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A. Comparison of Papers on Supply Chain Quality Management

Table A.1 Comparison of Papers on Supply Chain Quality Management
Paper Contract/mechanism Supply chain structure Quality decision
Product appraisal 1 supplier + 1 buyer Continuous
Baiman et al. (2000)
Penalty based on incoming inspection; 1 supplier + 1 buyer Continuous
Balachandran and Radhakr- Penalty based on external failure cause
ishnan (2005)
Vendor certification; Product appraisal 1 supplier + 1 buyer Binary
Hwang et al. (2006)
Cost sharing based on selective root cause 1 supplier + 1 buyer Continuous
Chao et al. (2009) analysis; Partial cost sharing based on com-
plete root cause analysis
Deferred payment; Inspection; Combined 1 supplier 4+ 1 buyer Binary
Babich and Tang (2012) mechanism
Deferred payment; Inspection 1 supplier + 1 buyer Binary
Rui and Lai (2015)
Incoming product inspection 1 supplier + 1 buyer Continuous
Lee and Li (2018)
] L Quality-at-the-end contract (inspect end 1 supplier 4+ 1 buyer Binary
Nikoofal and Giimiis (2018) product’s quality); Quality-at-the-source
contract (audit supplier’s quality effort)
Inspection (and relational contract) 1 supplier + 1 buyer Continuous
Bondareva and Pinker (2019)
) Acceptable quality level contract; Quality- N suppliers + 1 buyer Continuous
Baiman et al. (2004) based incentive pricing contract; Group (assembly supply chain)
warranty contract
Inspection-based mechanism; External 1 supplier + 1 buyer & Binary
Dong et al. (2016) failure-based mechanism 1 supplier + 1 outsourced
manufacturer + 1 buyer
(serial supply chain)
Individual testing; Mixed testing N suppliers + 1 or 2 buyers Binary
Mu et al. (2016)
This paper Contract with traceability; Contract with- 2 suppliers + 1 buyer Continuous

out traceability

(serial & parallel supply
chains)

B. Table of Notation

Table B.1

Table of Notation

Parameters

N/T

p Retail price

I Net loss incurred by the buyer under defect, with [ > —p

0 Multiplier in the suppliers’ quality cost function

~ Efficiency measure of the suppliers’ quality improvement, with v > 1

/1

Superscript for the case without/with traceability

Superscript for the equilibrium in a serial/parallel supply chain

Decision variables

¢; Quality level chosen by supplier i, with ¢; € [0,1], 7 € {1,2}

(3

Wholesale price paid to supplier ¢, i € {1,2}




C. Data Permission and Consensus Mechanism
C.1. Model

C.1.1. A Serial Supply Chain. Under restricted data permission, the buyer’s contracting

problem in a serial supply chain is formulated as

2 2
ma>§ 7rB(wl,w2|(]1(w1 QQ wz pHQz wz —l [ H(jz(wz)] —sz‘qz'(wi)
w1 ,w:

i=1

7, (@i (wi)|w;) 2 0,4 € {172} (IR;)
gi(w;) =argmax g, (q;|w;),7 € {1,2} (IC;)

4

(C.1)
s.t.

where 7g (¢;|w;) = w;q; — C(q;) for i € {1,2}.

C.1.2. A Parallel Supply Chain. Under restricted data permission, the buyer’s contracting

problem in a parallel supply chain is formulated as

max mp(w|q(w pl_IqZ )—1 [1 —chi(w)] - (Zwi> chi(w)

i=1 i=1
. ) . (C.2)
(Q( /)t Z(W)Iwi, ti(w),q-i(w)) > 0,i€{1,2} (IR:)
s.t. .
{q’L W ) Z(W } = argmax WSi(Qiat7i|wi>ti>q7i)aZ€ {1a2} (ICZ)
Qirt—i
where g, (i, t—i|w;, ti, q—;) = wiqiq—; +tiq;(1 —q—;) —t_;q—i(1 — ¢q;) — C(q;) for i € {1,2}.
Figure C.1 Illustration of Contracts under Different Data Permission Schemes in a Parallel Supply Chain
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C.2. Supplemental Results
PropoSITION C.1 (EQUILIBRIUM UNDER RESTRICTED DATA PERMISSION IN A PARALLEL
SuppLY CHAIN). In a parallel supply chain under restricted data permission, there exists a unique

equilibrium such that the buyer offers wholesale price wa = pT“ to supplier i € {1,2}, and supplier
1

P_+l>”_’g

i offers transfer payment thT =0 to supplier —i and chooses quality level qZ-RJr = (972

THEOREM C.1 (OPTIMAL DATA PERMISSION IN A PARALLEL SUPPLY CHAIN). In a parallel

supply chain, the total supply chain profit is always higher under unrestricted data permission.

PropPOSITION C.2 (INDIVIDUAL FIRM PREFERENCES FOR DATA PERMISSION IN A PARALLEL

SuppLY CHAIN). In a parallel supply chain,



(a) the buyer always prefers unrestricted data permission;
(b) the suppliers prefer unrestricted data permission if | <1, and prefer restricted data permission
if 1> 1.
THEOREM C.2 (DATA PERMISSION CHOSEN IN A PARALLEL SuPPLY CHAIN). In a parallel
supply chain,
(a) under the centralized consensus mechanism, unrestricted data permission will always be chosen,
which is the optimal policy for the supply chain;
(b) under the decentralized consensus mechanism,
(i) if I <1, unrestricted data permission will be chosen, which is the optimal policy for the
supply chain;
(ii) if 1 > [, restricted data permission will be chosen, which is not the optimal policy for the

supply chain.

D. Data Governance: Model
D.1. A Serial Supply Chain

In a serial supply chain, the quality of traceability data is determined by the upstream supplier.
The downstream supplier does not have any incentive to incur additional cost to improve data
quality because his chance of receiving the wholesale price payment from the buyer is not affected
by the quality of data recorded in the blockchain (since he is only paid if the end product is non-
defective). The game now consists of two stages. The first is the blockchain implementation stage,
in which the upstream supplier chooses data quality a. The second is the quality contracting stage,
in which the upstream supplier can prove that he is not the defect-causing supplier with probability

« when he is non-defective himself. Hence, the buyer’s contracting problem is formulated as

max WB(wl‘(jl(wh@2(w1))762(w17w2(w1))) :p(jl(whwQ(wl))Cb(whﬁb(wl))

—l[l —(jl(wlaw2(w1))52(w1,152(w1))] — w1 G1 (w1, We(w1)) G2 (w1, Wa(wy))
. 7151 (152(101),@(wla@2(w1))|}01,q~2(w1,@2(1~01))) >0, (IRy)
w2(w1) :argwr;ﬂax sy (w27q1(w17w2)‘w17q2(w17w2)) (D.l)
sy (G2 (w1, wa)|wa, ¢1 (w1, ws)) > 0, (IR2)

(]1(101,102) = argmax Wsl(wQaQ1|wlaQQ)a (Icl)
a1

@(wl, w2) =argmax g, (QZ|w2> Ch)» (Icz)
q2

s.t.

where 7g, (W, q1|wy,q2) = w1q1q2 — C(q1) — wo [Q1Q2 + agy(1 - Ch)] and 7g, (q2|w2, 1) = wy [Q1Q2 +
aga(1 — Ch)] —C(q2) — G(a).

D.2. A Parallel Supply Chain
In a parallel supply chain, the quality of traceability data is determined by both suppliers. Since

the two suppliers are symmetric, we focus on the case where they choose the same level of data



quality. The game now consists of two stages. The first is the blockchain implementation stage, in
which the suppliers choose data quality «. The second is the quality contracting stage, in which
a supplier can prove that he is not the defect-causing supplier with probability o when he is non-
defective himself and correspondingly, the buyer can recall only the defective products from the

market. Hence, the buyer’s contracting problem is formulated as

S —z[z% v+ T -]

% _lqu [ - a—(Zm)f[ci ;wzaéi(W)[l—di(W)] (D.2)

s, (Gi(W)|w;, g—i(w)) > 0,i € {1,2} (IR
(ji( )_argmax s, (qz‘w17Q—1) (S {1 2} ( )

qi

where g, (¢;|w;, q—;) = wi [qiq—; + aq;(1 — q_;)] — C(¢;) — G(a) for i € {1,2}.

s.t.

E. Limited Liability of Downstream Supplier
E.1. Model

In the main model, we assume that in a serial supply chain with traceability, the downstream
supplier might need to pay the upstream supplier even if he does not receive any payment from the
buyer. This occurs when the quality outcome up to the upstream supplier is non-defective while the
quality outcome up to the downstream supplier is defective. However, in practice, the downstream
supplier could have limited liability and may not pay the full wholesale price to the upstream
supplier if he does not get paid by the buyer. In this extension, we incorporate the downstream
supplier’s limited liability constraint into analysis and assume that the downstream supplier will
pay at most b > 0 to the upstream supplier if he receives no payment from the buyer. (Note that
this constraint only affects the case with traceability because in the case without traceability, the
downstream supplier will not pay the upstream supplier if he receives no payment.) In this setting,

the buyer’s contracting problem in a serial supply chain with traceability is formulated as
max (w1 (w1, We(wr)), Go(wr, W2 (w1))) = pga (w1, Wa(w1))Ga(wy, We(w1))
wi
=1 [1 —q (wh @2(w1))612(w17 17)2(101))] - wl@l(wla 71)2(w1))(j2(w17 U~)2(w1))

s, (Wa(wr), @1 (wy, Wa(wy))|wy, Go(wy, Wa(wr))) 20, (IRy)

5.t Wa(wy) = argmax g, (wa, G (w1, w2 )|wr, G2 (wy,ws)) (E.1)
w2 °
sy (G2 (w1, w2)|wa, q1) =0, (IR>)

st ql(wl,wg):argmax Wsl(w%ﬁh‘wlaﬁh), (Icl)
U q1

@(wl, w2) =argmax g, (QQ|w2a Q1)a (Icz)
q2

where s, (wQaQ1|wlaq2) = W1q1q2 — C(Ql) — Waq142 — min{wz,b}qQ(l - (J1) and 7752((12|w2>(h) =
Waq1 g2 + min{ws, b}ga(1 — q1) — C(ga).



E.2. Equilibrium Analysis and Results

We confirm that our main insights regarding the impact of traceability carry through. In particular,
when the downstream supplier’s liability is not too limited (i.e., when b is sufficiently large),
traceability always improves product quality and all firms’ profits, and traceability creates value
by mitigating double moral hazard; whereas when the downstream supplier’s liability is extremely
limited (i.e., when b= 0), traceability has no impact on product quality or any firm’s profit (see
Proposition E.1 and Theorem E.1). We also verify that our main findings carry over when b is
moderate (see Figures E.1 and E.2). Moreover, we find that as the downstream supplier’s liability
becomes less limited (i.e., as b increases), traceability creates higher values to the buyer, the

suppliers, and the entire supply chain (see Figures E.1 and E.2).

PropPOSITION E.1 (EQUILIBRIUM WITH TRACEABILITY IN A SERIAL SUPPLY CHAIN). In «a

serial supply chain with traceability, when che downstream supplier has limited liability, there exists
2v“ —2v+1

a threshold b= [2(p+1)] = (l)”_lg (l> 07 such that

0 Y
(a) if b >0, the buyer offers wholesale price wit = @

to the downstream supplier, the down-
-1 2W272'y+1
1

1 =
stream supplier offers wholesale price wQT]t = [Z(p—i-l)] =2 (%)”_’g (%) " 4o the upstream

supplier, and the downstream and the upstream suppliers’ quality levels are qlTi = {2(’2’—1?]
oy 7
! =
and @2 = [—Q(T 2! } , respectively;
0y~ 7

(b) if b=0, the buyer offers wholesale price wipi = @ to the downstream supplier, the down-

stream supplier offers wholesale price szi = @ to the upstream supplier, and the down-

=17 5=2
stream and the upstream suppliers’ quality levels are q?i = [W] and qQT]t =

1

D17 |77
[%} , respectively.

THEOREM E.1 (COMPARISON OF EQUILIBRIA IN A SERIAL SUPPLY CHAIN). In a serial sup-
ply chain, when the downstream supplier has limited liability,
(a) if b>b, traceability always improves product quality and all firms’ profits;
(b) if b=0, traceability has no impact on product quality or any firm’s profit.

F. Downstream Supplier’s Use of Traceability Information Upon

Receiving the Product
F.1. Model

In the main model, we assume that in a serial supply chain with traceability, the traceability
information is used to decide which supplier should be paid after the end product is sold. In this
extension, we consider an alternative way for the traceability information to be utilized. That is,
the downstream supplier uses the traceability information to investigate the quality of the product

delivered by the upstream supplier and pays the upstream supplier accordingly upon receiving



Figure E.1 Comparison of Contracts in a Serial Supply Chain (p = 1000, 6 =300, v =5)

Figure E.2 Comparison of Firm Profits in a Serial Supply Chain (p=1000, 6 =300, v=5)

the product. Specifically, if the product delivered by the upstream supplier is non-defective, the
downstream supplier pays w, to the upstream supplier and then produces the end product; other-
wise, the downstream supplier returns the incoming product to the upstream supplier without any
payment (in which case the downstream supplier does not produce the end product and no market
loss will be incurred). In this setting, the buyer’s contracting problem in a serial supply chain with

traceability is formulated as

max T (w1 | (w1, W2 (w1)), G2 (W2 (wr))) = PG (w1, W (w1))Ga (W2 (w1))
—l[l—51(w1,@2(w1))}52(@2(w1))—wlql(wl,ﬁb( 1)) G2 (W2 (w1))
WSl(wZ(wl)vql(wlﬂwQ(wl)Nwla62(12}2(101))) >0, (IRy)

UNJz(wl) =argmax 7g,; (w2, 61(w17w2)|w17 62(7112)) (F 1)
w9 .

TS,y (62(w2)|w2) =0, (IRZ)
¢1 (w1, w,) = arg max s, (wa, q1|wy,q2), (ICy)
a1

o (w2) =argmax mg, (Q2|w2)7 (IC2)

q2

s.t.

s.t.

where sy (w2, Q1‘w1,Q2) = wW14192 — C(Ql) — waqp and TS, (Q2|w2) = Waq2 — C(Q2)-



F.2. Equilibrium Analysis and Results

We confirm that our main insights regarding the impact of traceability carry through. In particular,
we find that traceability always improves product quality and all firms’ profits in a serial supply
chain (see Figures F.1 and F.2), which is consistent with the main model. Moreover, traceability
still always increases the discrepancy between the two suppliers’ quality levels (i.e., qlTi /qu b=
7% > (v — 1)% = ¢ /g)*; see Propositions F.1 and 1). Our finding indicates that the driving force
behind the impact of traceability in a serial supply chain remains unchanged even if the traceability
information is used by the downstream supplier upon receiving the product. This is because the
upstream supplier will receive the payment from the downstream supplier as long as he is non-
defective himself regardless of whether he is paid before or after the end product is produced and
sold. Hence, traceability can still help disentangle the responsibility of the upstream supplier from

that of the downstream supplier and correspondingly mitigate the double moral hazard.

ProOPOSITION F.1 (EQUILIBRIUM WITH TRACEABILITY IN A SERIAL SUPPLY CHAIN). In  a
serial supply chain with traceability, when the downstream supplier uses the traceability information
to pay the upstream supplier upon receiving the product, there exists a unique equilibrium such that

the buyer offers wholesale price wlTi to the downstream supplier, the downstream supplier offers

Ty _ [(wifi)v('vl)

YD)
wholesale price w, P } to the upstream supplier, and the downstream and the

1
(w?*)q T and g7t = [ (1)’

1
¥5-2)
upstream suppliers’ quality levels are qfi = [W W} , respectively,

v(v=2)
where wi* satisfies 2(p+1) —yw{* =1 [OH—W} . Moreover, ¢* /g3 " =47 > 1.

(wi)”
Figure F.1 Comparison of Contracts in a Serial Supply Chain (0 =300, v=5)

G. An Assembly Supply Chain
G.1. Model

In this section, we consider an assembly supply chain that consists of a buyer and two suppliers
(see Figure G.1). Different from our parallel supply chain, the buyer procures different components
from the two suppliers and assembles the components into the end product. The quality level of the

end product is jointly determined by the quality level of both suppliers. That is, the end product



Figure F.2  Comparison of Firm Profits in a Serial Supply Chain (6 =300, v=5)

aa

T

is non-defective with probability ¢;¢., and defective with probability 1 — g;¢,. Traceability enables

the buyer to identify the defect-causing supplier once a defect occurs.

Figure G.1 An Assembly Supply Chain
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The buyer’s contracting problem in an assembly supply chain without traceability is formulated

as
2

max mp(wla(w)) =p[ [ @(w) -1 ll—Hdi(W)] - <Zw> Hdi(w

i=1
75, (Gi(W)|wi, ¢—i(w)) = 0,7 € {1,2} (IR,)
¢;(w) = argmax 7g, (¢;|w;,q-;),i€{1,2} (IC;)

qi

s.t.

where 7g, (¢;|w;, q—;) = wiqiq—i — C(g;) for i € {1,2}.

The buyer’s contracting problem in an assembly supply chain with traceability is formulated as

2 2
max Tp(W[Gi (w1), G2 (w2)) pHQz w;) —1 ll—H@(wi)] _Zwiqi(w
i=1 i=1

s, (qi(w;)|w;) > 0,1 € {1,2} (IR;)
s.t. ¢i(w;) = argmax g, (q;|w;), i€ {1,2} (IC;)

qi

(G.2)

where 7g (¢;|w;) = w;q; — C(q;) for i € {1,2}.

G.2. Equilibrium Analysis and Results
PROPOSITION G.1 (EQUILIBRIUM WITHOUT TRACEABILITY IN AN ASSEMBLY SUPPLY CHAIN).

In an assembly supply chain without traceability, there exists a unique equilibrium such that the



buyer offers wholesale price wN* = 2 4o supplier i € {1,2}, and supplier i chooses quality level

1 Y
Ne_ (prt\ 772
o= (82)"
PROPOSITION G.2 (EQUILIBRIUM WITH TRACEABILITY IN AN ASSEMBLY SUPPLY CHAIN).

In an assembly supply chain with traceability, there exists a unique equilibrium such that the buyer

-1 1 X
offers wholesale price w]* = (p+ l)b (%) 72 <l) 4o supplier i € {1,2}, and supplier i chooses

Y
1
: T +1) 72
quality level q; * = (%)
THEOREM G.1 (COMPARISON OF EQUILIBRIA IN AN ASSEMBLY SUPPLY CHAIN). In an

7

assembly supply chain, traceability decreases the wholesale prices, but does not change the suppliers

quality levels, the buyer’s or the suppliers’ expected profits, or the total supply chain profit.

H. Buyer’s Product Inspection
H.1. Model

In the main model, we focus on the scenario in which the buyer sells the product to the market
without inspecting the quality. This could correspond to cases where inspection is infeasible or
prohibitively costly. However, in other cases, the buyer may inspect the product before selling to
the market (e.g., Balachandran and Radhakrishnan 2005, Hwang et al. 2006, Lee and Li 2018). In
this extension, we study a setting in which the buyer chooses the optimal inspection level, 8 € [0, 1],
which represents the probability that a defective product is identified by the buyer and returned to
the supplier without payment. Consistent with the literature, we assume that the buyer’s inspection

cost is I(B) = % 132, where p > 0 measures the efficiency of product inspection.

H.1.1. A Serial Supply Chain. When the buyer inspects the product before selling to the
market and chooses the inspection level 3, the buyer’s contracting problem in a serial supply chain

without traceability is formulated as

max 7 (wr, Blqr (w1, Wa(w1)), Go(wy, Wa(wr)))

ZPHCE(whﬁb(wl)) —1|1- H(ji(wlﬂbz(wl)) (1 - ﬂ) —w HQNi(w17w2(wl)) - I(ﬂ)

s, (Wa(w1), 1 (w1, Wa(w1))[wr, Go(wr, We(w1))) =0, (IRy)

wz(wl) = argmax 7r51(w2,c]1(w1,w2)|w1,cj2(w1,wg))

w2

s.t.

T, (G2 (w1, wa)|wa, §1 (w1, ws)) >0, (IR2)
¢ (w1, wy) = argmax T3y (we, q1|wy,q2), (ICy)
q1

@(wl, w2) =argmax g, (QZ|w2> Ch)» (102)
q2

s.t.

(H.1)
where s, (wQa Q1|w1a QQ) =wi1q192 — C(Ql) — W1q1¢2 and 7752(q2|w2,q1) = W2q1q92 — C(Qz)-

The buyer’s contracting problem in a serial supply chain with traceability is formulated as



10

Iﬂ{ll'?% mp(wi, Blqi (wr, W2 (w1)), G2(Wa(w1))) = pgi (w1, W (w1))Ga(Wa (w1 ))

—1 [1 - (jl(wlan(wl))(jQ(wQ(wl))} (1= B) —wiGi (w1, W2 (w1)) G2 (W2 (w1)) — I(B)
s, (W2 (w1), Gy (wr, W (wr))|wr, Go(We(wy))) 20,  (IRy)

@z(wl) = argmax Wsl(wm 61(w1,w2)|w1a (jz(wz)) (H 2)
wo .

7, (G2(w2)|w2) = 0, (IRy)

st %(wlawz):argma}( 7r51(w2aQ1|w1aQQ)a (Icl)
U q1

¢2(wy) = arg max TSy (q2]w2), (ICy)
q2

s.t.

where sy (w2, Ch‘wlaﬁh) =wi1q192 — C(Ql) — Waqo and TS, (Q2’w2) = W22 — C(CI2)-

H.1.2. A Parallel Supply Chain. When the buyer inspects the product before selling to
the market and chooses the inspection level 5, the buyer’s contracting problem in a parallel supply

chain without traceability is formulated as

max (W, Blq(w)) :qu](W) -1 [1 - chl(w)] (1-p8)— (Z wi> Hgi(w) —I(B)

s, (G:(W)|wi, G—i(w)) 20,1 € {1,2} (IR;)
g (w) = argmax s, (g:lwi,q-i),i€{1,2} (IC;)

g3

(H.3)
s.t.

where 7g,(q;|w;,q_;) = w;q;q_; — C(q;) for i € {1,2}.

The buyer’s contracting problem in a parallel supply chain with traceability is formulated as

ra%x (W, Bl (w1), Go(ws)) = %pzﬁﬁ(wi) - %l Z [1 - (ji(wi):| (1-8)— Zwi@i(wi) —1(B)
‘ s, (@i (w;)|wi) 2 0,4 € {1,2} (IR;)
8.t Gi(w;) = arg max 7, (qilw;), i€ {1,2} (IC;)

93

(H.4)
where 7g (¢;|w;) = w;q; — C(q;) for i € {1,2}.

H.2. Equilibrium Analysis and Results

We show that the equilibrium outcomes remain qualitatively unchanged and our main insights
regarding the impact of traceability carry through. For example, in a serial supply chain, with
traceability, the downstream supplier always invests disproportionately more than the upstream
supplier compared to the case without traceability (see Propositions H.1 and H.2). Besides, as
Figures H.1 and H.2 illustrate, traceability always improves the product quality and all firms’
profits in a serial supply chain. By contrast, in a parallel supply chain, traceability can improve
the buyer’s profit while reducing the suppliers’ profits and the product quality (see Figures H.3
and H.4). Furthermore, we find that regardless of the supply chain structure, the buyer always

chooses a lower inspection level with traceability than without (see Figures H.1(e) and H.3(c)).
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Hence, in both serial and parallel supply chains, traceability and product inspection can work as
partially substitutable instruments for quality management. Finally, we can also see that as product
inspection becomes more costly (i.e., as p increases), traceability creates higher values to all firms
in a serial supply chain (see Figure H.2), whereas it creates higher values to the buyer and the
supply chain while creating lower (or even no) values to the suppliers in a parallel supply chain
(see Figure H.4).

ProrosITION H.1 (EQUILIBRIUM WITHOUT TRACEABILITY IN A SERIAL SUPPLY CHAIN).
When the buyer inspects the product before selling to the market, in a serial supply chain without

traceability, there ewists a unique equilibrium such that the buyer chooses inspection level BN* that

_gNt\1] 72 _gNt

satisfies (v —1)72 [W] =1- “iﬂ and offers wholesale price wy* = w
_gNt

to the downstream supplier, the downstream supplier offers wholesale price wévi = 72[“[(;5 )

to the upstream supplier, and the downstream and the upstream suppliers’ quality levels are

_1_
A = [2[”(1—/3”)]“‘”%] h [2[1)”(1‘/3“)](7—1)%
Nt

and ¢t =

2
073 773 ] , respectively. Moreover,

Y

witfwyt =22 and /g3 = (v—1)7 > 1.

PROPOSITION H.2 (EQUILIBRIUM WITH TRACEABILITY IN A SERIAL SUPPLY CHAIN).
When the buyer inspects the product before selling to the market, in a serial supply chain

with traceability, there exists a wunique e%uz'libm'um such that the buyer chooses inspec-
2o |77
97%

I _

tion level BT* that satisfies [ =1- %Ti and offers wholesale price w;f =

_gTt
2li(1-5T1)] to the downstream supplier, the downstream supplier offers wholesale price ngi =

1 292 —29+1

1 =
2 [p—i—l(l—BTi)]]x_g ()77 (l) "7 4o the upstream supplier, and the downstream and

L
1 1
_pT% =2 _gT% -2
2[,@:1(;5 )]] and ¢&F = [2[17”(1 s )]] ’
Y

respectively. Moreover, wi*/wit =~/q¢l* >~ and ¢/ /qi* = 'y% > 1.

the upstream suppliers’ quality levels are qlTi =
Oy 7

ProrosITION H.3 (EQUILIBRIUM WITHOUT TRACEABILITY IN A PARALLEL SUPPLY CHAIN).
When the buyer inspects the product before selling to the market, in a parallel supply chain without
traceability, there exists a unique equilibrium such that the buyer chooses inspection level BNT

p1(1-pNT) i pri(1=6"")

=2 ;
that satisfies [ 72 } =1- # and offers wholesale price wfv to supplier

1
pri(1-pN1) | 772
0~2 :

i€{1,2}, and supplier i chooses quality level ¢ = [
ProPoOsITION H.4 (EQUILIBRIUM WITH TRACEABILITY IN A PARALLEL SUPPLY CHAIN).
When the buyer inspects the product before selling to the market, in a parallel supply chain with

traceability, there exists a unique equilibrium such that the buyer chooses inspection level BTT
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i p+(1-6")

20~2 l

_gTiy] 7T
that satisfies [M] —1— s g offers wholesale price w;‘F =—5— to supplier

1
p+l(1—BTT):| 7=t

i€{1,2}, and supplier i chooses quality level ¢! ' = [ STEE

Figure H.1 Comparison of Contracts in a Serial Supply Chain (p = 1000, § =300, v=5)
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Figure H.2 Comparison of Firm Profits in a Serial Supply Chain (p =1000, 6 =300, v =5)

Figure H.3 Comparison of Contracts in a Parallel Supply Chain (p = 1000, § =300, v =5)

I. Suppliers’ Exogenous Loss
I.1. Model

Throughout the paper, we assume that only the buyer will incur an exogenous loss when a defect
occurs in the end market. However, besides losing wholesale price payments, suppliers may also suf-

fer from reputation damage and market loss (e.g., Plambeck and Taylor 2016). In this extension, we
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Figure H.4 Comparison of Firm Profits in a Parallel Supply Chain (p = 1000, 6 =300, v=5)

W'UH‘UI”H'
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assume that the suppliers will incur an exogenous loss [, > 0 when a defect occurs. Correspondingly,

Assumption 1 is replaced by the following;:

AssumMPTION 1.1 (EXISTENCE OF INTERIOR SOLUTION). 6 > EHH2s,

Moreover, we also assume in this extension that [, is not prohibitively high in order not to over-
complicate the model; otherwise, whether or not the suppliers’ individual rationality constraints
are binding simultaneously for the cases with and without traceability would need to be discussed,

while the main insights would still carry through.

I.1.1. A Serial Supply Chain. When the suppliers incur a loss [, under defect, the buyer’s

contracting problem in a serial supply chain without traceability is formulated as

HllUEIX T (w1 |qr (wy, Wa(wy)), Go(wy, We(w,)))

2
—quzwl,wz (w1)) —1 1—quw1,w2 (w1)) —wH (w1, Wz (w1))
=1

s, (wz(wl)ﬂl(whwz(wl))\wlaQ2(w17w2(w1))) >0, (IRy)

8-t We(wy) = argmax mg, (we, G (wr, w2)|wy, G2 (wy,ws)) (I.1)
wo
7752(@2(w17wz)‘w27q~1(w17w2)) =0, (IR2)

51(1017102) =argmax 7g, (w27Q1’w17Q2)7 (ICI)
q1

52(1017102) =argmax g, (Q2|w2,Q1), (102)
q2

s.t.

where s, (w2, Q1‘w1,Q2) = wWi1q192 — ls(l - Q1Q2) - C(Ql) —Wsq1G2 and TS, (Q2’w27 Ch) = W2G192 — ls(l -

0142) — C(q2)-
The buyer’s contracting problem in a serial supply chain with traceability is formulated as
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max T (w1 |Gy (w1, We(w1)), G2(Wa(w1))) = pgr (w1, Wa(wr)) G2 (Wa (w1 ))
—l[l—51(w1,w2(w1))§2(w2(w1))} —wy Gy (wy, We(w1)) G (Wa(w1))
s, (W (w1), @1 (w1, Wo(w1))|wr, G2(W2(w1))) 20, (IR1)

@2(w1) =argmax 7g,; (w2, C]l(w17w2)’w17 612(102)) (I 2)
w9 .

w52(c]2(w2)|w2) =0, (IRZ)
st Ql(w17w2) =argmax g, (w27Q1’w17Q2)7 (Icl)
e q1

o (w2) =argmax mg, (Q2’w2)7 (102)

q2

s.t.

where U (w27Q1’w17Q2) =wi14192 — ls(l - CI1CI2) - C(Ql) — Waq and TS, (Q2’w2) = Wa(q2 — ls(l - CI2) -
C(CI2)-

1.1.2. A Parallel Supply Chain. When the suppliers incur a loss [, under defect, the buyer’s
contracting problem in a parallel supply chain without traceability is formulated as

2

max me(w|q(w)) :qui(W) —1 [1 —chl(w)] — (Zm) H(jz(w)

=1
s, ((ji(w)‘whg—i(w)) > Ovi € {17 2} (IRl)
¢;(w) =argmax g, (¢;|wi,q—i),1 € {1,2} (IC;)

q;

where 7751-(%'|wia q-i) = w;iq;q—; — (1 — qiq—;) — C(q;) for i € {1,2}.

The buyer’s contracting problem in a parallel supply chain with traceability is formulated as

max  mp(W|Gi (wr), Ga(w2)) quz (w;) —lH [1—(11 wl]

1
+§ p—1 qu (w; [1— i ] szql (w;) (1.4)
{m( Gi(w >rw>>Oze{1 2) (IR,)

¢i(w;) = argmax g, (¢;|w;),1 € {1,2} (IC;)

q;

where g (¢;|w;) =w;q; — (1 —q;) — C(g;) for i € {1,2}.

1.2. Equilibrium Analysis and Results

We show that the equilibrium outcomes remain qualitatively unchanged and our main insights
regarding the impacts of traceability carry through. For example, in a serial supply chain, we find
that the downstream supplier still invests disproportionately more than the upstream supplier
compared to the case without traceability (see Propositions I.1 and I1.2). More importantly, as
shown in Figure 1.2, all firms in a serial supply chain always benefit from traceability at the same
time, and traceability always improves the upstream supplier’s profit to a greater extent compared

to the downstream supplier. On the other hand, in a parallel supply chain, as shown in Theorems
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1.1 and 1.2, while traceability always improves the buyer’s profit and the total supply chain profit,
it can reduce the suppliers’ profits and the product quality particularly when the loss incurred by

the buyer under defect is large.

PROPOSITION 1.1 (EQUILIBRIUM WITHOUT TRACEABILITY IN A SERIAL SUPPLY CHAIN).
When the suppliers incur a loss l, under defect, in a serial supply chain without traceability,
there exists a unique equilibrium such that the buyer offers wholesale price w{vi = w to
the downstream supplier, the downstream supplier offers wholesale price wé\’i — 2(P+l)*(‘zy*22)(v+2)ls

to the upstream supplz'er,land the downstream and the upstream suppliers’ quality levels are

=117 117
q{v;t = {2(p+l+2lzl(3v—1) and qévi = [2(p+l+%l§;(v—1) ] , respectively. Moreover, q{\[i/qé\“p =

(y—1)7 >1.
PRrOPOSITION 1.2 (EQUILIBRIUM WITH TRACEABILITY IN A SERIAL SUPPLY CHAIN). When
the suppliers incur a loss l, under defect, in a serial supply chain with traceability, there exists a
-1
umque equzlzbmum such that the buyer offers wholesale price w)* = [ngTi + (v — 1)l5] T (wy '+

ls) 6T (97)7*1 — I, to the downstream supplier, the downstream supplier offers wholesale

price wQTi to the upstream supplier, and the downstream and the upstream sulppliers’ quality

Ly WTt =T
levels are q¢iF = [ngi + (v = 1)L] 7( by, )V(W ) (%) " and @t = [%THS] , respectively,

5
where wy* satisfies (p + 1+ 1) (wy ' +1, )”” 1 (9)7_51 (l) o 272wy T + (v = 1)(2y + 1)I,] =

S
=1
[Pwd "+ (= D)+ DL [ywd + (= L] 7 Moreover, g /g]* > (v=1)F > 1.
PRrOPOSITION 1.3 (EQUILIBRIUM WITHOUT TRACEABILITY IN A PARALLEL SUPPLY CHAIN).
When the suppliers incur a loss I, under defect, in a parallel supply chain without traceability,
there exists a unique equilibrium such that the buyer offers wholesale price wfv [ m to

1

supplier i € {1,2}, and supplier i chooses quality level qNT = (erelel )772 .
PROPOSITION 1.4 (EQUILIBRIUM WITH TRACEABILITY IN A PARALLEL SUPPLY CHAIN).

When the suppliers incur a loss I, under defect, in a parallel supply chain with traceability, there

. . S . Tt _ ptl—2(y—1)ls .
exists a unique equilibrium such that the buyer offers wholesale price w; ' = % to supplier

1
i€{1,2}, and supplier i chooses quality level q] ' = (%) T

20~
THEOREM I.1 (COMPARISON OF CONTRACTS IN A PARALLEL SUPPLY CHAIN).  When the
suppliers incur a loss I, under defect, in a parallel supply chain,
(a) traceability always decreases the wholesale prices;

(b) there exists a threshold for the loss under defect, [= 29],22 —p — 2l,, such that traceability

improves the suppliers’ quality levels if | < l~, and reduces the suppliers’ quality levels if | > l.

THEOREM .2 (COMPARISON OF FIRM PROFITS IN A PARALLEL SUuPPLY CHAIN). When the

suppliers incur a loss I, under defect, in a parallel supply chain,
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(a) traceability always improves the buyer’s expected profit and the total supply chain profit;
(b) traceability improves the suppliers’ expected profits if | < l~, and reduces the suppliers’ expected
profits if 1 > 1.

Figure 1.1 Comparison of Contracts in a Serial Supply Chain (p = 1000, 6 =300, v=5)

(a) wyF —wi'* (b) wy * —wy™* (€ aiF—q't dat—at () aita —a /et

Figure 1.2 Comparison of Firm Profits in a Serial Supply Chain (p= 1000, 6 =300, v=5)
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