d

 su
p

p
ly

 ch
ain

 d
esig

n
 

q
u

ality
 

 

S
cale fo

r resilien
ce can

 p
red

ict 

su
p

p
ly

 ch
ain

 o
p

eratio
n

al 

v
u

ln
erab

ility
 an

d
 su

p
p

ly
 ch

ain
 

p
erfo

rm
an

ce  

1
1

. 
A

li et a
l. (2

0
1

7
) 

S
y

stem
atic 

literatu
re rev

iew
 

A
n

aly
zed

 th
e co

n
cep

t o
f su

p
p

ly
 

ch
ain

 resilien
ce w

ith
in

 a co
n

cep
t 

m
ap

p
in

g
 fram

ew
o

rk
  

C
lassify

in
g

 d
ifferen

t featu
res 

o
f resilien

ce to
 estab

lish
in

g
 

relatio
n

sh
ip

s an
d

 in
teractio

n
s 

b
etw

een
 th

em
 

 

A
d

d
resses th

e n
eed

 fo
r 

co
n

cep
tu

al clarity
 in

 su
p
p

ly
 

ch
ain

 resilien
ce 

1
2

. 
B

ru
sset an

d
 

T
eller (2

0
1

7
) 

E
m

p
irical stu

d
y

 
A

ch
iev

in
g

 resilien
ce th

ro
u

g
h

 

m
ap

p
in

g
 relatio

n
s b

etw
een

 

p
ractices, reso

u
rces, an

d
 

p
ro

cesses 

T
h

e p
ercep

tio
n

 o
f su

p
p

lier 

risk
 h

elp
s m

o
tiv

ate th
e 

su
p

p
ly

 ch
ain

 m
an

ag
ers to

 

ach
iev

in
g

 h
ig

h
er resilien

ce 

T
h

e p
ercep

tio
n

 o
f ex

tern
al 

risk
s to

 a su
p

p
ly

 ch
ain

 red
u

ces 

th
e effo

rt o
f d

ep
lo

y
in

g
 ex

tern
al 

cap
ab

ilities to
 ach

iev
in

g
 

resilien
ce 



9
 

 

S
l. 

N
o

. 

A
u

th
o

r(s) 
N

a
tu

re o
f W

o
rk

 
P

ro
b

lem
 A

d
d

ressed
 

K
ey

 F
in

d
in

g
s 

R
em

a
rk

s 

1
3

. 
Jain

 et a
l. (2

0
1

7
) 

E
m

p
irical stu

d
y

 
D

ev
elo

p
in

g
 a h

ierarch
y
-b

ased
 

m
o

d
el fo

r su
p

p
ly

 ch
ain

 

resilien
ce 

O
rg

an
izatio

n
s can

 en
h

an
ce 

th
eir resilien

ce p
o

ten
tial b

y
 

m
o

d
ify

in
g

 th
eir strateg

ic 

assets  

 

E
x

p
lain

 th
e d

y
n

am
ics b

etw
een

 

v
ario

u
s en

ab
lers to

 ach
iev

in
g

 

resilien
ce 

1
4

. 
T

u
k

am
u

h
ab

w
a et 

a
l. (2

0
1

7
) 

C
ase b

ased
 

research
 

In
v

estig
ate su

p
p

ly
 ch

ain
 

resilien
ce in

 a d
ev

elo
p
in

g
 

co
u

n
try

 co
n
tex

t an
d

 to
 p

ro
v

id
e 

th
eo

retical in
sig

h
ts to

 th
e 

co
n

cep
t o

f resilien
ce 

T
h

e th
reats o

f d
isru

p
tio

n
, 

resilien
ce strateg

ies an
d

 

o
u

tco
m

es are in
ter-related

 in
 

co
m

p
lex

, co
u

p
led

 an
d

 n
o

n
-

lin
ear w

ay
s 

 

T
h

e in
ter-relatio

n
s are 

ex
p

lain
ed

 b
y

 th
e p

o
litical, 

cu
ltu

ral an
d

 territo
rial 

em
b

ed
d

ed
n

ess o
f th

e su
p
p

ly
 

n
etw

o
rk

  

1
5

. 
M

acd
o

n
ald

 et a
l. 

(2
0

1
8

) 

S
im

u
latio

n
 b

ased
 

stu
d

y
 

D
ev

elo
p

in
g

 a th
ree-co

m
p

o
n

en
t 

fram
ew

o
rk

 aim
ed

 to
 b

u
ild

in
g

 

b
etter th

eo
ries in

 su
p

p
ly

 ch
ain

 

resilien
ce 

T
h

e fram
ew

o
rk

 is an
aly

zed
  

th
ro

u
g

h
 stru

ctu
red

 

ex
p

erim
en

tal d
esig

n
 w

ith
 

d
iscrete-ev

en
t sim

u
latio

n
s  

T
h

e facto
rs o

f sh
o

ck
 in

ter-

arriv
al tim

e, su
p

p
ly

 ch
ain

 

co
n

n
ectiv

ity
 an

d
 b

u
ffer sto

ck
s 

w
ere co

n
sid

ered
 

 

1
6

. 
D

o
n

ad
o

n
i et a

l. 

(2
0

1
8

) 

E
m

p
irical stu

d
y

 
In

v
estig

ated
 th

e relatio
n
sh

ip
 

b
etw

een
 p

ro
d

u
ct co

m
p

lex
ity

, 

d
isru

p
tio

n
 an

d
 p

erfo
rm

an
ce 

u
sin

g
 resilien

ce cap
ab

ilities as 

m
o

d
eratin

g
 v

ariab
les 

 

P
ro

d
u

ct co
m

p
lex

ity
 in

creases 

th
e p

ro
b

ab
ility

 o
f d

isru
p

tio
n

 

o
ccu

rren
ce th

at affects th
e 

p
lan

t p
erfo

rm
an

ce
 

R
esilien

ce allo
w

s su
p

p
ly

 

ch
ain

s to
 red

u
cin

g
 th

e h
arm

fu
l 

effects o
f a d

isru
p

tio
n
 

1
7

. 
R

ib
eiro

 an
d

 

B
arb

o
sa-P

o
v

o
a 

(2
0

1
8

) 

S
y

stem
atic 

literatu
re rev

iew
 

C
o

n
d

u
cted

 stu
d

y
 o

n
 su

p
p

ly
 

ch
ain

 resilien
ce d

efin
itio

n
s to

 

p
ro

p
o

sin
g

 a fram
ew

o
rk

 

R
esearch

 g
ap

s an
d

 fu
tu

re 

d
irectio

n
s in

 q
u

an
titativ

e 

m
o

d
els fo

r su
p

p
ly

 ch
ain

 

resilien
ce is p

ilo
ted

 

 

R
elatio

n
sh

ip
s am

o
n

g
 su

p
p

ly
 

ch
ain

 resilien
ce an

d
 su

p
p

ly
 

ch
ain

 risk
 w

as an
aly

zed
 

1
8

. 
N

am
d

ar et a
l. 

(2
0

1
8

) 

M
ath

em
atical 

m
o

d
ellin

g
 

In
v

estig
ate o

n
 th

e so
u

rcin
g

 

strateg
ies to

 ach
iev

in
g

 su
p

p
ly

 

ch
ain

 resilien
ce u

n
d

er 

d
isru

p
tio

n
s  

S
in

g
le an

d
 m

u
ltip

le so
u
rcin

g
, 

b
ack

u
p

 su
p

p
lier co

n
tracts, 

sp
o

t p
u

rch
asin

g
, an

d
 

co
llab

o
ratio

n
 an

d
 v

isib
ility

 

w
ere co

n
sid

ered
 fo

r stu
d
y

 

B
u

y
er’s w

arn
in

g
 cap

ab
ility

 can
 

p
lay

 a v
ital ro

le in
 en

h
an

cin
g

 

su
p

p
ly

 ch
ain

 resilien
ce 



1
0
 

 

S
l. 

N
o

. 

A
u

th
o

r(s) 
N

a
tu

re o
f W

o
rk

 
P

ro
b

lem
 A

d
d

ressed
 

K
ey

 F
in

d
in

g
s 

R
em

a
rk

s 

 

1
9

. 
R

ajesh
 (2

0
1
8

a) 
C

o
n

cep
tu

al stu
d

y
 

C
o

n
cep

t o
f su

stain
ab

le-resilien
t 

su
p

p
ly

 ch
ain

s is p
ro

p
o

sed
 

D
eco

u
p

lin
g

 p
o

in
t p

o
sitio

n
in

g
 

p
lay

s a m
ajo

r ro
le in

 

d
eterm

in
in

g
 th

e fo
cu

s o
n

 

su
stain

ab
ility

 an
d

 resilien
ce 

 

T
h

e ev
o

lu
tio

n
ary

 seq
u

en
ce o

f 

su
p

p
ly

 ch
ain

s w
as stu

d
ied

 w
ith

 

resp
ect to

 th
e p

o
sitio

n
in

g
 o

f 

p
artitio

n
 lin

e 

2
0

. 
R

ajesh
 (2

0
1
8

b
) 

C
o

n
cep

tu
al stu

d
y
 

C
o

n
cep

t o
f p

seu
d

o
 resilien

t 

su
p

p
ly

 ch
ain

s is p
ro

p
o

sed
 

R
elatio

n
s to

 su
p

p
ly

 ch
ain

 

v
u

ln
erab

ility
, resilien

ce an
d

 

p
seu

d
o

 resilien
ce w

as 

id
en

tified
 

 

T
h

e traits o
f p

seu
d

o
 resilien

ce 

in
 su

p
p

ly
 ch

ain
s w

ere 

id
en

tified
 an

d
 a d

isru
p

tio
n

 

an
aly

sis is d
o

n
e 

2
1

. 
R

ajesh
 (2

0
1
8

c) 
G

rey
 d

ecisio
n

-

m
ak

in
g

 m
o

d
el 

T
h

e b
arriers to

 resilien
ce in

 

su
p

p
ly

 ch
ain

s w
ere q

u
an

tified
 

B
arriers to

 resilien
ce w

ere 

id
en

tified
 an

d
 g

ro
u

p
ed

 in
to

 

classes b
ased

 o
n

 th
eir 

im
p

o
rtan

ce 

 

M
easu

rin
g

 an
d

 m
an

ag
in

g
 th

e 

b
arriers to

 resilien
ce can

 

red
u

ce th
e v

u
ln

erab
ilities in

 

su
p

p
ly

 ch
ain

s 

2
2

. 
R

ajesh
 (2

0
1
9

) 
G

rey
 p

red
ictio

n
 

m
o

d
ellin

g
 

S
o

cial an
d

 en
v

iro
n

m
en

tal risk
 

m
an

ag
em

en
t in

 resilien
t su

p
p

ly
 

ch
ain

s w
as stu

d
ied

 

A
 g

rey
- V

erh
u

lst m
o

d
el h

as 

b
een

 im
p

lem
en

ted
 to

 stu
d

y
 

th
e d

riv
ers o

f so
cial an

d
 

en
v

iro
n

m
en

tal risk
 

m
an

ag
em

en
t   

M
o

d
el can

 b
e u

sed
 to

 stu
d

y
 

p
erio

d
ical d

ata w
ith

 satu
rated

 

sig
m

o
id

al ten
d

an
ces 

2
3

. 
L

i et a
l. (2

0
1

7
) 

S
im

u
latio

n
 stu

d
y

 
E

ffect o
f in

fo
rm

atio
n

 sh
arin

g
 o

n
 

su
p

p
ly

 ch
ain

  resilien
ce w

as 

stu
d

ied
 

P
erfo

rm
an

ce co
m

p
ariso

n
 fo

r 

th
ree o

rd
erin

g
 p

o
licies w

ere 

stu
d

ied
 fo

r a th
ree ech

elo
n

 

su
p

p
ly

 ch
ain

 

T
h

e ro
le o

f in
fo

rm
atio

n
 sh

arin
g

 

b
eco

m
e sig

n
ifican

t d
u
rin

g
 

sh
o

ck
s o

r d
isru

p
tio

n
s 

 



T
a

b
le 2

: S
tra

teg
ies a

n
d

 a
ttrib

u
tes fo

r b
u

ild
in

g
 resilien

ce 

 
S

l. 

N
o
 

S
tra

teg
y

 
A

ttrib
u

tes 
R

elev
a

n
t L

itera
tu

re  
R

em
a

rk
s 

A
. 

S
u

p
p

ly
 ch

a
in

 risk
 a

ssessm
en

t 
 

W
ielan

d
 an

d
 W

allen
b

u
rg

 (2
0

1
2

); 

P
u

n
n

iy
am

o
o

rth
y

 et a
l. (2

0
1

3
) 

K
n

o
w

led
g

e 
o

f 
th

e 
n

etw
o

rk
 

o
f 

su
p

p
liers 

to
 

th
e 

d
o

w
n

stream
 cu

sto
m

ers.  

1
. 

 
S

u
p

p
ly

 risk
  

C
h

en
 et a

l. (2
0

1
3

); G
o

v
in

d
an

 an
d

 Jep
sen

 

(2
0
1

5
) 

C
o

m
p

an
ies w

ith
 m

u
ltip

le tim
e zo

n
es an

d
 reg

u
latio

n
 

h
av

e sev
ere su

p
p

lier risk
s. 

2
. 

 
P

ro
cess risk

  
Z

h
ao

 et a
l. (2

0
1

3
); D

ek
k

er et a
l. (2

0
1

3
) 

R
isk

 
assessm

en
ts 

are 
essen

tially
 

to
 

b
e 

carried
 

fo
r 

m
o

re co
m

p
lex

 p
ro

cesses. 

3
. 

 
D

em
an

d
 risk

  
S

am
v

ed
i et a

l. (2
0

1
3

); B
ish

 an
d

 C
h

en
 

(2
0
1

5
) 

D
em

an
d

 
risk

 
o

ccu
rs 

w
h

en
 

d
em

an
d

s 
ex

ceed
 

o
r 

fall 

sh
o

rt o
f ex

p
ectatio

n
s.  

4
. 

 
C

o
n

tro
l risk

  
Jacx

sen
s et a

l. (2
0

1
0

); P
o

w
er (2

0
1

1
) 

 

T
h

e risk
s th

at ex
ert co

n
tro

l o
v

er p
ro

cesses sh
o

u
ld

 b
e 

estim
ated

. 

5
. 

 
E

n
v

iro
n

m
en

tal risk
  

W
an

g
 et a

l. (2
0

1
2
); D

ü
es et a

l. (2
0

1
3

) 
P

ressu
res 

o
r 

ch
an

g
es 

in
 

en
v

iro
n

m
en

tal 
co

n
d

itio
n

s 

en
su

in
g

 fro
m

 h
u

m
an

 activ
ities. 

6
. 

 
V

u
ln

erab
ility

 ch
eck

s  
C

h
an

 an
d

 L
arsen

 (2
0

1
0

); L
iu

 an
d

 Z
h

u
an

g
 

(2
0
1

3
) 

R
ev

iew
s 

en
h

an
ce 

b
u

sin
ess 

v
isib

ility
 

to
 

risk
s 

fo
r 

reactin
g
 to

 th
em

 effectiv
ely

. 

B
. 

S
tra

teg
y

 fo
cu

sed
 co

lla
b

o
ra

tio
n

 

a
n

d
 co

n
tro

l 

 
R

o
ss, D

. F
. (2

0
1

3
); H

in
es (2

0
1

4
) 

In
creases risk

 h
ed

g
in

g
 cap

ab
ilities o

f su
p

p
ly

 ch
ain

s.  

1
. 

 
P

lan
n

in
g

 fo
r co

n
tin

g
en

cies  
D

an
ese (2

0
1

1
);C

h
o

p
ra an

d
 S

o
d

h
i (2

0
1

2
) 

Id
en

tify
in

g
 

b
ack

-u
p

 
tech

n
o

lo
g

ies, 
d

ev
elo

p
in

g
 

altern
ate su

p
p

ly
 ch

ain
 strateg

ies. 

2
. 

 
C

o
n

n
ected

n
ess 

W
isn

er et a
l. (2

0
1

5
); S

tad
tler (2

0
1
5

) 
C

o
n

n
ected

n
ess 

is 
th

e 
b

eh
av

io
r 

to
 b

en
d
 
to

g
e
th

er 
fo

r 

red
u

cin
g

 w
astefu

l serv
ices  

3
. 

 
C

o
llab

o
rativ

e P
lan

n
in

g
, 

F
o

recastin
g

, R
ep

len
ish

m
en

t (C
P

F
R

) 

M
en

tzer et a
l. (2

0
1

1
); C

h
en

 et a
l. (2

0
1

3
) 

In
teractio

n
s w

ith
 p

artn
ers in

 p
lan

n
in

g
, fo

recastin
g

 an
d

 

rep
len

ish
m

en
t. 

4
. 

 
S

u
p

p
ly

 ch
ain

 in
tellig

en
ce 

K
w

ak
 an

d
 G

av
irn

en
i (2

0
1
4

); S
o

n
g

 an
d

 

P
aro

la (2
0

1
5

) 

In
creasin

g
 th

e lev
el o

f k
n

o
w

led
g

e created
 an

d
 sh

ared
 

am
o

n
g

 p
artn

ers 

C
. 

A
g

ility
 a

n
d

 resp
o

n
siv

en
ess in

 

su
p

p
ly

 ch
a

in
s 

 
W

ielan
d

 an
d

 W
allen

b
u
rg

 (2
0

1
2

); W
illiam

s 

et a
l. (2

0
1

3
) 

P
resen

ce o
f ag

ile p
artn

ers in
 su

p
p

ly
 ch

ain
 en

h
an

ces 

th
e resilien

ce cap
ab

ilities. 

1
. 

 
V

isib
ility

  
X

iao
 an

d
 Q

i (2
0

0
8

); L
ee et a

l. (2
0

1
4

) 
V

isib
ility

 
is 

h
av

in
g

 
a 

v
iv

id
 

v
iew

 
o

f 
su

p
p

ly
 

ch
ain

 

in
v

en
to

ries an
d

 o
th

er settin
g

s. 

2
. 

 
V

elo
city

  
Jü

ttn
er an

d
 M

ak
lan

 (2
0

1
1

); C
h

o
i et a

l. 

(2
0
1

3
) 

 P
ip

elin
e 

tim
es 

sh
o
u

ld
 

b
e 

red
u

ced
 

to
 

resp
o

n
d

 
to

 

flu
ctu

atin
g

 d
em

an
d

s o
r su

p
p

lies. 

3
. 

 
A

b
o

litio
n

 o
f  fu

n
ctio

n
al silo

s 
B

ak
k

er (2
0
1

2
); N

ew
 (2

0
1

5
) 

S
eco

n
d

 g
u

esses d
u

e to
 fu

n
ctio

n
al silo

s restrict p
ro

p
er 

co
m

m
u

n
icatio

n
. 



1
2
 

 

S
l. 

N
o
 

S
tra

teg
y

 
A

ttrib
u

tes 
R

elev
a

n
t L

itera
tu

re  
R

em
a

rk
s 

4
. 

 
S

tro
n
g

 su
p

p
ly

 b
ase  

P
ero

 et a
l.(2

0
1

0
); Z

ig
g

ers an
d
 H

en
seler 

(2
0
1

5
) 

H
av

in
g

 
a 

lead
 

su
p
p

lier 
alo

n
g

 
w

ith
 

altern
ativ

e 

su
p

p
liers av

ailab
le at em

erg
en

cy
. 

5
. 

 
R

ed
u

ctio
n

 o
f n

o
n
-v

alu
e ad

d
ed

 tim
e 

P
au

l et a
l. (2

0
1

0
); S

ig
ari an

d
 C

lark
 (2

0
1

3
) 

N
o

n
-v

alu
e 

ad
d

ed
 

tim
e 

related
 

each
 

su
p

p
ly

 
ch

ain
 

p
ro

cesses n
eed

 to
 b

e red
u

ced
.  

D
. 

F
lex

ib
le su

p
p

ly
 ch

a
in

s 
 

S
in

g
h

 an
d

 S
h

arm
a (2

0
1

4
); B

lo
m

e et a
l. 

(2
0
1

4
) 

M
ak

e 
th

e 
su

p
p

ly
 

ch
ain

 
cap

ab
le 

o
f 

resp
o
n

d
in

g
 

to
 

flu
ctu

atin
g

 d
em

an
d

s. 

1
. 

 
S

tan
d

ard
izatio

n
 

L
ee (2

0
1

1
); C

o
stin

o
t et a

l. (2
0

1
3

) 
In

v
en

to
ry

 
red

u
ctio

n
 

b
y

 
u

se 
o

f 
in

terch
an

g
eab

le 
an

d
 

stan
d

ard
 p

arts in
 p

ro
d

u
cts. 

2
. 

 
P

arallel p
ro

cesses 
D

ro
g

e et a
l. (2

0
1

2
); S

erd
arasan

 (2
0

1
3

) 
A

 co
n

cu
rren

t p
ro

cess in
stead

 o
f seq

u
en

tial p
ro

cesses 

red
u

ces b
o

ttlen
eck

s. 

3
. 

 
P

o
stp

o
n

em
en

t v
erd

icts 
M

ersch
m

an
n

 an
d

 T
h

o
n

em
an

n
 (2

0
1

1
); 

S
ch

w
artz an

d
 V

o
ß

 (2
0
1

4
) 

D
elay

in
g

 
m

an
u

factu
rin

g
 

o
f 

a 
p

ro
d

u
ct 

u
n

til 
ex

act 

sp
ecificatio

n
s are av

ailab
le.   

4
. 

 
S

u
p

p
ly

 ch
ain

 efficien
cy

 
C

h
o

p
ra an

d
 S

o
d

h
i (2

0
1

2
); D

ro
g

e et 

a
l.(2

0
1

2
) 

Ju
st-in

-tim
e p

ro
d

u
ctio

n
 sy

stem
s an

d
 lo

g
istic su

p
p

lier 

n
ets im

p
ro

v
es efficien

cy
. 

E
. 

S
u

p
p

ly
 ch

a
in

 risk
 m

a
n

a
g

em
en

t 

cu
ltu

re 

 
P

o
n

o
m

aro
v

 an
d

 H
o

lco
m

b
 (2

0
0

9
); W

ielan
d

 

an
d

 W
allen

b
u

rg
 (2

0
1

2
) 

R
isk

 assessm
en

ts sh
o
u

ld
 b

e m
ad

e a fo
rm

al p
art o

f all 

d
ecisio

n
 m

ak
in

g
 situ

atio
n

s.  

1
. 

 
A

lig
n

in
g

 task
s 

B
rian

o
 et a

l. (2
0

0
9
); 

T
h
o

m
as et a

l.(2
0

1
1

) 

C
reatin

g
 

aw
aren

ess 
am

o
n

g
 

em
p

lo
y

ees 
fo

r 
alig

n
in

g
 

th
eir w

o
rk

.  

2
. 

 
C

o
n

tin
u

ity
 m

an
ag

em
en

t 
V

ah
d

an
i et a

l. (2
0
1

1
); B

o
o

n
e et a

l. (2
0

1
3

) 
R

isk
 

m
an

ag
em

en
t 

task
s 

are 
to

 
b

e 
en

h
an

ced
 

to
 

co
n

tin
u

ity
 m

an
ag

em
en

t p
ractices. 

3
. 

 
D

istrib
u

ted
 p

o
w

er 
L

aan
ti (2

0
1
3

); H
o

ejm
o

se et a
l. (2

0
1

3
) 

A
u

th
o

rizes p
o
w

er to
 each

 an
d

 ev
ery

 em
p

lo
y
ee to

 act 

in
 cases o

f em
erg

en
cy

.  

4
. 

 
D

isru
p

tio
n

s co
n

d
itio

n
in

g
 

G
o

sw
am

i et a
l. (2

0
1

3
); P

ettit et a
l. (2

0
1

3
) 

B
u

ild
 lo

n
g

-term
 strateg

y
 p

lan
n

in
g

 alo
n

g
 w

ith
 

resp
o

n
ses to

 sh
o

rt-term
 d

isru
p
tio

n
s. 

    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Building blocks of resilience 
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Figure 2: Flow chart representation of resilience assessment and improvement 
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 Resilient Fuzzy Index (RFI) consolidates the fuzzy ratings and the fuzzy weights of all 

the factors influencing resilience.  Let Xj, j = 1, 2, 3…, n, denote average fuzzy rating and Yj, j 

= 1, 2, 3…, n, denote the average fuzzy weight given to factor j by the assessment committee, 

then RFI is calculated as follows, 

     ∑ (  ( )
 
     ) ∑   

 
           (3) 

The membership function of RFI as shown in Figure 3 can be represented as follows; 

    ( )  

{
 
 

 
 

                     
( - )

( - )
                 

( - )

( - )
                 

                     

         (4) 

 

Figure 3: Triangular Membership function for RFI (a, b, c) 

 

2.4 Matching the fuzzy rating with a linguistic expression 

After calculating RFI, membership function of the RFI is to be matched with some natural 

linguistic set of resilience labels.  In this research, we use the Euclidian distance method to 

identify where actually does the resilience level match with the linguistic label.  Assume the 

linguistic expression level of resilience is the set RSi.  Let the membership functions be MRFI 

and MRSi for RFI and linguistic level i, respectively. 
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The distance between MRFI and MRSi can be calculated as, 

  (       )  {∑ (    ( )      
( ))    }

   
      (5) 

where, p = {x0, x1, …, xm}   [0,1], such that 0 = x0< x1< …. <xm = 1. For ease of calculation, 

p is taken as, p = {0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.7, 0.75, 

0.8, 0.85, 0.9, 0.95, 1}. After calculating the Euclidian distance, the linguistic expression with 

the shortest distance is identified to be as the level of resilience closeness of the supply chain. 

2.5 Rating the performance indices of resilient factors 

Determination of resilience level helps in identifying the hindrances in attaining required 

level of resilience.  In order to improve the level of resilience, a Performance Fuzzy Index 

(PFI) has been developed that combines both the performance rating and weights of 

attributes contributing to resilience.  For the calculation of PFI, if the importance weights (Yj) 

are directly taken, it will neutralize performance ratings.  So a transformation [(1, 1, 1) (-) Yj] 

is made to reduce the impact of weight Yj.  A Merit Fuzzy Index (MFI) is calculated that 

indicates the contribution of each resilient attribute towards supply chain resilience as, 

       ( )[(     )( )  ]         (6) 

 As the fuzzy numbers do not always give comparable sets, they should be ranked. The 

fuzzy numbers are ranked here by the left and right scoring method (Chen et al., 2003; Lin et 

al., 2006), as it considers the absolute location of each fuzzy number along with which it 

keeps the ranking order.  The fuzzy minimizing and maximizing sets are respectively defined 

as,    ( )  {
         
             

        (7) 

    ( )  {
           
                      

        (8) 

 Let MPFI be the triangular membership function for a fuzzy number PFI defined as 

MPFI: R      .  The left and right scores for a triangular fuzzy value, PFI is obtained using 

the left- right scoring method that is shown in Figure 4. 
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Then the right and left scores are obtained respectively, as  

   (   )  
   
  
     ( )     ( ) ,       (9) 

   (   )  
   
  
     ( )     ( ) ,                                      (10) 

where   is a minimal operator.  The total score is obtained by combining the left and right 

scores, i.e.   (   )      (   )     (   )                 (11) 

 

 

Figure 4: Left and right scores for PFI 

 

3. A real case company example 

The proposed framework in this research was tested in an electronics manufacturing company 

‘XYZ’ in India.  XYZ’s global supply chain has raw material extraction and processing on its 

one end and component manufacturing and final product assembly at the other.  A global 

manufacturing network indeed increases the risks associated and the vulnerability of their 

supply chain.  XYZ’s supply chain recently faced a critical shortage for a particular 

component due to problems with indirect suppliers.  Subsequently, XYZ planned to assess 

their level of resilience for better managing their impending vulnerabilities.   
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 In this research, a step by step procedure has been implemented to measure the resilience 

and to understand the actual resilience position in linguistic measures for XYZ.  The 

procedure in brief, involves the calculation of RFI that indicates the level in resilience where 

the supply chain of XYZ stands and PFI that reflects the influence of a factor on supply chain 

resilience. The case study allows us to understand the implications and limitations of this 

research from a practical setting.  The step by step procedure is elaborated as follows: 

Step1: A committee of five supply chain analysts was formed for rating the attributes listed in 

Table 2 to assess resilience of the case supply chain.  The analysts selected were experts in 

the field with more than ten years of working experience in the area of supply chains.  

Step2: The committee rated the attributes on linguistic scales varying from Worst to Excellent 

and the weights of attributes were also determined on a scale varying from Very Low to Very 

High.  The rating scale varies as Worst [W], Very Poor [VP], Poor [P], Fair [F], Good [G], 

Very Good [VG] and Excellent [E].  The weighting scale varies as Very Low [VL], Low [L], 

Fairly Low [FL], Medium [M], Fairly High [FH], High [H] and Very High [VH], as detailed 

in Table 3.  

Table 3: Linguistic assessment and the associated triangular fuzzy numbers 

 
Rating of attributes 

Linguistic assessment Associated fuzzy numbers 

Worst (0, 0.05, 0.15) 

Very Poor (0.1, 0.2, 0.3) 

Poor (0.2, 0.35, 0.5) 

Fair (0.3, 0.5, 0.7) 

Good (0.5, 0.65, 0.8) 

Very Good (0.7, 0.8, 0.9) 

Excellent (0.85, 0.95, 1.0) 

Weights of attributes 

Linguistic assessment Associated fuzzy numbers 

Very Low (0, 0.05, 0.15) 

Low (0.1, 0.2, 0.3) 

Fairly Low (0.2, 0.35, 0.5) 

Medium (0.3, 0.5, 0.7) 

Fairly High (0.5, 0.65, 0.8) 

High (0.7, 0.8, 0.9) 

Very High (0.85, 0.95, 1.0) 
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Step3: The fuzzy ratings and the fuzzy weights obtained were aggregated to mean values by 

applying equation (1) and (2) that are shown in Tables 4 and 5, respectively.  Resilience 

performance is evaluated for the all attributes listed in Table 2.  The value of RFI is obtained 

considering the attributes by applying equation (3).  The rating and weightings given by 

assessors are as follows, where Xj denotes the analyst’s rating and Yj denotes the analyst’s 

assessment of weightings based on their importance in imparting resilience in the supply 

chain.  

Table 4: Rating of attributes by supply chain analysts 

 
 

Attributes 

                          Performance Rating (Xjt) Average Fuzzy Performance 

Rating (Xj) Xj1 Xj2 Xj3 Xj4 Xj5 

SCRAA1
* E E E VG E (0.82, 0.92, 0.98) 

SCRAA2 VG E E E E (0.82, 0.92, 0.98) 

SCRAA3 E E E E E (0.85, 0.95, 1) 

SCRAA4 E E E VG VG      (0.79, 0.89, 0.96) 

SCRAA5 E E E VG E (0.82, 0.92, 0.98) 

SCRAA6 VG VG E VG E (0.76, 0.86, 0.94) 

SCRA B1 VG VG VG G VG (0.66, 0.77, 0.88) 

SCRAB2 E VG VG VG VG (0.73, 0.83, 0.92) 

SCRA B3 G G VG E VG (0.65, 0.77, 0.88) 

SCRAB4 VG E VG E E (0.79, 0.89, 0.96) 

SCRAC1 VG VG E VG E (0.76, 0.86, 0.94) 

SCRAC2 G G VG G VG (0.58, 0.71, 0.84) 

SCRAC3 F F E F G (0.45, 0.62, 0.78) 

SCRAC4 E E VG E E (0.82, 0.92, 0.98) 

SCRAC5 VG VG VG VG VG (0.7, 0.8, 0.9) 

SCRAD1 E E E G E (0.78, 0.89, 0.96) 

SCRAD2 G G VG VG G (0.58, 0.71, 0.84) 

SCRAD3 F F F E F (0.41, 0.59, 0.76) 

SCRAD4 VG VG VG G VG (0.66, 0.77, 0.88) 

SCRAE1 G G F VG VG (0.54, 0.68, 0.82) 

SCRAE2 VG VG VG VG E (0.73, 0.83, 0.92) 

SCRAE3 E E VG E E (0.82, 0.92, 0.98) 

SCRAE4 VG VG E VG VG (0.73, 0.83, 0.92) 
* SCRAA1, where ‘A’ indicates the main attribute ‘Understanding of associated supply chain risks’ and ‘1’ 

indicate the sub-attribute ‘Supply risk assessment’ as in Table. 1. Similarly other elements of table can be read.        

 

Table 5: Weights for attributes assigned by supply chain analysts 

 
 

Attributes 

                        Weight of Factors (Yit) Average Fuzzy Weight 

(Yj) Yj1 Yj2 Yj3 Yj4 Yj5 

SCRAA1 VH VH VH H VH (0.82, 0.92, 0.98) 

SCRAA2 VH VH VH VH VH (0.85, 0.95, 1) 

SCRAA3 VH VH VH VH VH (0.85, 0.95, 1) 

SCRAA4 VH VH VH H H (0.79, 0.89, 0.96) 

SCRAA5 VH VH VH H VH (0.82, 0.92, 0.98) 
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Attributes 

                        Weight of Factors (Yit) Average Fuzzy Weight 

(Yj) Yj1 Yj2 Yj3 Yj4 Yj5 

SCRAA6 H H H H VH (0.73, 0.83, 0.92) 

SCRAB1 H H H FH H (0.66, 0.77, 0.88) 

SCRAB2 H H FH H H (0.66, 0.77, 0.88) 

SCRAB3 FH FH H VH H (0.65, 0.77, 0.88) 

SCRAB4 VH VH H VH VH (0.82, 0.92, 0.98) 

SCRAC1 H H VH H VH (0.76, 0.86, 0.94) 

SCRAC2 FH FH H FH H (0.58, 0.71, 0.84) 

SCRAC3 M M VH M FH (0.45, 0.62, 0.78) 

SCRAC4 VH VH H VH VH (0.82, 0.92, 0.98) 

SCRAC5 H H H H H (0.7, 0.8, 0.9) 

SCRAD1 VH VH VH FH VH (0.78, 0.89, 0.96) 

SCRAD2 FH FH H H FH (0.58, 0.71, 0.84) 

SCRAD3 M M FH VH M (0.45, 0.62, 0.78) 

SCRAD4 H H VH FH H (0.69, 0.8, 0.9) 

SCRAE1 FH FH VH H FH (0.61, 0.74, 0.86) 

SCRAE2 H H VH H H (0.73, 0.83, 0.92) 

SCRAE3 VH VH H VH VH (0.82, 0.92, 0.98) 

SCRAE4 H H VH H H (0.73, 0.83, 0.92) 

 

The RFI of the supply chain is calculated as, RFI   (0.648, 0.748, 0.835) 

Step4: The RFI value was matched with a linguistic level expression set for the level of 

resilience (RS) = {Definitely Resilient (DR), Extremely Resilient (ER), Very Resilient (VR), 

Highly Resilient (HR), Resilient (R), Fairly Resilient (FR), Slightly Resilient (SR), Low 

Resilient (LR), Slowly Resilient (S) and the Euclidian distance of the membership functions is 

calculated for RFI from each linguistic level using equations (4) and (5) that is shown in 

Table 6. 

Table 6: Euclidean distance of RSi from RFI 

 

p MRFI MRS S MRS  LR MRS  SR MRS  FR MRS  R MRS  HR MRS  VR MRS  ER MRS  DR 

0 0 0 0 0 0 0 0 0 0 0 
0.05 0 0.5 0 0 0 0 0 0 0 0 
0.1 0 1 0 0 0 0 0 0 0 0 

0.15 0 0.5 0.5 0 0 0 0 0 0 0 
0.2 0 0 1 0 0 0 0 0 0 0 

0.25 0 0 0.5 0.5 0 0 0 0 0 0 
0.3 0 0 0 1 0 0 0 0 0 0 

0.35 0 0 0 0.5 0.5 0 0 0 0 0 
0.4 0 0 0 0 1 0 0 0 0 0 

0.45 0 0 0 0 0.5 0.5 0 0 0 0 
0.5 0 0 0 0 0 1 0 0 0 0 

0.55 0 0 0 0 0 0.5 0.5 0 0 0 
0.6 0 0 0 0 0 0 1 0 0 0 

0.65 0 0 0 0 0 0 0.5 0.5 0 0 
0.7 0 0 0 0 0 0 0 1 0 0 

0.75 0.226 0 0 0 0 0 0 0.5 0.5 0 
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p MRFI MRS S MRS  LR MRS  SR MRS  FR MRS  R MRS  HR MRS  VR MRS  ER MRS  DR 

0.8 0.698 0 0 0 0 0 0 0 1 0 
0.85 0.791 0 0 0 0 0 0 0 0.5 0.5 
0.9 0.209 0 0 0 0 0 0 0 0 1 

0.95 0 0 0 0 0 0 0 0 0 0.5 
1 0 0 0 0 0 0 0 0 0 0 

Euclidian distance 1.6455 1.6455 1.6455 1.6455 1.6455 1.6455 1.5753 0.5428 1.2242 

 

 The values MRFI, MRS S, …, MRS DR represents the membership functions of the values of 

RFI and the natural language resilient expression level of resilience RS varying from S to DR. 

The Euclidian distance calculated is found to be the least with ER. So the supply chain taken 

in this case for electronics manufacturing company XYZ is found to be matching with the 

‘Extremely Resilient’ status. The matching of triangular fuzzy resilient index with the 

assigned linguistic labels is shown in Figure 5.  

 

Figure 5: Matching RFI with linguistic ratings 

Step 5: For calculating the Performance Fuzzy Index (PFI), equation (6) is employed.  For 

obtaining a total membership function for PFI, equations (7) to (11) are used and the ranking 

score is calculated for the factors.  The supply chain analyst committee identified factors with 

the lowest PFI values as critical contributing towards resilience. i.e. SCRAA2, SCRAA3 and 

SCRAB4 (Process risk level estimation, Demand risk assessment and Supply chain 

intelligence, respectively).  The ranking score is shown in Table 7.  These factors need urgent 

attention for improving the supply chain resilience. 
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Table 7: Ranking of attributes 

Attributes 

Average Fuzzy 

Weight (Yj) 

Average Fuzzy  

Performance 

Rating (Xj) (1-Yj)(*)Xj 

Left score 

(ML(PFI)) 

Right 

score 

(MR(PFI)) 

Total score 

(MT (PFI)) 

SCRAA1 (0.82, 0.92, 0.98) (0.82, 0.92, 0.98) (0.148, 0.074, 0.02) 0.0211 0.9201 0.0505 

SCRAA2 (0.85, 0.95, 1) (0.82, 0.92, 0.98) (0.123, 0.046, 0) 0 0.9502 0.0249 

SCRAA3 (0.85, 0.95, 1) (0.85, 0.95, 1) (0.128,0.048, 0) 0 0.9478 0.0261 

SCRAA4 (0.79, 0.89, 0.96) (0.79, 0.89, 0.96) (0.166, 0.098, 0.038) 0.0404 0.8948 0.0728 

SCRAA5 (0.82, 0.92, 0.98) (0.82, 0.92, 0.98) (0.148, 0.074, 0.02) 0.0211 0.9201 0.0505 

SCRAA6 (0.73, 0.83, 0.92) (0.76, 0.86, 0.94) (0.205, 0.146, 0.075) 0.0807 0.8448 0.1179 

SCRAB1 (0.66, 0.77, 0.88) (0.66, 0.77, 0.88) (0.224, 0.177, 0.106) 0.1141 0.8143 0.1499 

SCRAB2 (0.66, 0.77, 0.88) (0.73, 0.83, 0.92) (0.248, 0.191, 0.11) 0.1197 0.7975 0.1611 

SCRAB3 (0.65, 0.77, 0.88) (0.65, 0.77, 0.88) (0.223, 0.177, 0.106) 0.1141 0.8135 0.1503 

SCRAB4 (0.82, 0.92, 0.98) (0.79, 0.89, 0.96) (0.142, 0.071, 0.019) 0.0200 0.9236 0.0482 

SCRAC1 (0.76, 0.86, 0.94) (0.76, 0.86, 0.94) (0.182, 0.12, 0.056) 0.0598 0.8721 0.0939 

SCRAC2 (0.58, 0.71, 0.84) (0.58, 0.71, 0.84) (0.244, 0.206, 0.134) 0.1444 0.7859 0.1793 

SCRAC3 (0.45, 0.62, 0.78) (0.45, 0.62, 0.78) (0.248, 0.236, 0.172) 0.1838 0.7611 0.2113 

SCRAC4 (0.82, 0.92, 0.98) (0.82, 0.92, 0.98) (0.148, 0.074, 0.02) 0.0211 0.9201 0.0505 

SCRAC5 (0.7, 0.8, 0.9) (0.7, 0.8, 0.9) (0.21, 0.16, 0.09) 0.0968 0.8316 0.1326 

SCRAD1 (0.78, 0.89, 0.96) (0.78, 0.89, 0.96) (0.172, 0.098, 0.038) 0.0404 0.8942 0.0731 

SCRAD2 (0.58, 0.71, 0.84) (0.58, 0.71, 0.84) (0.244, 0.206, 0.134) 0.1444 0.7859 0.1793 

SCRAD3 (0.45, 0.62, 0.78) (0.41, 0.59, 0.76) (0.226, 0.224, 0.167) 0.1771 0.7756 0.2008 

SCRAD4 (0.69, 0.8, 0.9) (0.66, 0.77, 0.88) (0.205, 0.154, 0.088) 0.0942 0.8377 0.1282 

SCRAE1 (0.61, 0.74, 0.86) (0.54, 0.68, 0.82) (0.211, 0.177, 0.115) 0.1226 0.8168 0.1529 

SCRAE2 (0.73, 0.83, 0.92) (0.73, 0.83, 0.92) (0.197, 0.141, 0.074) 0.0793 0.8506 0.1143 

SCRAE3 (0.82, 0.92, 0.98) (0.82, 0.92, 0.98) (0.148, 0.074, 0.02) 0.0211 0.9201 0.0505 

SCRAE4 (0.73, 0.83, 0.92) (0.73, 0.83, 0.92) (0.197, 0.141, 0.074) 0.0793 0.8506 0.1143 

 

 

4. Results and Discussion 

 We have taken five supply chain strategies and twenty three attributes of resilience in this 

research with typical focus on electronics manufacturing firms.  A seven point scale of rating 

was judiciously assigned to rate the quantitative and qualitative attributes of resilience.  By 

calculating RFI, it is possible to identify the level of resilience of a supply chain and thus the 

level of vulnerability of supply chain could also be determined.  PFI helps in finding the level 

of contribution of an attribute towards the supply chain resilience.  From the values of PFI, it 

is possible to identify the critical attributes contributing to the resilience of supply chain as a 

whole.  Also it is possible to identify the attributes contributing least towards the resilience of 

supply chain. 

 The critical attributes highly contributing to the supply chain resilience needs urgent 

attention and the attributes are identified as SCRAA2, SCRAA3 & SCRAB4 (Process risk level 

estimation, Demand risk assessment and Supply chain intelligence, respectively).  However, 
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the company XYZ needs to improve in some areas for improving its resilience. The four 

factors with the highest values of PFI need to be improved for increasing the level of 

resilience. These factors are identified as SCRAC3, SCRAD3, SCRAC2 and SCRAD2 (Abolition of 

functional silos, Postponement verdicts, Velocity and Parallel processes, respectively).  

 How far resilience of supply chain can be improved by improving the rating of factors 

SCRAC3, SCRAD3, SCRAC2 and SCRAD2? To answer this question, sensitivity analysis was 

carried out. The improved values of RFI (RFIj
*
) by improving the average fuzzy ratings (Xj

*
) 

for factors j are shown in Table 8.  The maximum performance rating the factors can achieve 

and the corresponding values of RFIj
*
 are given in the last row of Table 8.  The improvement 

in the level of resilience by maximum improvement in the rating of factor SCRAC3 is shown 

in Figure 6.  

Table 8: Sensitivity analysis 

 

Sl 

No. 

Improved Average 

Rating (Xj*) 

Improved RFI (RFIj
*
) for sub- attributes j 

SCRAC3 SCRAD3 SCRAC2 

 

SCRAD2 

1 (0.60, 0.70, 0.80) (0.730, 0.834, 0.919) (0.731, 0.835, 0.920) (0.727, 0.831, 0.916) (0.727, 0.831, 0.916) 

2 (0.60, 0.75, 0.80) (0.730, 0.836, 0.919) (0.731, 0.837, 0.920) (0.727, 0.833, 0.916) (0.727, 0.833, 0.916) 

3 (0.60, 0.75, 0.85) (0.730, 0.836, 0.921) (0.731, 0.837, 0.921) (0.727, 0.833, 0.918) (0.727, 0.833, 0.918) 

4 (0.65, 0.75, 0.85) (0.732, 0.836, 0.921) (0.733, 0.837, 0.921) (0.729, 0.833, 0.918) (0.729, 0.833, 0.918) 

5 (0.65, 0.80, 0.85) (0.732, 0.837, 0.921) (0.733, 0.838, 0.921) (0.729, 0.835, 0.918) (0.729, 0.835, 0.918) 

6 (0.65, 0.80, 0.90) (0.732, 0.837, 0.922) (0.733, 0.838, 0.923) (0.729, 0.835, 0.920) (0.729, 0.835, 0.920) 

7 (0.70, 0.80, 0.90) (0.733, 0.837, 0.922) (0.734, 0.838, 0.923) (0.730, 0.835, 0.920) (0.730, 0.835, 0.920) 

8 (0.70, 0.85, 0.90) (0.733, 0.839, 0.922) (0.734, 0.840, 0.923) (0.730, 0.837, 0.920) (0.730, 0.837, 0.920) 

9 (0.70, 0.85, 0.95) (0.733, 0.839, 0.924) (0.734, 0.840, 0.925) (0.730, 0.837, 0.922) (0.730, 0.837, 0.922) 

10 (0.75, 0.85, 0.95) (0.734, 0.839, 0.924) (0.735, 0.840, 0.925) (0.732, 0.837, 0.922) (0.732, 0.837, 0.922) 

11 (0.75, 0.90, 0.95) (0.734, 0.841, 0.924) (0.735, 0.842, 0.925) (0.734, 0.837, 0.922) (0.734, 0.837, 0.922) 

12 (0.75, 0.90, 1.00) (0.734, 0.841, 0.926) (0.735, 0.842, 0.927) (0.734, 0.839, 0.922) (0.734, 0.839, 0.922) 

13 (0.80, 0.90, 1.00) (0.736, 0.841, 0.926) (0.737, 0.842, 0.927) (0.734, 0.839, 0.924) (0.734, 0.839, 0.924) 

Maximum RFI
*
 by 

combination of  

(SCRAC3) 

 

(SCRA(C3+D3)) 

 

(SCRA(C3+D3+C2)) 

 

(SCRA(C3+D3+C2+D2)) 

 

attributes j (0.736, 0.841, 0.926) (0.746, 0.851, 0.935) (0.754, 0.858, 0.941) (0.762, 0.865, 0.948) 

 

 The improvement in the level of resilience for maximum improvement in combining 

factors SCRAC3 and SCRAD3 is shown in Figure 7.  The maximum improvement in resilience 

level by improving all the four factors, SCRAC3, SCRAD3, SCRAC2 and SCRAD2 to their 

maximum ratings is shown in Figure 8.  
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Figure 6: RFI
*
 for the highest rating of SCRAC3 matching with linguistic ratings 

    

Figure 7: RFI
*
 for the highest ratings of SCRAC3 and SCRAD3,  

matching with linguistic ratings 

 

 The results of sensitivity analysis shows that there is a full possible shift from ‘Extremely 

Resilient’ to ‘Definitely Resilient’ level, by improving the performance rating of the attributes 

to their maximum possible values.   
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Figure 8: RFI
*
 for the highest ratings of SCRAC3, SCRAD3  SCRAC2 

and SCRAD2 matching with linguistic ratings 

 

 On analysis of the results, it is seen that proper risk assessment is important for building 

resilience in supply chains.  Among various risk assessments, process risk level estimation 

and demand risk assessments emerges as most important for the case supply chain considered 

for the study.  When process risks are reduced, the risks of rejection of products can also be 

reduced and when the demand risks are reduced, the bullwhips in supply chains can be 

reduced.  Demand risks can be reduced by employing proper forecasting techniques by 

combining qualitative and quantitative forecasting models to accurately predicting the 

expected demand and to reducing the bullwhips.   

 Supply chain intelligence also plays a critical role in building resilience in supply chains, 

where the knowledge created and shared among partners can help in reducing bullwhips.  

Proper knowledge sharing increases the collaboration capabilities of the supply chain and 

thus enabling the supply chain to bend together at times of disruptions rather than breaking at 

a point.  Also, it helps the supply chain to achieving several other collaborative practices such 

as: Vendor Managed Inventory (VMI), Collaborative Planning, Forecasting and 

Replenishment (CPFR), etc. Thus, supply chain intelligence can lead to supply chain 
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resilience by enabling the proper utilization of available buffers (capacity, inventory, and 

time) in the supply chain.   

5. Conclusions and Scope of future works 

 Supply chain risk management and resilience are gaining prominence in recent years.  

Focus of this research was to ascertain, measure and improve the level of resilience of supply 

chains.  Various attributes imparting resilience to the supply chain were identified and 

analyzed. The procedure for calculating a fuzzy index for resilience is developed by 

considering attributes seen in a typical electronics supply chain.  The gaps towards resilience 

were measured by using a fuzzy performance measurement system.  This research suggested 

an approach for the companies to know their status of resilience in the form of an index 

through identifying attributes for resilience, rating the attributes and by finding their 

respective weightings.  The identification of the level of the resilience of a company at any 

particular instant is important for taking strategic level decisions.  Thus, resilience check 

before any strategy implementation helps in identifying major areas of improvement.  This 

can reduce vulnerability of supply chain as a whole.   

 There are a few limitations of this research.  Since the model does not consider the 

changes in strategies and attributes for different time periods, ‘the time to recover’ element in 

the resilience measurement of the supply chain was not considered for the study.  This can be 

a direction to future research.  The fuzzy values associated for a linguistic level of assessment 

is assumed to be triangular in an interval, which might have reflected in the final results.  The 

weighting and rating of attributes by committee members depends upon their knowledge and 

familiarity with the firm, its operations, etc.  Thus, the biasing of committee members 

towards some of the attributes might have also affected the results.  The model can be further 

extended by making into a multi stage model, where the key specific points of resilience 

enhancers and the points of poor performances can be identified.  The resilience and 
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sustainability issues can be combined to make a tradeoff between factors imparting 

sustainability and resilience.  Efforts are also recommended in the direction of constructing 

and maintaining a resilient- sustainable supply chain.  Future research could also focus upon 

detailed analysis of risk profiles and thus devising the operation strategy of supply chain for 

enhanced resilience capabilities.   
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Highlights 

 Identify, ascertain, measure and improve the level of resilience of firms. 

 Several strategies, practices and attributes contributing to the resilience of supply 

chains were studied. 

 Electronics manufacturing supply chains were considered for the study. 

 Fuzzy measurement system is used to access the level of resilience. 

 A case evaluation was carried out in an Indian electronics manufacturing supply 

chain. 

 Resilience status of the case supply chain is matching with ‘Extremely Resilient’ 

level. 

 

 


