Electronic Supplementary Material

Blockchain adoption or contingent sourcing?
Advancing food supply chain resilience in the post-pandemic era

Xiutian SHI, Siru CHEN
School of Economics and Management, Nanjing University of Science and Technology,
Nanjing 210094, China
Xiaofan LAI (DX)
Institute of Big Data Intelligent Management and Decision, College of Management,
Shenzhen University, Shenzhen 518060, China

E-mail: xiaofanlail@gmail.com

Appendix A. All proofs

Proof of Lemma 1

7o _ o : .
As T——Z(l—eﬁ) <0, the profit function 7z,, under Strategy (O,0) is concave with respect to
P
%o

price p. By solving the first order condition

p =(1-¢n)(1-2p)=0, we have the optimal price
V4

rv 1 . ﬂg:g _ o ry 1. .
Poo =5 by letting 5 =0 . Then, substituting p,, =5 into profit function, we have
P

1 _ . . . .
Thy = Z(l_eﬁ) —e,nK . Similarly, the optimal prices and profits under the rest of sourcing strategies can

be derived and they are summarized in Table 2 in the main text. From Table 2, it’s obvious that
R S S Pos> Poo and Paa>Poa>Poo> Poo ) In addition,

ee,

l1-en(l-e) ) l1-en(l-e,)

<1 always holds, when n<1. In that case, we have p},>p,, and
Poa>Po- (QED.)

Proof of Proposition 1

As K>K and 7j, <0, scenario (0,0) in the absence of blockchain cannot be the candidate of

optimal strategies. Since 7,7 decreases in K while 7} is not affected by K, we obtain the



2.2

1 e’e 1
threshold K, =————12(1-ee, )A-|1-———"——|A* \—— by solving 7,5 =7x,, . Then,
' 4evf7(1—ey){ (1) { 1—6377(1—e,)} } s 7 & 7o =7oo

l—esn(l—er)—eser

Jl-en(l-e)—ee,

) >myl, if K >K,. Especially, if A<A,=1- , then K, <0, which means

2 2
e

{ 15'81% +2(1-ee )A—(1-¢)
" >zl always holds. Note that if K,—K = en(l=e)
’ ’ 46577(1—@)

<0, then,
K > K, always holds.

Next, we conduct the sensitivity analysis on the thresholds. For K,, which can be rewritten as

AT . . o . :
K, = {[1 —en(l-e )][1 —ee()} -(1-a) }ﬁ%‘n(l -e )], when 7 is increasing, its denominator is
I-en(l-e

increasing while its numerator is decreasing. Therefore, K, is decreasing in 7. Differentiating A, and
K, withrespectto e, and 7 respectively, we have:

o, n(l—e,)[l—esn(l—e,,)—ese, l—esn(l—e,)}-i-er [2—6577(1—6’,):”:1— l—esn(l—e,)J
8@ 2\/1—eS77(1—ey)[\/l—esn(l—er)—ese,}2

>0,

2
o, el-e)[Jimenli=e) -ee ] ree (1-e0)

- >0,

on 2\/1—6577(1—6,.)[\/1—%77(1—3,-)_eserT

oK,
Oe, :_{2{1 1-en(l-e,) 6771 e) A}A/[“e n(1-¢,)]<0. (QED,)

Proof of Proposition 2

It’s clear that 7z} >z} and 7z, >xy] from Table 2, then scenario (4,4) with blockchain adoption

is dominated by other strategies. As 7, decreases in A while 7/, is not affected by A, we obtain

1 .
the threshold A, :—(1—cb)(1—1/1—e577) that solves 7,7 =7y, . Then, z;%>zy,, if A<A ; but
e,

Ty <7Tyy, otherwise. By differentiating A, with respect to e, 7 and ¢, respectively, we have

on (1-c)(1-\1-en) A 1- A
o, _{ ( ) 0, Zto——% -0 and —‘=—i(1— 1=ep)<0. (QE.D))
Oe, 2e\2\/1—e377 on  2Jl-en oc, e )

s

Lemma Al

Given retail price, the optimal sourcing strategies and the incentives for blockchain adoption are shown as
follows.



1. When A<min{a",c,/(1-¢)}, the optimal strategy is (4,4) without blockchain, and when A>A,

the optimal strategy is (O,0) with blockchain.

2. When min{A”,ch [(1-e, )} <A <A, the optimal decisions are shown in Table Al, where A® = (p—c¢,)n,

N l_eﬁch ’ ANznp(l— l-e, j ’ K':(l—p)[ex(l—er)A-kcb—exn(l—e,_)p]

A=np+
" ee en(l-e)

sor

I-ee,

"_(l—p)[(l—exry)cb—e}er(A—pry)] an N _(1_ l-ee, B
ko= en(i-e) +and K7 =(1 p)Lﬂ(l—e,‘)A ”}'

Table A1 Optimal sourcing strategy and incentive for blockchain adoption

Variable cost for blockchain operations Marginal cost of sourcing Penalty cost for ~ Blockchain ~ Optimal
(¢,) from a safe supplier (A) detected infection ~ adoption  sourcing
(K) strategy
esn(l—er)(l—es)p S <A G - v (O,A)

0<6 < l-ee. l-e, = e (1-e)
np-——t < A<A? K>K v (0, 4)
es(l—er) K<K' X (O,A)
A’ <A<A K<K" x (0, 4)
K>K" ol (0,0)
exn(l—er)(l—es)p<c})< (1-¢,)np PR K>K" x (4,4)
l-ee, 1+(1-¢,)n l-e K<K" x (0,4)
G A< AP K=K X (0,4)
I-e K>K' V (0,4)
A® <A<A K>K" v (0.0
K<K" x (O,A)
(1-¢,)np . (1-¢,)np A" <A<en(p-¢)+c, K <KV x (0,4)
I+(1-¢)n " l-en K>K" x (4,4)
enlp-c)rosa<h  K<K < (04)
K>K" v (0,0)

Proof of Lemma A1l

When retail price is given, the optimal sourcing strategy without/with blockchain and the incentive for
blockchain adoption can be derived as follows.

R.B

. = 1- 1-
As h:—esn<0, we have a unique K'=w

so that 7)) =0. And it requires K >K'
oK en ’

RN
0.4

in order to exclude Strategy (O,0) without blockchain. Also, =—e,n(1-¢,)<0, so we get a unique



I?":(l_p){p[l_e‘n(l_e’)]_e‘e’A} by letting 757 =0 . Meanwhile, grog=Uzppmed)e
en(l-e) ’ en(l-e)

decreasing in A, so we know that K"> K' always holds when A < £

e

s

is

1. The optimal sourcing strategy without/with blockchain
When blockchain is not adopted, 7§ —75) =(1-p)[en(1-¢,)-(1-¢e,)A]+en(1-¢,)K , which is
increasing in K , so we get the threshold K" = (l—p){(l—ese,)A/[esn(l—e, )]—p} that solves
myl =xy . And KV is increasing in A, so K"<O0, which means 7y} >z, , if
A<AY =np[i-(1-¢)/(1-ee,)]. Therefore, 7y >xj7, if K>K";but 7y} <z, if A>A" and
K<K".
When blockchain is adopted, it’s clear that 77} > 74§ and 757 >z}, then (4,4) is dominated by

other strategies. 75y —7,% =(1-p)e,[A—(p—c,)n], which is increasing in A, so we obtain the

threshold A” =(p—c¢,)n>0 that solves 7y, =7, . Then, 7z, >nzy%, if A>A", but 7y, <z’

otherwise.
Moreover, A" -A”=[c,~(1-¢,)p/(1-ee,)|n , which is increasing in ¢, , so A" >A", if
¢, >(1—¢,)p/(1-ee.),but A" <A” otherwise.

2. The incentive for blockchain adoption

From above analysis, the incentive for blockchain adoption is obtained by analyzing the following four
cases.

Case 1: When A<A” and K >K", we compare the profits between (O,4) with blockchain and

(4,4) without blockchain.

myh -zl =(1-p)[(1-¢,)A=c, |, which is increasing in A, so we know that 7% >zy}, if

. . 1+(1- o
A>c,[(1-e), but zy% <zl otherwise. Meanwhile, A” —cb/(l—es):pn—Jr(—e‘)ncb , which is
’ ’ lI-e

decreasing  in ¢, , SO A >cf(l-e) . if ¢ <(1-e)np/[1+(1-¢)n]

AN—cb/(l—es):pn[l—(1—es)/(l—el\,er)]—cb/(l—es), which is decreasing in c,, so A" >cb/(1—es), if



— — - 1- 1- 1-
c, <M, but A" <c,/(1-e,) otherwise. And il >( e.)np >6S77( e)=e)p

l-ee l-ee, 1+(1-¢,)n l-ee,
. 1- 1- C,
always holds. In summary, z3%>7z%7 , if ¢ cenlize)lize)p and 1—”<A<AN or
’ ’ l-ee —-e

s

1-¢)(1- 1-
en(ze)tze)p - (=€) \v A AP and K>K".
l-ee 1+(1—e\)77
Case 2: When A>A” and K >K", we compare the profits between (O,0) with blockchain and

(4,4) without blockchain.
Moo =Ty = (l—p){A ~len(p-c,)+c, ]} , which is increasing in A, so we know that zj, >7z}Y, if
A>en(p—c,)+c, , but Moo <4y otherwise. Meanwhile,

en(p—c,)+c,—A" =[1+(1-¢,)n |c, - pn(1—e,), which is increasing in c,, so en(p—c,)+c, > A", if

1- : . 1-
2 >M, but en(p—c,)+c, <A” otherwise. In summary, 7., >y, if ¢, e g
1+(1-¢)n ’ ’ 1+(1-¢)n
1-
A>A® or cb>M and A>en(p—c,)+c,.
1+(1-¢)n '
1-
Case 3: When ¢, <1 % p, AV <A<A’, and K <K", we compare the profits between (O, A4)
—ee,

with blockchain and (0O, 4) without blockchain.

myh -yl =(1-p)[en(l-e)—c,—e (1-¢)A]+en(l-¢)K , which is increasing in K, so we have

the threshold K’:(]_p)[e‘(]_e'-)A”»_eﬂ(l‘e:)p]

by letting 7z;%—-7z,4=0. And K'<0, if

en(l-e)
A<np- . (lc”_ 5 <A®. In addition, K" -K'= (- pz[;le_—ee))A ~al , which is increasing in A, so when
A>c[(1-e) then K">K' but K" <K' otherwise. Meanwhile,
c c, (1-ee)e,

. . . . C .
, which is decreasing in ¢,, so pp-———>¢,/(1-¢), if

e, (l—er)

”p_e‘(lh—e,)_l—e\ ='7p_e‘ (l—e‘)(l—e’)

1-e )(1- . 1-e¢ )(1- ,
cb<w. In summary, 735 >zy", if cb<w, A¥<A<pp-——S orif
I-ee ’ ’ l-ee e (l—e,)
. 1-e )(1- 1-
np-——2—<A<A® and K>K' or if en(i=e)( e‘)p<ch<( < )up ., ¢/(1-e)<A<A® and
e(l-e) l-ee 1+(1-e)n )
K>K'.

Case 4: When A>max{AB,AN} and K <K", we compare the profits between (0,0) with

blockchain and (O, 4) without blockchain.



myo-myy =(1-p)[ee (A—pn)—(1-en)c, |+en(1—e ) K , which is increasing in K, so we have the

threshold k7 = U=p(zema —ee (A= pn)] by letting 7z55-7,7=0 . And K"<0 , if

e\f](l—e’)
A 1- .. 1-p)[a- —¢,)-c L o
A>A=np+—=Le, > AP In addition, KV —K"= (-p)la-entp=c)-c] , which is increasing in A, so
ee e\f](l—e,)
when A>en(p-¢,)+¢,>A" , then KY>K" , but K"<K" otherwise. Meanwhile,

¥ (1_e\er)(1_e\77)ch >0

g—[esn(p—cb)+cb}:np(l—es) , 50 A>en(p-c,)+c, always holds. In

e\e’
. ~ . 1- ~ . 1-
summary, 7o >7zat, if A>A or if cb<ﬂ, A® <A<A and K>K" or if cb>ﬂ,
' ’ 1+(1=¢)n 1+(1-¢ )7
esn(p—cb)+cb<A<£ and K>K". (QEE.D)

Proof of Proposition 3

The optimal strategy and incentive for blockchain adoption with endogenous retailer price are similar to
that with exogenous price shown in Lemma Al.

1. Comparison of Strategies (O,4) with blockchain, (0,0) with blockchain and (4,4) without

blockchain.
Comparing the profits between (0,4) with blockchain and (4,4) without blockchain, which

requires A<A, based on Propositon 2, we obtain A=c/(1-¢) by letting

Toh —myy = i[—(l —e’ )A2 +2(1-e, +ec,)A+(1-¢,) —l} =0, which has a unique feasible solution

owing the constraint of nonnegative demand. Then, if A>c,/(1-¢), 754 >y, but 754 >z

(1-¢)(1-1-en)
e}\_+(17ei\_)(lf 1*6317)

otherwise. And when ¢, < , A—¢ /(l—ev)>0 always holds. Therefore, when

(1-¢)(1-1-en)
e}\_+(17ei\_)(lf 1*6317)

c, and ¢,/(1-¢)<A<A,, =54 >z, while 7% <7l otherwise.

Then, we compare the profits between (O,0) with blockchain and (4,4) without blockchain and it
requires A>A, from Proposition 2. As 77 decreases in A while 7/, is not affected by A, we

obtain the threshold A, =1-,/l-en(l-c,) that solves 74y =m,,; and A,>A  if



(l—e‘)(l—dl—e\n)
e +(lfe3)(lf\/lfe\77)

otherwise.

. R,B R,N . . R,B RN
c , but A, <A, otherwise. Then, 7z,, >z, if A>A,; but z,, <7z, ,

2. Comparison with Strategy (O, 4) without blockchain

When A<min{cb /(l—e_s_),Az}, the proofs of comparing profits between (O, 4) without blockchain

and (A,A) without blockchain are identical with Proposition 1. For other conditions, we derive the

general results by neglecting the constraint of K > K . And if the constraint is considered, the results is that

some cases that (O,4) without blockchain is the optimal strategy will be replaced by (O,4) with

blockchain or (0,0) with blockchain.

(1-¢)(1-1-en)
e +(17e>\_)(17,/lfe>‘77)

(1 ¢ <

and c¢,/(1-e)<A<A,. ((0,4) with blockchain vs. (0,4) without

blockchain)

. [1-en(i-¢)-cea] L o
Toh — o :%{(1—cl)—e\_A)‘—[ en(i-e)-ce ]}+es77(1—e,_)K, which is increasing in K, so the

[l—e\n(l —e )]

1=(1-¢,) +2(1-¢, eﬁ)e}\A(lejeb\zAz

lfesn(lfer_)

threshold K, = — can be obtained. Especially, we obtain

4e\77(1—er)

\/l—e‘n(l—e’ )(1—\/1—e‘f7(1—e’)—ch)
e [Jlfe}\_r](lfer_)fe’]

constraint of nonnegative demand. Then, K, >0 if A>A, but K, <0 otherwise. Meanwhile,

é:

such that K, =0, which has a unique feasible solution owing the

l-c,—eA) —(1-A) .
KO—K,:( o -es)-(1-4) , so if A>
den(l-e) l1-e

s

S

, then K, >K,. Therefore, under this condition, when

K>K,, nyy>nyy, while 755 <7y if A>A and K <K, .

(2) A>max{A,A,} ((0,0) withblockchain vs. (O,4) without blockchain)

2

[l—e‘ﬂ(l—e’ )—e\e’A]

[1-en(i-¢)]

wh i =5 (e ) (-en)-

+en(l—e )K, which is increasing in K, so the

e'e’ 5

1-(1-¢ ) (1- —2ee A+——"——A
(e (men)-2eeas =0 a

threshold K, = o can be obtained. And
den (1 —-e ) 4




% e {ese,,A/[l—eSﬂ(l—er )]—l}
oA m(1-c)

<0, which means K, is decreasing in A, so we have the threshold

1-en(i-¢)-(1-c)li—en(i-e)I(1-en)

A= ce by letting K,=0 . Then, we have K,<0 if
A>A= 1-en(i-¢)-(-¢, );/e[rl —en(i=¢)J0-en) R but K,>0 otherwise. Meanwhile,
K,-K, = (- )24(8:(61‘2’_)(1_A)2 , so when A>A,, then K,>K,. Therefore, under this condition, when
K>K,, zib>zly while 70 <z if A<Aand K <K,. (QED)

Proof of Proposition 4

After solving CS’ = I lp (v—p)f(v)dv,wehave CS;= %(l— P )2. Replacing p, with the optimal prices

i
J

in Table 2, the optimal consumer surplus can be derived and they are summarized in Table 4 in the main

text. Further, by comparing the value of CS) obtained above, it’s clear that CS;, >CS, ,, CS,,>CS},
and CS,,>CS,,. And CS), decreases in A while CS;, is not affected by A, so we obtain the

threshold A _Dmen@=e)le ar solves CS,o= CS,, . Then, we have the condition of

e\ el

CS}, >max{CS) ,.CS},.CS),} by letting CS;,>CS;, , that is A=Ay , and

CSh . > max{CSg’O,CSZA,CSg,A} otherwise. (Q.E.D)

Proof of Proposition 5

Follows from Propositions 3 and 4.
Proof of Lemma 2

Following the proof of Lemma 1, we get ﬁf and ﬁf , and by comparing the values of [)f and p‘f , We
can easily obtain the results.

Proof of Proposition 6

Following the proofs of Propositions 1 to 3, we have the optimal sourcing strategies under different

conditions, which are shown in Table 6 in the main text.



Proof of Proposition 7

We have (A,’S’?=%J‘l g(v—p+6)f(v)dv+%jl,(v—p)f(v)dv , which can be solved as
pj— Pj

2
CS? :%(17 p+§) +é6’2 and are derived by substituting f)f from Table 5 in the main text into CS 1/;

It’s obvious that 63'?;0 >CSp, aS'f)A >CS,,, and CSo.0>CSo.s . Then, following the proof of

Proposition 4, we have Acs :L[l—esry(l—er)][1—\/(1+6’/2—cb)2+n92], and when ¢, >1+§—\/1—62,
ee

s

then Acs >0, but Acs <0 otherwise. To sum up, when A > Acs, then E:Tsf;,o > max{CSN aS‘g,A,CS;’ZA},

0,4°

but CS, , > max {6?3’30,63‘3 4,CSY A} holds when A < min {ch,o} . In addition,

~ 1 B 5
Acs —Agg zz[l—esn(l—er)][l—cb —\/(l—cb +0/2) +0 J<0. (QEE.D)

sTr

Proof of Proposition 8

Combining with the previous analysis, we know K> <K,, A >A,, As <A, and Acs <A

b~=(K—1~(2)* <b , when c, <%—I—(l—ex)(l—./l—exn)/[ex+(l—ex)(l—‘/l—esly)}

cs » SO

§=(max{&,lcs}_A)+ _ (~A‘ _A) +>§,ifA~1 >Ac~s |
(Acs—A) <5,if Acs > A

and when ¢, >§+(l—ex)(l—‘ll—esiy)/[ex +(l—ex)(l—./1—es77)}

L N (lz—A)+<§,ifgz > Acs
§=(max{AsAcsf-a) =" T (QE.D)
(Acs —A) < E,ifAcs > A

Appendix B. General case with Strategy (O, O) without blockchain

We show the results of the retailer’s optimal decisions in the scenario where Strategy (0,0) without

blockchain can be adopted by him by relaxing the assumption K > K . Given the retail price, the main
results are given as follows. Firstly, the optimal sourcing strategies without blockchain adoption are shown
in Table B1.



Table B1 Retailer’s optimal sourcing strategy without blockchain

Marginal cost of sourcing from a safe supplier ~ Penalty cost for infection (K ) Optimal sourcing strategy without
(A) blockchain
A<AY - (4,4)
AV <A<A) K<K) (0,4)
K>KY (4,4)
A>AY K <K} (0,0)
K <K<K) (0,4)
K>K) (4,4)

For the thresholds, we have A'=pp[l-(1-¢)/(1-ee)], AY =p. K'=(1-p)(A/n-p) and
K =(1-p){(1-ee.)A/[en(1-¢)]-p} . Meanwhile, z;%>z55 if A<A”=(p-¢,)n , but
moh <mygy if A>A".

Next, the results of comparing the profits between with and without blockchain adoption are as follows.

(1) A<min{c,/(1-¢,).ep(p—c,)+c,} : Under this condition, TI}Y >TI} ,  where

c {(0,0),(A, 4),(0, A)} , S0 the optimal sourcing strategies are identical with Table B1;
2) min{c,/(1-¢,).en(p—c,)+c,} <A<A).

Table B2 Optimal decisions when min {cb/(l —e, ), ern (p -c, ) +c, } <A<A}

Variable cost for blockchain operations Marginal cost of sourcing from Penalty cost for Blockchain Optimal
(¢,) a safe supplier (A) detected infection ( K ) adoption sourcing
strategy
en(l-e)(1-¢)p % A g - N (0,4)
0<a < 1-ee. l-e, e e (1-e)
, y
np— b <A<Ab K>K (O,A)
es(l—er) K<K' x (O,A)
AP <A<AY K=K" X (0,4)
K>K" v (0,0)
en(i=¢)(i=e)p . (1=e)np G A <A K>K' v (0,4)
l-ee, l+(l—ex)77 I-e; K<K' x (O,A)
A* <A<A) K<K" X (0,4)
K>K" N (0,0)
(1-e)np - <(1—es)77p en(p—c,)+c, SA<A) K>K" v (0,0)
1+(1-e)n " l-en K<K" x (0,4)




l-en gro=ple(i-¢)are —en(i-¢)p]

For the thresholds, we have A=np+ —c and
e, en(l-e)
g =p)(-en)e —ee (a-pn)]
en(l-e)
(3) A>A)
Table B3 The optimal decisions when A > A;V
Variable cost for Marginal cost of sourcing Penalty cost for Blockchain Optimal sourcing
blockchain operations (¢, ) from a safe supplier (A) detected infection (K ) adoption strategy
_(=e)up Al <A<A K>K' v (0.0)
" l-ep K <K<K’ x (0,4)
K <K X (0.0)
ASA K<K" x (0,0)
K>K" v (0,0)
cb>(l_e“')np en(p—c,)te, <A<A K>K" v (0,0)
I—en K'Y <K<K" X (0,4)
K<K" x (0.0)
A>A K<K" x (0,0)
K>K" v (0,0)

(lfp)(lfesn)ch .

en

Note that K" =



