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Chapter 4 Conclusion
4.1 Theoretical contributions

This thesis contributes to two main streams of literature: the second-hand luxury market and
the use of blockchain technology for luxury brand authentication (Shen et al., 2020, 2021). While
prior studies have explored these topics separately, they have not examined the simultaneous impact

of blockchain on brand exclusivity and profitability in the second-hand luxury market.

Essay one uses a single-period game-theoretic analytical model to analyse brand-appropriate
strategies for blockchain technology in the second-hand market, considering factors such as the social
value attached to knowingly purchasing counterfeits, the brand’s aspirational value, and status utility.
Our findings offer valuable insights for luxury brand managers regarding the role of blockchain
technology, luxury identity, and product quality in preserving brand exclusivity and the circumstances

under which the second-hand platform can impact the brand's aspirational value.

Building on essay one, essay two proposes second-hand platform strategy implications for the
luxury brand. A single-period game-theoretic analytical model is proposed to examine two benefits of
blockchain implementation. The first benefit is product authentication captured through changes in
status utility. The second benefit is product ownership record desirability captured through gains in
utility. Furthermore, the allure of a luxury brand is magnified by its impressive resale value,
underscoring its significant asset value. This symbiotic relationship between the prices of new
offerings and their resale values not only enhances the brand's appeal but also raises the price bar for
the entire collection (Kapferer & Bastien, 2012). Essay two suggests that focusing on a specific
timeframe characterized by neutral market sentiment towards luxury brands can help in decoupling
the relationship between new product price and resale value, thereby being helpful in gaining insights
into a clearer understanding of the second-hand market. The findings in the study can serve as a

stepping stone for further research in developing effective strategies for luxury second-hand markets.

4.2 Limitations and future research directions

While these essays provide valuable insights, there are some limitations that present
opportunities for future research. First, it is important to acknowledge that this study assumed
consumer product valuations are heterogeneously distributed with a uniform distribution,
which may not accurately reflect societal wealth distribution. Future research could explore
the impact of different income levels on consumer valuation of luxury brands. Second, with

sustainability becoming an increasingly important factor for both consumers and companies,
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it would be valuable for future research to examine brand strategies that appeal to

environmentally conscious consumers (Feng et al., 2020; Klaus & Tynan, 2022)

Third, luxury brands have observed that young consumers value access to luxury
more than owning them permanently (Luxe Digital, 2022). This shift has prompted luxury
brands like Kering to offer rental services (Feng et al., 2020; Chitrakorn, 2021). Fourth, , as
the luxury industry (valued at $1319B in 2022) increasingly enters the sharing economy, it is
crucial to determine the optimal strategy for luxury brand in engaging with second-hand
platform and rental platform (Cisse, 2020; Feng et al., 2020). Fifth, in addition to second-
hand and rental markets, luxury brands are expanding into the metaverse to target new
consumer demographics like gamers, warranting analysis of these strategies together (Girod,

2023).

Sixth, luxury brands are interested in emerging markets like India and China, where
the number of millionaires is projected to grow by 105% and 97% by 2026, respectively
(Schorrocks et al., 2022). Despite Balenciaga and Reliance Brands Limited has signed a
partnership deal (D’Souza, 2022), brands in India need to comply with regulatory
requirements, such as sourcing at least 30% of the value of goods locally (DPIIT, 2020).
Additionally, these brands will face tough competition from homegrown luxury brands like
Sabyasachi and Heaven Gaia, which resonate with their culture. Considering these

complexities alongside second-hand opportunities could provide impactful insights.
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Chapter 5 Proofs of the results in Chapter 2 and 3

5.1 List of Appendix for chapter 2

Appendix A: Summary of Notations

Table A.1: Parametric notations

Notations Definitions Parametric

Ranges

Pa; Price of player o in case j. Where j= bl, b2, c1, ¢2, ¢3 & c4 and o= [0,00)

B,S&C

A Second-hand product quality [0,1]

) Counterfeit product quality [0,1]

H Reselling utility gain sensitivity parameter [0,1]

Y Consumer’s perception about quality of product [0,1]

i Brand Identity/ Luxury identity [0,1]

S Second-hand Platform acquisition cost [0,0)

a Authentication cost [0,1]

" Consumer valuation threshold for player o for case j [0,1]
Ty Profit for player a for case j (—00,0)
SUy, Exclusivity of a luxury product for case j (—00,0)
cw, Consumer welfare function for case j (—o0, )

Table A.2: Utility functions (Ua ; ) expressions. Where j=b1,b2, cl,c2,c3 & c4anda=B, S & C

Luxury Brand product Second-hand product Counterfeit product Non-
Cases (B) oS ©) Buyers
™)
bl 1. NA 1. iT,
v_pBb1+_l(TCbl+l) 5V_pc1;1+_l(TCb1+l) —
2 2 2
b2 1 NA NA 7,
V_pBb2+_i(TSb2+1) P
2 2
cl 1. 1, 1, i,
v—chl+Ez(TCCl +1)+ypscl v((1—7)5+7)—pScl+EZ(TCC1+1) 5v—pCcl+51(TCCl+1) BN
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c2 1 1 NA 7.
V= Pp t 2 (TsCz +1)+/Jp5c2 AV = Pser + 2 (TSC2 +1) %
c3 1 1 1 iT.
V= Pgs T 2 (TCc3 +1)+,Up3c3 VA= Pgs + 2 (TCc3 +1) OV=DPes + 2 (Tca +1) l ;3
c4 1 1 NA /T,
V= Ppast 2 (TSc4+])+/Up5c4 VA= Pses + 2 (TSC4+1) %
Table A.3: Profit function (ﬂ'aj) expression. Where j=b1, b2, cl,c2,c3 & c4and 0=B,S & C
Luxury Brand product Second-hand product Counterfeit product
Cases (B) o ©
bl pBbl(l TBbl) NA (pCbl _5)(TSb1 _TCbl)
b2 (Poy2 = a)( Bb2) NA NA
cl chl(l_TBcl) (pScl Z)(TBLI &1) (pCcl _5)(T5c1 _chl)
02 (pBCZ )(1 TBCZ) (TBCZ _TS(Z) (pSc2 A)(TBC2 SCZ) NA
c3 szB(l TBCB) (pScs _ﬂ')( Be3 sa) A) (p<1c3 _5)(T5c3 _Tas)
c4 NA

(ch4 )(1 TBC4)

(pSL’4_a /1)( Be4 T5c4)_S

Table A.4: Exclusivity (S Uy, ) expression of luxury product. Where j=b1, b2, c1, c2, ¢3 & c4

Case Calculation for Exclusivity
bl 1]

ij : i(Ty +1)dv
b2 1

I i(Ty, +1)d
cl 1

j i(Te., +1)d
c2 1

-[T TScZ + 1
c3 1

j 3 i(Tes +1)d
c4 1

-[TS . TSc4 +1

54




Table A.5: Luxury consumer welfare function (C W]) . Where j=b1, b2, c1, c2,c3 & c4

Case | Expression

bl 1 1
| (§(i+2v—2 Dot +iT0, )jdv

TEbI

b2 LM . .
I (—(l+2v—2p3b2+lTBbz)Jdv

TB/?Z

cl L
j (5(1 + 2V— 2pb’cl + 2ﬂpScl + iTCCl )j dV
Tper

c2 el
j (5(l+2\}—2p3(2 +2ltlpSc’2 +lTjS'c2) dV
Tger

c3 L
‘[ (5(1 + 2V_2p3c3 + 2/upSc3 + iTCcS) dv
TBL‘3

c4 L
_[ [§(i+2v—2p&.4 +2upg., +iTsc4) dv
Ty
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Appendix B: Equilibrium expressions

Table B.1: Equilibrium Outcomes

Case | Notation Expression
* 4+i—(2+i)0
bl P 820
p::m (i (-1+6)+86-2i(6+(-9+8)8) (88 +i(~4+Ti(~1+5)+25(3+5)))
16(2+i)’ (~4+5)* (1-8)8
b2 p;’bZ (2+24a+i)
p;cl 87 (—1+6)” u=28(3+8(-24 p)+2 A (1 pa) )7 (—148)(8+i(L+ ) +25(-249 1) -4 ,u(2+/1+l‘u))+y(i(—1+§)(l+/4)+452(—2+3 y)—4(2+/1+2./1)+25(9—5 p=24(-1+ ,/))))
(4(—35+y(—4+§(4—3/¢)+7(—l+5)(—l+3,u))))
cl p;a iy(<1y+8=18) 42 y(-148)-8)( 7 (-1+6)+5+2A+y (1-25+2441))
2(=38+y(~4+8(4-3u) )+ (~1+6)(-1+3 )
pzcl i;/(—l+(§')(4+;/(—l+3;1))+2(5(—2(25+/1)+y2(—1+§)(—2+3/1)—7(5+36(—2+y)+2/1;1))
4(=35+7(~4+8(4-3 )+ (-1+5)(-1+3u))
* 42246 Au=2 27 p+2 2% 12 —i(— 1+ A)(1+ )+ 2a(5+ 1) 1+ Ap)
o Pper 8+ A(-2+64)
p* i=iA+2a(14A+Au )+ A(3-A+2 Au)
Se2 4+ A(—1+3 1)
Do (B(—4+42-8 20422 (<L) (=1 2) 2 40) e A 8+42% (<2 s =i(~1+ 2) 2+ 14 A(-2+34) )
( 8(-2+2(24u ) J-a2( -4+ a(4447 )))
3 p;a i(8-2)(—1+A)+2A(S(-2+2A— )+ A(4-4 2+ 1))
( 2+1(2+,u2)) ( 4+l(4+,u ))
Dies (—2(5&(5(—4—/J+ﬂ.(4+y2))+/1(8+u—l(8+;t )))+i(§2 ATV R RV e )+5/1(5—/1(5+2;ﬁ))))
(44( 8(-2+a(2042 ) o444 2(4542 ))))
* 4426 A+ 407 u=227 1 +2a( =14+ A)( 2+ p) +i( ~1+ )2+ 1)
Pes —8+2z(4+y2)
c4 o 2a(—1A)+i( 1= A A4 A=)
Sed —4+l(4+,uz)
Table B.2: Exclusivity (SU’ . )expression of a luxury product at equilibrium. Where j= b1, b2, c1, c2,
aj
c3&cdand o=B
Cases Exclusivity of a luxury product
bl i(~4+i(=T+8))(1+28)( 2 (-7+8)+8(7-28)5-2i(2-95+36%
- 32(241) (—4+5)° 57
b2 16i—i(—2-2a+i)’
32
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cl (i(i(—6§+;/2(—1+5)(—1+3y)+7(—4+45—65y))+25(—25+2l+3y2(—1+§)y+y(—3+2§—35y+2ly)))(i(—65+y2(—1+§)(—1+3 y)+;/(—4+45—65/¢))+25(2(55+2)—y2(—1+5)(—4+9;1)+y(13—145+9§y+2741))))

2

(3252(—3§+}/(—4+§(4—3y))+}/z(—1+5)(—1+3y)) )

c2 [ (22 2p)~4a(l+ A Ap)+i( 2+ A+3Ap) N(Aa(I+ A+ Ap)i(2+ 443 Au) -2 A(T-24+5 A1)
822 (4+4(~143p))°

c3

(i(25(6—1)1/4(1+l,u)+i(—5(—1+l)i+52(—l+l+ly2)—12(—4+/1(4+/,12))))(25/1(5(8—81+,u—3ﬂ,u: )+A(—16+161—,u+3/1,uz))+i(—§(—1+l)ﬂ.+§2(—1+ﬂ.+l,u2)—12(—4+Z(4+y2)))))

(3252/17(5(—2+/1(2+ﬂz))—ﬂ(—“”(““z))y]

c4 _( t(—4a(—1+/1)+2).p(1+i,u)+[(—2+/l(2+/42 )))(—4a(—1+/1)+i(—2+/1(2+/12 ))+2/1(8+,u—/1(8+,uz ))) J

822(—4+l(4+y2 ))2

Table B.3. Demand (D;/. ) expression of a luxury product at equilibrium. Where j=bl, b2, c1, ¢2, ¢3
& c4

Cases Demand of a luxury product

bl —8(8-2)+(6-1)i*+2(87~75+8)i
A(o-a)(o-1)(i+2)

b2 (2-2a+i)

4

cl 87 (-148) 1=20(3+8(~-2+ )+ 2414 1) )7 (=148 )(84(2+ A) =4 A +i(1+ )42 (~2+9 /t))+}/(i(—1+5)(1+/1)+452(—2+3 y)—4(2+/1+,1/1)+25(9—5 /1—2/1(—1+/12))))

(4(—1+7)(—1+5)(—35+y(—4+5(4—3 )72 (-148)(-143 ,u)))

c2 (—4+21—6}4¢—212(—1+y)/4+i(—1+/1)(1+;1)—2a(—3+,u+l(2—y+/.¢2)))

(2(=1+2)(4+A(-1+31)))

c3 —O(4+ip+42u)+ A(8+ip+8Au)
46(-2+2(24427 )| 42(~4+2(4+12%))

c4 4+2apu+iu+4iu
8—2/1(4+/.t2)
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Appendix C: Notations of expressions used in intermediary calculations

Table C.1: Consumer valuation threshold (T o ) for player o for case j. Where j=bl, b2, cl, ¢2,¢3 &
c4danda=B,S & C

Cases | Notation Expression
bl T Pppr1—Pchi
Bbl =
2pep—i
Chl 25
b2 T 2ppyr—i
Bb2 2
TB " [’Bcl_(l"'!’)[’sn
C o
(1-7)(1-5)
cl T, Psa~re
Scl y(l—b')
2pce—i
Teu 26
P2~ Psca—HPsc2
9 Ty Loy Per P2
T 2pger—i
Sc2 2]
Ppc3—Psc3"HPse3
Tyes e
Pse3Pces
c3 Ty, T
2pees—i
TCC3 55
Ppea—Psca—HPsc
L T [ e
T 2pseqa—i
Sc4 21

Table C.2 Exclusivity (SUa j)expression of a luxury product. Where j= b1, b2, cl, c2, ¢3 & c4 and
a=B

Cases | Exclusivity of a luxury product

bl i(4é‘2—(2pchl—i)2)

857
b2 5(4_(2P51;2 _i)z)

8

cl i(46*~(2pc-iY)

857
c2 {4222 psea-iY’)

84?
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c3 (482 ~(2pees-iY)
867

c4 5(442—(2 pSM—i)z)
847

Table C.3: The demand Daj for player o for case j. Where j=bl1,b2,cl,c2,c3 & c4ando=B,S & C

Cases | Luxury product | Second-hand platform | Counterfeits
bl 1_ Psb1—Pchi - Ppp1—Pcp1 __ 2pep—i
1-6 1-6 26
b2 1— 2pgpa =i - -
2
cl 1— Ppa~(1+#) Psen Poa (I #)Pse1 _ Psq—Pear Psei=Pcer _ 2Pcal
(1=7)(1-9) (1=7)(1=5) 7(1=5) 7(1-9) 20
c2 ] — Prea=Psca=HPser Ppey~Psc2"MPscy _ 2Pser—i -
1-4 1-1 22
c3 1 _ PBe3TPsc3"HPse3 PBe3™Pse3"HPse3 _ Pse3”Pce3 Pse3=Pces _ 2Pce3—t
1-4 -2 -0 A-0 26
c4 ] — Pres=Psca=HPses Ppea—Psca=HPsca _ 2Pseq—i -
1-4 1-4 24
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Appendix E: Proofs

Proof of convexity of cases and equilibrium outcomes (As summarised in appendix B and

notations in Appendix A): In case bl, the demand of luxury and counterfeit product is

1-Ty, and Ty, —T,,, respectively. The Ty, is calculated by comparing Uy, and U, . Similarly,
T, is calculated by comparing U, and U,,,. Then these values are substituted in 7, and 7, .

The luxury brand and counterfeit player decide their price by maximizing profit 7, and 7, . Where

2 2
0% __ 2 Oand 5%1222( 1 —lj<o
a(me) 6-1 a(pcm) 6-1 0o

In case b2, blockchain technology for authentications eliminates the threat of counterfeit presence.

The brand incurs per unit authentication cost (a). The demand of luxury is 1—7},,. The Tj,,is

calculated by comparing U, ,and U,,, . Thus, luxury brand decides their price p,,, by maximizing

52
their profit 7,,,. Where Abzz =-2<0.
a(pBb2)

In case cl, counterfeit player strategically decides their price p.,, after observing p,. and pg.,.
Similarly, independent second-hand player decides their price py., after observing new product price

T

1> and

Dper - The demand of luxury, second-hand and counterfeit products are 1-7, .7, —

Ty, —T.,. The Ty, is calculated by comparing U, and Ug,, T

C

\1s calculated by comparing
Us,and U, , and T, is calculated by comparing U, and U, . The luxury brand, second-hand

player and counterfeit player decides their prices by maximizing their profit 7., 7, and 7.,.

o'n o’
Where = T <0 ’ Sel_ =9 (——L—+—£ )< and
a(chl )2 (her)ois) a(psu )2 (7(‘1‘*‘5) (—1+y)(—1+§))
Gzﬂc .
o =2(——=-1)<0.
6(pcCl )2 (7(—1+5) 5)

In case c2, the independent second-hand player benefits from brand’s use of blockchain technology

and agrees to pay the authentication charge on its demand to luxury brand. The demand of luxury, and

second-hand are 1-T, ,and T,,—T,,. The T,.,is calculated by comparing U, ,and Uj,and

T, is calculated by comparing U, and U, . The luxury brand, second-hand player and counterfeit
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player decides their prices by maximizing their profit 7z,, and 7&g,. Where,

—azﬂm =—2-<0and —82”&2 = 2(‘—1 + ‘1“;) <0
2 -+ 2 A -1+ :
a(pscz) a(psa)

In case c3, the luxury brand acquires the second-hand platform to strategically decide the resale value

of their products. The demand of luxury, second-hand and counterfeit products are

1-T,y, Ty — Ty, and Ty —To,

Be3 >~ B c c

;. The T, ,is calculated by comparing U, and U, I

C

518
calculated by comparing U and U, and T, is calculated by comparing U and U, . The

luxury brand and counterfeit player decides their prices by maximizing their profits 7, .,and 7.

2
Where, LC“Z = 2(#—%) <0for A>3 and
a(P0c3) a{ch3ap5c3}

holds true.

o'r
Be3 5 18 negative definite if lemma 1

Lemma 1 proof:

2 H+2
627[&3 A-1 1-2
==
a{ch3’pSc3} pt2 2 ,u+1+ 1
1-2 A-1 o6-4

For m,.,to be negative definite we require the first principal order of above hessian matrix negative

and second principal order positive. We can observe that first principal order is always negative

4(6-6,) =2 A1) (s )

(A-1)*(A-5)

whereas second principal order (z j will be positive if conditions in lemma 1

hold true. Where, 8, = 4242t 4y, = 2(\A+1-1).

In case 4, The luxury brand employs blockchain to authenticate their products and owns second-hand

platform to strategically decides the resale value of their products. The demand of luxury, and second-

hand are 1-7, ,and T, ,—T,. The T, ,is calculated by comparing U, ,and U, and T, is

calculated by comparing U, and U, , . The luxury brand player decides his price by maximizing

2
T4

their profits 7, ,. Where,
0 {ch4 > Pscs

5 is negative definite if lemma 2 holds true.

Lemma 2 proof:
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2 H+2

827ZBC4 A-1 1-2
@{pm’pm}z u+2 2(Au+1)
I-4  (4A-DA

For 7,.,to be negative definite we require the first principal order of above hessian matrix negative
and second principal order positive. We can observe that first principal order is always negative

4—/1(,uz+4) 2J1-1
(A-1’2 Ji o

whereas second principal order is >0for u<py,=

Proof of Proposition 1:

In this proof we are comparing case b1 and b2 to find conditions when blockchain could be profitable

for luxury brands. We compared 7, and 7y, and found that: 77;,, — 77, = 220=0n)  Where

ayp, >1Vie[0,1]= (a—a;p ) <0V a €[0,1] which means that Va <a,, = 7y, > 7y, - Table

D.1 tabulates the expressions for thresholds.
Proof of Corollary 1:

In this proof we are comparing luxury product demand and prices of case b1 and b2. We compared

Dy, , and Dy, and found that: Dj,, — Dy, = M Where a,,, <a,,, always, which means that

Dy,,>D;, Va<a,, . Similarly, we compared pj,,and p;,, and found that: pj,, — Py, =“5%.
25+i(2+5)
2(4—5)

Where 0>a' = —( ) which means that py,, > py, always. Table B.1 and B.3 tabulates the

expressions used in this proof.
Proof of Proposition 2:

In this proof we are concerned when and how a luxury brand can benefit form second-hand market

d(”;cl _ﬂ-;bl)

) =A(A-4,,), Where

presence. We compared 7, and 7y, and found that:

2 (=8 ey 48V (1) d(zy, — 7,
O0< A= 2(pHD)” (y(=6)+y+6)” (quAD) _=VAi> Z‘le we have ( Bel Bbl) >0.
(1—y)(1—a‘)(y2(5—1)(3y—1)+y(5(4—3y)—4)—35) di

We further tried to understand the behaviour of threshold A4,,. Part a) suggest that

dAp, _ (1=7)y(1-5) ddp, _ . .
i ——(4(y(]_5)+5)(”w))<O. In part b) we found that %—(l—llpz)Bwhere
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1-y)y . . . d&
0<B= 4(7+5(—7—;))2(1+m) and i, <0in parametric range suggest that d—gz > (. Table D.1 tabulates

the expressions for thresholds.
Proof of Corollary 2:

In this proof we are comparing luxury product demand of case cl and bl. We compared

Dy, and Dy, and found that:

= A(A—2,p,) such that 0< 4 = A0y o) u)ie)

(1=7)(1=8)(36+y(—4+6(4=3p) 7 (-1+8)(~1+3 1))

D, — D,

Bcl — Bb1

'.'(—35+7/(—4+5(4—3,u))+}/2(—1+5)(—1+3,u))<0V,ue[(),l] and A,p, >4, (checked

via plotting graph). This suggest that for A > 4,,,, D, > D, . We compared p, and py, and

found that: > ( in the parametric region.

d (P;cl ~ Poni )
dA

Proof of Proposition 3

In this proof we are concerned with finding the regions in second-hand platform acquisition cost in

determining appropriate strategies for a brand who is facing the threat of counterfeits. We compared

*

* * *
T gy and mwy, and 7y and 7, , found that:

oy = Mgy = (p;pz (1 _T;(73)+(p;c3 _ﬁ')(TBts —Tgs ))_S_(p;bl (l_TB*bl )) =Sip3 =S

gy = Mg :(p;c?y (I_Tz;cz)‘*‘(p;cs _ﬂ“)(T;ﬁ —Tgs ))_S_(p;cl (I_Tl;cl)) =S8,p3 =S

The above two equation suggest that if S <S,,,then 7, ., > 7, and if S <SS, then 7, > 7, .

Table D.1 tabulates the expressions for thresholds.
Proof of Proposition 4:
This proof aims to identify the optimal strategy regions for blockchain-enabled brands. We compared

Tapas Wyen»@nd 7y, and got the following result:

(220300 ~4( )3+ )42~ u(8+0))
16(—4+A-32u)’

* * . . . . . .
Ty = Mgyy = A(i =l p, (i —1,p,) where 0> A= and i,, andi,,,

are roots of f,,. Such that i,,<i,,, always in parametric region. This suggest that
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. . . * * . * * * %
Vie (’1134’ 12P4), T per > Ty, Otherwise  77,., < 7,,. When we compared 7, and 7, ,we get

following result:

T pes = Mg :((p;m _a)(l_T;c4)+(p;C4 _a_ﬂ')(T;M _T.;c4))_S_((p;b2 _a)(l_T;bZ )) =Sps =S

This suggests that V'S < S, ,,, 7., > 7T,,, otherwise 7, , <7y, .

And when we compared 7, and 7., we get following result:

Thea = Tpes :((pZ’M _a)(l_Tgc4)+(p;c4 _a_/l)(TBTcét —TSL))—S—((PZ& —a)(l—T;d)+a(T;d -T, ))

= Moy — Moy =S,p, —S . This suggest that V'S < S,,,, 7,,, > 7y, otherwise 75, < 7T,
By comparing above results we can understand that when
S <8'=min{S,,,,S,p,} thenzy,, > 7y, and 7y, > 7y, When S >S"=max{S,,,,S,,,} then

Vi €[iypyslips s 7oy > Ty, otherwise 7y, <7y,,. Table D.1 tabulates the expressions for

thresholds.
Proof of Corollary 3:

In this proof we are comparing luxury product demand of case c2 and b2. We compared

d(Dj., =Dy 1+ 1
Dy ,and Dy, and found that: ( = 2d Bbz) =221 a T <0. Similarly, we compared
i —2A+6Au
d( Pyer — Py 1-2)(1+
Py.,and p,, . and found that: (pB 2 pBbz) = ( J(+4) —— < 0in the parametric region.
fem e di 8+ A(-2+6u)

Proof of Proposition 5:
In this proof, our aim is to identify potential strategies that luxury brands can use to combat
counterfeits in the secondary retail market through the implementation of blockchain technology. We
compared 7, , and 7., and got the following result:

2/13+9/12+2/1+3)+22.(,uz+7,u—2)+8

d(7y,, — 7, 2
(L.BM)=A((1—CIP5)Where, 0<A4= ( _
dl 2A(A(Bu—-1)+4)

and a,;<0 in the

d(ﬂ;c‘Z _”;cl)

parametric domain. This result suggests that Va e [0,1], > (). Table D.1 tabulates the

di

expressions for thresholds.
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Proof of Corollary 4:

In this proof we are comparing luxury product demand of case c2 and cl. We compared

* * d (D;(;z - D;(;l ) (1+y)(—66+272(—1+b‘)(—1+3y)—y(4+i—31p+5(—8+6y)))
Dy.,and Dy, and found that: di - 4(=35+7(—4+8(4-3 1) 472 (—1+8) (<143 1) (44 (=143 1)) Upon

checking the numerator, we found that:

(—65+27 (=1+8)(=1+3u) —y (4+ A —=34u+5(-8+6u))) = A(§-5,) <0 V5 €[0,1],

7(4+A=3 Au+y(-2+6 1))
2=1+y)(3+7(-1+3 1))

where 0> A=2(-1+y)(3+y(-1+3u)) and 0>, = V 1 €[0,1]checked via

2~ Bl

d (D, - D}, )

graph. Similarly, checking the denominator of we found that:

di

(-36+7(-4+8(4-3u))+7" (-1+0)(~1+3u)) = A(u— 1) <0 where

0>A=3y(y(-1+6)=8) and 0> g =2CATCEND - gng (44 4(-14+3u))>0.

3y(7(—1+§)—§)

D*

d(D;; M) >0.

2

di
Proof of Proposition 6:

Our goal in this proof is to identify regions where luxury brands may lose their product exclusivity

due to quality of second-hand products. We compared SU,, and SU,, and found that:

SU e =SUpy = A(A = A pg (A= Ayp6) such that 4, = 4,5 = Bg(i, 6)

—(T+5)+8(=3+8)5+2i(2-6+67 )  (4+0)( 38+ (—4+5(4-3 )y (—14+6) (<143 1))
2(41) , 0<B= ()0 m)

where g (i, 5) = and

0>A=— (170’ | tri A t that SU >SU’,
(2(—35+}/(—4+5(4—3/1))+}/z(—1+5)(—]+3#)) i parametric Tange suggest tha Bel Bb1

when second-hand product quality is in the range of [im ﬂ.max]such that if g(i,0) >0 then

Aips < Ape and if g(i,6) <0 then A, > 4,p,. Table D.2 tabulates the expressions for thresholds.
Table A.4 shows the calculation of exclusivity of luxury product. Table B.2 tabulates the exclusivity

expression of a luxury product at equilibrium.

Proof of Corollary 5
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In this proof we are comparing luxury brand exclusivity of case ¢l and bl. We compared

2
d(SU,,, —SU, (i(1e)
SU,,, and SU , and found that: ( - > Bbl) = () -<0.
dA (—35+7(—4+5(4—3;4))+;/2(-1+5)(-1+3/1))
d(SU,  —SU, w
( = Bbl) = A(A—Ap) such that 0> 4=— dGe) > . Furthermore,

dA

(—36+7(4+5(4—3#))+/(—1+5)(—1+3,1))
if g(1,0) >0 then A, <A, <A,p,and if g(i,0) <0 then A, > A pg > 4,56 -
Proof of Proposition 7:

In this proof, our aim to check when an authentication technology will be deemed useful in increasing

the exclusivity of luxury product. We compared SUy,, and SU ,,, and found that:

SU;,, —SU;,, = 1) \yhere, a,,,—a,,, = f(i,5). This suggest that if f(i,&) > 0 then
Vae(ap,,a,p,), SUy, > SUp, and if f(i,5) <0 then Va €(ayp;,a,p,), SU,,, > SU,,, . Table

D.2 tabulates the expressions for thresholds. Table A.4 shows the calculation of exclusivity of luxury

product. Table B.2 tabulates the exclusivity expression of a luxury product at equilibrium.
Proof of Corollary 6:

In this proof we are comparing luxury brand exclusivity of case bl and b2. We compared

d(SU,,-SU;,)
da’* -

SU,,, and SU, , and found that: —-4<0.

d(SUg, —SU,, .
( Bb; Bll)z—ﬁ(a—a3p7), where a3P7=(_ZTH). Furthermore, If f(i,0) >0, then
a

Ay py < Ayp; < Q,p, and if f(1,0) <0, then a,,, > a;,, > a,p, . Similarly checking price, we found

d Py _ 1
da 2

>0.

Proof of Proposition 8:

In this proof, our aim to check when luxury consumer welfare is higher. We compare CW,, and CW,,
and found that: CW,, —CW, = A(a—a s )(a—a,p), where 0< A=1L and a,p3 > 1, a,p5 >

(Checked via graph). This implies that for a <a,p,, CW,,>CW,,.
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Proof of Corollary 7

d p, 1
In this proof, we check the price of luxury brand in case b2. We found that % = 5 >0.
a

Proof of Corollary 8

In this proof, we compared a,,, and a, ., and found that: VR, a,,, > a,,, checked via graph
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5.2 List of Appendix for chapter 3

Appendix F: Summary of Notations

Table F.1: Parametric notations

Notations Definitions Parametric
Ranges
Pa, Price of player « in case j.Where a € {S,F}and j e {C0,C1,C2,C3} [0,0)
H Luxury brand experience during purchase [0,1)
o Platform emphasis on luxury brand experience 0,1)
s Service quality performance of Brand 0,1)
Run mono brand second-hand market
A Consumers inclination towards price comparison 0,1
& Style closeness index of follower product 0,1)
d Blockchain-based product provenance benefit 0,1)
F Blockchain network participation fixed cost (with read only access) [0,0)
a Blockchain-based product provenance records maintenance per unit cost [0,1]
c Follower product cost [0,1]
deco Counterfeit product quality [0,1]
qr, Follower product quality, where j € {C0,C1,C2,C3} [0,1]
T, Consumer valuation threshold for player o for case j, where [0,1]
ae{S,F,C}and j€{C0,C1,C2,C3}
Ty, Profit for player « for case j. Where «ae{S,F,C}and| (—o0,0)
j€{C0,C1,C2,C3}
E, Exclusivity of a luxury brand for case j, where j € {C0,C1,C2,C3} (—00,0)
CS, Second-hand  product consumer surplus for case j, where | (—o0,)

j€1{C0,C1,C2,C3)

Appendix G: Equilibrium expressions

Table G.1: Equilibrium Outcomes

Case Notation Expression
Co p;co a5 (-8-e-82-4c,+2¢,(~1+q5 J+8qp +eqp +4Agy Jra,(4+e+42-eqp -4t +2c, (14q; )

4((4+qr)ar+4.(2+4r)) '

p:‘CO qr (—f—4cF +2cc_(—l+q1_- )-2qr+€qp+22qp +2q,2,- )+q[_(f—(—2+6+2/1)q}_— —quz_- +2cp (1+qF ))
2((—4+QF Var+4.(2+qx ))

*
Pcco s - qc(qF (—3f+4c,;—204.(—1+q,.-)+2q,,v—2/1q,.-—qu-)+q‘.(f+2(—l+f+l)q,,v+2q,2.-—2c',.-(l+qF)))
4 c a5 ((-4+4r )ar +4.(2+qr))
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Cl

p* €2 (4+e+22)~dep (€2 J48(2+e+22)qp —H(4+e+2 A )R
sc1
2(62+16qF—4q,2,~)

p* E +4(e—eAt+dep )qp —8(-1+e+A) a7 847
FC1
2(62 +16g, —4q,2.-)

C2 p;C2 €2 (2d+4s+e+2u)-4scp (6=2qp )+8s(2a+2d+2s+e+2 ) qp —4(2d+4s+e+2 1) qr

2(62 +16sq —4q12.—)

p* & +4(e(a—d+s—pu)rascy )qp +8(a—d+s—c—u)qp 843
FC2
2(52 +165q;: —4q%)

C3 p* 2 (4+2d+e+224200) ey (c=2q7 ) +8(2+2a+2d+25+¢+2A420u) g —4(4+2d+e+2A4250) 4
SC3
2(62+16q[;—4q§-)
p;c3 & +4(e(1+a—d+5-A-8u)+4cy qp +8(1+a—d+5—e—A—u)qp —8q3
2(e2+16g, 447
Table G.2: Exclusivity (E ; ) expression of a luxury product at equilibrium. Where j= C0, C1, C2 & C3
Cases Exclusivity of a luxury product
COo —(f(qF(8+f+8)»+205+4cF—(8+f+4ﬂv+2cﬁ)q1.-)+qc(—4—5—4i—261,-(1+qF)+qF(f+4qF)))((G—ZQ)(41+q,,—)q%+qcz(f+2(—5+f+/1—qp)qF—ZcF(lJqu))—chp(6—4cp+cc(2+4qF)+q1,-(—18—f+2/1+6qp))))
(32%(—”% )ar ((~4+47 ) +4. (244, ))2)
2
Cl 1 (e*+2qp (€ (-6+e+22)+acr (-2q5 J+4qp (4-c(2+e)-424qr (-6+e 420424y )
——€| —1+ 2 2
(6274(4+qp)qp) (62*4(*1+qp)qp)
C2 2qr|ele(—2a+2d+4s+e+2 p)—4scp 48s(—2a+2d+2s+e+2 putep )qp—4(—2a+2d+4s+e+2 u qlz?
F r r)4r
2
(52+4(5_qF)4F)
(54(f+;z)+ez(2ae—6(2¢/—16s+6)—2(—l0s+6),u+4xc,,)q,,—8(—2asf+2dse—(2s—f)(e(e+y)+s(36+4u))+xfc,.-)qi-+4(—2a6+6(2d—l6s+e)+2(—10x+e);z)qi~+16(6+y)qﬁv)
(62 +165q —4q‘2F )2

C3

2qp(e(~e(4-2a+2d+e+22+28(~1+p1))+4cp |-8(2-2a+2d +e+2A+28(~ 1+ p)ver )ap +4(4-2a+2d+e+22+28(~1+ 1) )qF )

(52 —4(—4+qF )qp )2

(e“ (e+0u)re? (=€ +200u+2¢ (8 +a—d+5—A—0u)+4er Jar —8(5(—6—2a+2d-25+5+52 +22)8(-2+e)(4+e)precy )qi. +4( €4 26(~B=ard+A+0(= 1+ ) |-200u g +16(e+5u)g )

(52—4(—l+qF Yar )2

Table G.3 Expression of second-hand luxury product consumer surplus (CS j) Where j= CO0, C1, C2
and C3
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2pies(e-2qp )~ (2d+6+2/1+2(>,u 23 Jar

1-

Cases Consumer surplus
Co .
1(, A+ . cle=2p A+ Preo — Do
2114 25 Prco ~ Psco. Prco = Psco 1+e+24-2pl0, — ( CCO)+ Prco ~ Psco
2 1=, 29, —1+q,
Cl 1 2piei(e-2ar )-2(€+24-2pic: Jar . (1+E)(2p7,-(~[(6—2q,,)—2(6+2ﬂ.—2p;(,l)qF)
5 (1 +dqp—4qr ) Ire+22- 2pSCl * e +4qp—4qy
C2 1 2piea(e-2a5 -2 2d+e+2u-2pcs )i (s+€)(2prca(e-2ar )-2(2d+e+2 -2 P2 ar )
E (1 2 +4sq, 42 ) 2d+s+e+2p=2pg, + € +4sq, 47
C3 (

j(1+2d+f+2/1+25u—2p;&+

(1+¢ )(2,7;,.(.3(5-24,,, )-2(2d+e42244204-2 pic ar ) )

€ +4‘I1- _4‘11- é +4qp _4‘12‘

N | —

Appendix H: Notations of expressions used in intermediary calculations

Table H.1: Consumer valuation threshold (T . J.) for player o for case j. Where j= C0, C1, C2 & C3 and
a=S,F&C

Cases | Notation Expression
Co Toco A+ Preo ~ Psco
—l+g,
Trcq DPcco = Prco
QL’ - qF
Teco _€=2Ppcy
2q,
Cl Tye, 6(6+2/1—2pSCl)+2pFCl(2+6—2qF)

et + 4q, —4q;

Trc, 2Prer (6—2‘]F)—2(5+2/1—2PSCI)QF
¢? +4q, —4%27

C2 Tees 2pFC2(f—2qF)—2(2d+6+2,u—2pSC2)qF
e’ +4sq,. —461,2:

T, c’(2d+c’+2,u—2psc2)+2pFC2(2s+f—2qF)
e? +4sq, —4q12r

C3 Toes (c(2d +e+2A+20u—2pges )+ 2Ppes (2+€-24,))
(¢* +4q, —4q;)
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e (2Prcs (6 =24, )—2(2d + € +24+26u—2py., ) g1 )

(52 +4q, —4q§)

Table H.2 Exclusivity (E/. ) expression of a luxury brand. Where j= C0, C1, C2 and C3

Cases Exclusivity of a luxury brand
o 16 1_5_2pcco 1+;°+pFC0_pSC0
2 2q. I1-q,
Cl 2
16 {— (2pFC1 (f—ZqF)—2(6+2ﬂ,—2pSCl)qF)
2 (€2+4QF_4q12~“)2
2 1 2ppea(6=2qp)-2(2d+e+2 u=2 pgcs )ap €(2prea(e=24r)-2(2d+e+2u=2pger )ar )
E(l - 62+4sq1,\—4q12, )(6 Ll 2” + 62+4sq1,—4q%< )
C3 1 2ppes(€=2qp )-2(2d+e+2A+281-2 pscs )ar e(2pres(e—2qp)-2(2d+e+2A425u-2pys )ar )
5(1 B e +4q,-4q; )(6 +20u+ E+4qp—4qr )
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Appendix J: Proofs

Proof of convexity of cases and equilibrium outcomes (As summarised in appendix F and
notations in Appendix G): In the case CO0, the demand of second-hand platform, follower brand and

counterfeit are 1-7..,, Ty =Ty and Tipoy —Iqy, respectively. The T, is calculated by
comparing Ug.oand U, . Similarly, 7., is calculated by comparing U,.,and U, and T, is

calculated by comparing U ., and U, . Then these values are substituted in 7., 7y, and 7.q,.

The second-hand platform, follower brand and counterfeit player decide their prices my maximizing

o -2 &’ -1 1
profit 7gc, ZTpcy and 7.q,. Where Zsco > = <0, Zrco > = 2( - J <0
a(Psco) 1-¢g, 5(pFCO) 9r—9c 1-q;

2
and aﬁccoz =—2( ! +iJ<O.
d(Peco) qr =4, 4.

In case Cl1, third party second-hand platform uses luxury brand shared product authentications

information to keep the counterfeits out from the market, raising the status utility for its consumers.
The demand of second-hand platform and follower brand are 1-7;., and Ty, —T.,. The T, is
calculated by comparing U, and U, . Similarly, T, is calculated by comparing U, and U, .

The second-hand platform and follower brand simultaneously decide their prices maximizing their

2
. . T -8
profit functions &g, and .., respectively. Where L = Ir <0 and

O(ps) € —4qp+4q,

azﬂFa _ -8

o(pr) € —44; +44,

<0 in parametric region.

In case C2, the second-hand platform is a mono-brand second-hand platform which facilitates in
providing the luxury experience to the second-hand consumers and records ownership transfer of
luxury product on blockchain based database. The platform focuses on maximising the aspirational

value luxury brand while deciding its prices. Consequently, follower brand strategically decides its

price ( p FCZ) after observing the second-hand product process in the market ( Psca ) The demand of
second-hand platform and follower brand are 1-7;., and Tg., =T, . The Ty, is calculated by

comparing U, and U, . Similarly, T;., is calculated by comparing U, and U, . The second-

hand platform and follower brand then sequentially decide their prices maximizing their profit
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627Z'sc2 _ -84,

2 2 2 and
a(pscz) 4sq, —4qy +e

functions

Mg, and 7., respectively. Where

2
O Tpey —8s

O(pren) 4505 —44; +e€

- 1s negative definite if lemma 1 holds true.

Lemma 1 proof:

o o*r
SC2 and FC2

a(pscz )2 a(chz)

For

— will be always negative if the denominator 4sg, —4q; + ¢ >0 .The

above quadratic equation in g is always positive for g, € [0, —“zfz”} .
In case C3, the second-hand platform is a multi-brand second-hand platform that records ownership
transfer of luxury product on blockchain based database. The platform focuses on maximising the

aspirational value luxury brand while deciding its prices. Consequently, follower brand strategically

decides its price ( p ch) after observing the second-hand product process in the market ( Pscs ) . The
demand of second-hand platform and follower brand are 1—7y.; and Ty —Tiy. The Ty, is

calculated by comparing Uy, and U . Similarly, T, is calculated by comparing U ,.,and U, .

The second-hand platform and follower brand then sequentially decide their prices maximizing their

2

Tscs -84,

> == 5 <0 and
O(pses) € —44r+44p

profit functions 7y, and 7..,, respectively. Where

O Tyes _ —8s
a(pFCB )2 4sq, —4q§ +é?

<0.

Proof of proposition 1:

In this proof we are comparing case CO with C1, C2 and C3 to find the conditions when benchmark

case is profitable choice for second-hand platform. We compared 7., and 7., and found that:

”;a _”;co = (p;a (1 — T, )—F) —(p;co (1—TS*CO)) =F, -F. Suggesting that for

F>F, =g, <7y, -
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* *
Furthermore, when  we compared Tgco and e s we found  that:

4qy (62 +85qr —4q,2.- )2

(fz +4(s—qr )qrp )(fz +165q, —4q}: )2

Tger = Tsco = A(,u_luwl)(,u _luzm) such that 0< 4= and f,p) > fhyp

for g, € (0,”—”22*62) . This implies for y € (u]m Aoy )s Tger < Tyco

Similarly, by comparing 7o, and 7.,, we found that 7., —7g., = B ( M= Hp )( M= 1 p ) such

452% (fz ’4(’2“11«' )‘hf )2

R e

that 0< B = and [,,, > I, in the parametric region. This implies for

HE ( Hprs o Pl), Kooy <Tgey- The above results suggest that for ue ( Moo ,umax) and
F'>Fp = Tgco > Tscys Tsco > Tses and gy > ey Where, 1, = max{ﬂmp/jual} and
M. =min { J7STA Pl} (" for most of the parametric region £, is lesser than fi,,,). Table D.1
tabulates the expressions for thresholds.

Proof of Corollary 1:

In this proof we are comparing second-hand product demand and prices of case C0O, C2 and C3. We

d(Dipy~Dj.) S

* * * SCO SC2 —4q, e +8sqr—4

compared Dy, Dg.,,and Dg.; and found that: =— il - :h ) <0 for
SCO S d/u (f'+4,w[,_-—4q;-)(6'+163q,,-—4qf-)

qr e[O—J_zJ and d(Dico=Dics) | asulesup-sa) <0.

d}u (62+4ql_~—4q12_~)(62+16q[.-—4q12.-)

d(p:*co_p:cz) 2 2
o . * * ® . . . _ € +8sqr—4q
Similarly, comparing pg.o, Psc,> and pg-; and found that: 4 = —62+16Wi_4q; <0 for

2 62 d p* _p* e+ e 12_.
qpe[o,—“ 5 J and ( SC; ) st iy
U

€2 +16g; —4q,2,-

Proof of proposition 2:

This proof compared the case C1 with CO, C2 and C3 to find conditions when platform should
collaborate with luxury brand for authentication information sharing. We compared 7Z';Cl and ﬁ;m,

4qF(8sqF —4q,2,- +52)2

d
(4qF(s—qF )+62 )(1 65qp —4&712F +é2 )Z an

and found that: 77g., — g = A(d —d,,,)(d —d,,,) such that 0 < A=

d,p, >d,p, for q. € (0,—”2?7*‘) Suggesting that for d €(d,,,,d,p,), Rgey < Tsey - Similarly, by

comparing  Zgqand g, we found that: Zg, —7Te = B(d—d,p,)(d—d,p,). Such that
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4‘1F(€2‘4(‘1F -2)ay )2 - -

0<B= i )2( — and d,,,>d,,, in parametric region. Suggesting that for
€ —qr )qr ) (€ =4(qr—1)qr

d 6(67”,2, 672},2), Rgey > Mgy . Furthermore, from proof of proposition 2 we know that for

F <Fp = g, >Tg,. The above results suggest that for de(d,,,d,, )and

min >
F < Fp = ey > ggs Moy > Moy ANA Ty > Moy Where, d . = max{d1 sd, Pz} and
d .= min{dzpz,gy,z} (. for most of the parametric region d,,, is lesser than 672},2 ). Table D.1
tabulates the expressions for thresholds. Table D.1 tabulates the expressions for thresholds.

Proof of Corollary 2:

In this proof we are comparing second-hand product demand and prices of case C1, C2 and C3. We

d Dy, — Dy, qr(8sqr—4qr+¢*
compared Dg.,, Ds.,, and Dg., and found that: ( X Scz) =— 41F,(8 - i) —=<0
d(d) (4s9,—4q7 +¢*)(165q; ~4g7 +€°)
[2 2 d D** _D*‘ 2 +8q,—4q>
for g, E[O,L;J} and ( X Su) =—73 torl 5 8q: at) = <0. Similarly, comparing
d(d) (6 +4q, —4q1_~)(6 +16q[_-—4q1_—)

. ; . d(p;a _p;cz) €2 4850 —4d” (7.2
Psc1> Psca» a0d pg., and found that: i@ = —62+1652F_412 <0 for g, € [O,S—z—s] and

d( o )
Psci — Pscs __ Btk

d (d) 2 +16q;—4q>

Proof of proposition 3:

This proof compares the case C2 and case C3 to find when luxury brand controlled second-hand

platform should be mono brand or multi brand. We compared ﬁ;cz and ﬂ;m and found that:

417 g (=4(gr-2)ar )

(Ez ~4(qp-4)qp )z (fz +4(1-q1 )qp )

71';C3 - ﬂ;cz = A(0 —0,p;)(0 — I, p;) such that 0< 4= and J,py > 0,p; In

the parametric region. This suggests that for & € (3,5, Gyps )» Tges < Tge,. Table D.1 tabulates the

expressions for thresholds.
Proof of Corollary 3:

In this proof we are comparing second-hand platform profits and prices of case C2 and C3. We

compared 77y, and 7., and found that:
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* * 2
— 2
d (”SCZ ﬂSC} ) _ 2qF(—62(—2+2,u)+8(2—2,u)qF+4(—2+2u)q;)

ds’ - (c*+4gp -4} )( +16g,—4g3)

<0Voe [0,1]. Similarly, we compared

d( peer — Pec o v
p;‘CZ’ and p;CS and found that: ( Sc2 S('3) _TH 8(1+4)qr +41qy <0V 5 c [0,1] )

d é‘ e +16q —4q12,

Proof of proposition 4:

In this proof we are checking the variation of brand exclusivity with consumers price sensitivity in
case CO, Cl and C3. We checked with E., E/, and E.; and found that:

d (ECO) _ C,(q(__ql__)(q(:+(—2+q,_-)q’,__) < 0 for q S q d (ECI ) - _ 165(]2‘(52+8qr —4412) < O
di? 2(~Togp )((~4+4r )ar+4.(2+4r)) T dx e )2(52 e |
AL S,
ind ) . - <0.
d (2 +4ar 402 ) (* 1160, 407

Proof of proposition 5:

In this proof we are checking the variation of brand exclusivity with product ownership transfer

desirability in case C2 and C3. We checked with E, and E[., and found that:

2 2
d (Ez‘z ) 1654%-(52+8.\'q,,- —4q12; )2 < O d d (Ez‘:l, ) 165(/,2;(62 +8qr —41],%)2
= — an =—
: d(d)’ (¢ +40, 443 ) (2 116,443 )]

<0.

d(d)2 (52 +4sqp—4q7 )2(52 +165g5 —4q,2,)
Proof of proposition 6:

In this proof we are checking the variation of consumer surplus of case C3. We checked with CS/,

. \2
d (CSC3) 16(-1e) g3 ((Bre)e +8(-Lre)gr —4(3+e)a7

and found that: = - >0 for g, <q,. Ve e[0,1]. Where
d52 (52 —4(—4+‘IF)‘IF )(52_4(_1‘“# )IIF) qF qF [ ]
qlr: — 2—26+\/4—866_+21:62—663+64 )
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