Appendix to
Optimal Contract Design in Sustainable Supply Chain: Interactive

Impacts of Fairness Concern and Overconfidence

Appendix A: Proof of Section 4

For the sake of convenience, we denote A = 43 — (o — §)%, B = 882X + 1) — (A + 1)(a — 9)?,
C =4822 ¢ + 26+ 1) + 1] — (A + 1)} (a — §)?, and D = 832X+ 1)(1 —n) — (A + 1)(a — §)2.
Under the assumption that 458 > a(a — d), we can derive that A, B, C, and D are all positive.

Proof of Lemma 1. By taking the first derivative of II3% with respect to p and e, we can obtain
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Therefore, the Hessian matrix is
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The Hessian matrix of H%% is a negative definite for all p and e because H(p,e) satisfies the
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conditions that —2 < 0 and 48 — (o — §)? > 0. Let
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Proof of Corollary 1.
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Appendix B: Proof of Section 5
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Proof of Lemma 2. Taking the second derivative of U{f , with respect to p, we have 9 (;; WP —

R
—2 — 2)\ < 0. That is to say, UL p is a concave function of p. Let a(]a% = 0, we can obtain
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the retail price reaction p(w,e) = . Substituting p(w, e) into U}lp, the
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Under the assumption that 45 > a(a — §), we can find the above Hessian matrix is a negative
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definite for all w and e. Let a%# =0 and 2Ywe — 0, we can get wyyp = 8B —OF 1) (@=0)
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Proof of Corollary 2.

and ejyp = 5yz- Substituting wjy p and ey, p into p(w,e), we obtain py,p =
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Proof of Corollary 3. The result presented in Corollary 3 can be verified immediately based on
the results shown in Lemma 1 and Lemma 2.

Proof of Lemma 3. Similar to the proof process of Lemma 2, we use the backward induction to
obtain the following optimal decision variables.
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Proof of Proposition 1. The result presented in Proposition 1 can be verified immediately based

on the results shown in Lemma 3.

Proof of Corollary 4.
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Proof of Lemma 4. Similar to the proof process of Lemma 2, we use the backward induction to

obtain the following optimal decision variables.
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Proof of Corollary 5.
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Proof of Proposition 2. Compare the optimal carbon reduction effort under the four game

models, we can find that
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4a5(a_6)[3’>4+l)1_2(2)‘+1)"]. Therefore, if the cost-sharing rate n is
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Moreover, we have ep- — efg =

3A+1

relatively high (i.e., % <n< m), then ep > efg. If the cost-sharing rate n is relatively low

(e, 0 <m< 1), then efg > efhe.
Proof of Proposition 3. Compare the optimal retail prices under the three game models (i.e.,

BC, WP, and CS contracts), we can find that pfg > pjyp and pfg > ppe. Moreover, we have
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Do — Dy p = 22fBa A da at20r 200 8645 ). Therefore, when the investment cost coefficient

. . . . (a—6)(5a+d)
is relatively high (i.e., 8 > =5~

A< %), then piy, p > pj- When the investment cost coefficient is relatively low (i.e.,

M)
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) and the fairness concern intensity is relatively low (i.e.,
B8 < W) and the fairness concern intensity is relatively high (i.e., A >
then ppo > plyp. Therefore, Proposition 3 is verified.

Proof of Corollary 6. Notice that
T, — TIMy = azﬂ[166(1+)\)(1+2>\)(1;7))—(1+/\)2(a—6)2(2—71)] <0,

TIM: — T = aQB[(1+A)3(a—6)2(2—n)—4(1zg(1+2A)(1—n)(2¢+2x+¢+3)ﬁ] < 0.

Therefore, 1%, < TIMy < T

Appendix C: Equilibrium results of Section 6.

The equilibrium results under the benchmark centralized contract (BC contract) without fairness
concern are shown as follows.

eho = —alak +a —08)/(a?k? + 202k — 2adk + a? — 2a8 + 6% — 40).

Pho = —a(adk + ad — 62 + 28) /(a?k? + 202k — 2adk + o — 2a8 + 6% — 4P).

The equilibrium results under the wholesale price contract (WP contract) with considering
fairness concern are shown as follows.

elvp = — (kA +ak+aX— A +a—8)a/(a®k* X+ a®k? + 202k — 2a0k\ + 202 + a® X — 20k —
200\ + 62\ + a? — 2a6 — 168\ + 52 — 83).

wiyp = — (kA + adk + adX — 52X + ad + 46X — 62 + 48)a/ (@®k* X + k2 + 202 kX — 25k +
202k + a? X\ — 2a6k — 206\ + 52X\ + a? — 2a0 — 168\ + 6% — 83).

Pivp = — (kA + adk + adX — 62X+ ad + 128X — 6% + 68)a/(a?k* A + a2 k? + 202 kX — 26k +
202k + a? X\ — 2a6k — 206\ + 5%\ + a? — 2a8 — 168\ + 62 — 83).

The equilibrium results under the revenue-sharing contract (RS contract) with considering
fairness concern are shown as follows.

ehs = —(akA? 4+ 20kX + aX? — A% + ak + 20X — 26\ + o — §)a/ (a?k* A% 4 202 k* N + 202 kA2 —
2a0kA? + a2k? + 402X + o) — 4adk\ — 20602 — 168A20 + 52 )2 + 202k 4 202\ — 220k — 4ad )\ —
168Ap + 25°X + a? — 2ad — 8B\ — 483¢ + 6% — 4P).

Whg = —(@6kA2¢ + 208k p + b A2+ 168A2¢% — 62\2¢ + adkd + 2a0Ad — 16872 + 165 p? —
2620 + b + 4BA2 — 88Ap + 48¢% — 2¢)a/(a?k> A% + 202K\ + 2a2kA? — 2a0k)\? + alpha®k? +
40%kN + a?X\? — 4adkX — 2a60? — 168N%¢ + 62)0% + 202k + 202\ — 22k — 4ad\ — 168Ap + 252\ +
a? —2a8 — 8B\ — 43¢ + 62 — 4PB).

Phs = —(a0kA? 4+ 200k + adA? + 168720 — 62A2 + adk + 200\ — 480% + 168 p — 262X + ad +
28X+ 4B¢ — 6% + 2B)a/(a®k*D\? 4+ 202k.2\ + 2a2kA? — 2a0kA? + k% + 4a?k\ + o )\? — 4adk) —



20602 —168N2+ 0% \2 + 202k +202 A — 28k — 4ad A — 16 BAG+ 262 X +a? — 206 —8 A — 4B +5% —43).
The equilibrium results under the cost-sharing contract (CS contract) with considering fairness
concern are shown as follows.
et g = —(akA+ak+al— oA+ a—08)a/(@®k* A+ a?k? + 2%k — 26k + 202k + o\ — 226k —
200\ + 1687\ + 62X + a2 — 2a + 86n — 168X + 62 — 8f).
whg = — (kX + adk + ad\ — 480\ — 8°X + ad — 4P + 48X — 62 + 4B8)a/ (oKX + ok? +
202k — 200k + 202k + o\ — 2a6k — 206\ + 1680\ + 62X + o — 2ad + 88n — 168\ + 62 — 83).
Phg = — (kX + adk + adX — 1280\ — 52X + ad — 687 + 126X — 62 + 68)a/(a®k>* X\ + o?k* +
202 kN — 200k + 202k + a? X — 2a0k — 200\ + 1660\ + 02X\ + a? — 206 + 881 — 168X + 62 — 83).

Appendix D: Proof of Section 6

Proof of Proposition 4. Based on the equilibrium results shown in Appendix C, we can obtain

that efg > ehg, €bg > €hos €Rg > €y p, and epo > ejyp are always hold. Moreover, on the one
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hand, when the fairness concern intensity A < == 5

€rg > €. On the other hand, when the

fairness concern intensity 2‘1151'4‘;5 <A <1, eRg < epe-

20+
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Therefore, when the fairness concern intensity A is relatively low (i.e., 0 < A <
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ecs > BRS > eBC > BWP.

When the fairness concern intensity A is relatively high (i.e., Z‘fl‘f < A < 1), then efg >

€pc > €rs > €y p-
Proof of Proposition 5. According to the equilibrium results shown in Appendix C, we can

obtain that pfo > p} Yo > Dhe, and plh - > piy p are always hold. Moreover, on the one hand,
Pcs ~ Ppcs PBc = PRS» BC wp y
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when the fairness concern intensity meets 0 < A < ?5;1()1?;12)7?( k:sl()kofig, DPrs > Piyp- On the other
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hand, when the fairness concern intensity meets ?5;1()12—;12)7?(1@:51()]?}312 <A<, pyyp > Prs-
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Therefore, when the fairness concern intensity A is relatively low (i.e.,0 < A <

then pog > Ppe > Prs > Pivp-
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When the fairness concern intensity A is relatively high (i.e., ?5;1()]“{;12)7?(,;51()’?}31; <A< 1),

then pog > Pre > Pwp > Prs-
Proof of Proposition 6. Based on the equilibrium results shown in Appendix C, we can obtain

e de* der ap, o ot :
that =2 > 0, T8 > 0, =& > 0, “BWE > 0, Z5ES > 0, and “5¢5 > 0 accordingly.

Proof of Proposition 7. Substitute the equilibrium results shown in Appendix C into the utility
functions of the manufacturer and the retailer which are summarized in Table 5, we can obtain
the optimal profits for the supply chain members under the three decentralized contracts. Then

. Ol TN, oYy A, AN E Mg
we can verify that =2 > 0, £ > 0, 522 > 0, =572 > 0, 572 > 0, and —£= > 0.




