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Abstract

To address the problem of insufficient raw material reserves caused by suppliers bearing the resid-
ual loss of unused raw materials in a three-tier emergency supply chain, this paper conducts a con-
tract mechanism design from the perspective of management engineering. Within the framework
of a quantity flexibility contract, we design an expost subsidy mechanism provided by the manufac-
turer to compensate the supplier for leftover raw materials, and construct a government-led
Stackelberg game model for the three-tier supply chain. The optimal reserve decisions of the three
parties are derived using backward induction, and the equilibrium outcomes under scenarios with
and without the subsidy are compared through numerical examples. The game-theoretic results
demonstrate that the subsidy mechanism can simultaneously increase both the supplier’s raw ma-
terial reserve and the manufacturer’s finished product reserve, while reducing the government’s
expected emergency cost. Numerical simulations reveal that the subsidy can improve the supplier’s
expected profit, but its effect on the manufacturer’s expected profit exhibits a threshold effect: a
tripartite Pareto improvement can be achieved only when the manufacturer’s post-disaster raw
material procurement price is below a critical threshold and the subsidy intensity is moderate. An
excessively high subsidy or a post-disaster procurement price above the critical value will reduce
the manufacturer’s profit. Combined with the actual working conditions of emergency material re-
serve engineering, this paper verifies the engineering applicability of the above equilibrium results
and puts forward corresponding suggestions for selecting subsidy parameters. This study provides
theoretical references for upstream supply chain contract optimization, risk-sharing mechanism de-
sign, and emergency operations decisions within the government-enterprise joint reserve system.
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Figure 1. Comparison of manufacturer and supplier reserves with and without subsidies
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Figure 2. Comparison of government expected costs with and without subsidies
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Figure 3. Comparison of enterprise expected profits with and without subsidies
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Table 1. Sensitivity analysis of emergency occurrence probability

F 1. REEHREGROGURES T

p 2 R 113 T A UG A LA = O B A il 2 AR 2 AN FE ) 3 T AIMUG R BRAS = T B i e A 2
o0 o O 7, ™, 7, a; S S g Mg

0.44 114 4419 6670 83,338 361,408 1,142,535 114 4212 6583 81,218 360,884 1,145,420
0.54 3796 3601 5434 86,424 479,666 1,337,992 3796 3432 5364 84,696 479,239 1,340,343
0.64 6328 3038 4585 88,545 560,968 1,475.493 6328 2896 4526 87,088 560,607 1,477,477
0.74 8176 2628 3966 90,093 620,297 1,578,534 8176 2505 3914 88,832 619,985 1,580,250
0.84 9583 2315 3494 91,272 665499 1,659,423 9583 2206 3448 90,162 665,225 1,660,935
0.94 10,691 2069 3122 92,201 701,085 1,725,229 10691 1972 3081 91,209 700,839 1,726,580

2) tEBE p BT, STTHIERE SRR LT . p B, BUR S IUBOROR, SR 56 % K
ABEZ ETrs XA S, BUR ARG R RS ORI SR, b R 2 A

3) 1 o IR T IR FHEKI ZEAE T, BUF B 2 B A SZANEHLRITEN ;. AR TTEAMIE T 28, B RR M
FZR, AN RS AT B A N R A A3 7 i e Bk Al T SR R AR T DA BRSSO R .
o IERRUUE, AR RFEBRARN, AL FES S =07 SO RITHt .

4.4.2. BUFEMERMENBUREMSE S
Lp=044. o =130 t=1401, 28 p LA MG S TEAMNE PRI L T 807 s dlifl & & SR
105 AKE p 2. IRIESHBUE, p MATIERDN 7/16 < p <1, 2 Hr& RWE 2 .

Table 2. Sensitivity analysis of government flexible procurement price

= 2. BURFSRMRGBNEESURME 247
8 1) 4 R RIS AR BB A = 7 R it 4% A2 5K AN FE I P AU BT A =TT R i A

o 0 o 7, ., 7, @ @ 4 o o Ty
250 114 4419 6670 83338 361408 1,142,535 114 4212 6583 81218 360,884 1,145.420

252 278 4255 6670 83,338 367,512 1,149,461 278 4048 6583 81,218 366,872 1,152,231

b

254 440 4093 6670 83,338 373,488 1,156,245 440 3886 6583 81,218 372,733 1,158,899

297 3370 1163 6670 83,338 476,084 1,273,494 3370 956 6583 81,218 472,847 1,273,667
298 3428 1105 6670 83,338 477,975 1,275,674 3428 898 6583 81,218 474,681 1,275,790
299 3485 1047 6670 83,338 479,848 1,277,833 3485 841 6583 81,218 476,496 1,277,891

FH% 2 Al %0

1) p, BRARAEBUR G IR 3G R4 ek B i i 2% LIRS il 4 AN 525 o g RIkE B 53 1Y) K S
RIS, BUMINR#& B8 BURMZEMETT B2 75 5K R BN il iss s A7 Dok ol KUy s b R TR A4 BT B fee , (Rt
fift 8 AR IR o

2) p, FEKHEEBUMN L GUAS SR THRIE RIS s, AR AR E o BUM A R AR S SR IE AN
TG R A 3 7R AR EE B v (SO BN SRR

DOI: 10.12677/mse.2026.156107 1111 RS T


https://doi.org/10.12677/mse.2026.156107

E %

3) [ py 2 N, AU A SE S Ak ik A o AL A DS SEARABUN B . 2 o (KT IR 5HE,
KU I PRAE A FH AN SEBUR SRR I N M43 o

5. &t

AT B 2 B B b T SR Rk A ik R AR ARk HE S B R A L MR, MR TR S I R
AU ) = 00 o 2 TSR, G S 00 e SR AR 5 BB AT A B LUR S8, IR O R ER R R -

5 138 7 R AR SRR R U ATL A1) RE 0% 3 v R A (I IS N S B 5 A, 1 R ST R R IR RE 7T
B ARG ST 1D U 28 I8 B AR 5 LA o (R I s R 3 o 1% 504 - PR IL 7 7 i 4% JE AR IR B 5 88, B
YSe s RS AN PR PR 85 5 SR ORI NG ) R Ui A% 3, i Sh & RN A D B o 9 SR B
it s TARRY, NS SEAR b e S R B B 2%, AT G PR 7 2 18] AR XU 73 JR SR I fiti 46 S R
PR bR X2y AR X SR IR A IR FE TR L2 W BT, AT LLOIE S v R A S L= I 5

E

S5 AN T TR A B A BRME RO . A 3 RS SRAEER A @ /N Tl AR b
W56 B2 RNy, LA REAS S B =5 A RIESGHE s — BURAPRL G RGO e 55, AT SB35
HGE R A, MELASEIZ 7 . b RRRIE RN T, N R RS AL A K S R ARSI AL
TRAEZ R AR AN RTAT DX 41X SRR I BRI R A fi e RO D 9 2 AN B AR 5 1 e i AR HH AP
A, W AR EBUR L AN H ST AL RISE T B, P I R Y B A

= mEEBBIERI AT, S RIMESHOS A R RSN S AHE F): ERAMU5R FE RES 4
S S A Ak 2 B S AN AN, HE R AU SIS AN X TR N K. SERRRRZAVE E AT, K
JS2 25 R LR E A 5 R E BRI b e A U PR R 7 2 5 R

AR, SEaE R RSk, — 0 — gt B N IT R AT, SELSEN SN B
FAE—E . RRFTUABE— DI B MRS BRI T BZRAE - B, JhE 2 A s
RIBRL SINZ EARTIRTE S R AT 45 & Sk bn SR B SR TR L ) SRR AN (B

SE

(11 ERGREKHCKE GBI A% RS KA 2024 -4 H AR FEIEAE L EB/OL].
https:/www.mem.gov.cn/xw/yjglbgzdt/202501/t20250117_516032.shtml, 2025-01-17.

(2] Eff, RH, BRER, 55 BiiWet N S & B IR g SRBOIT). [ 22 e R ok, 2023, 33(5): 191-198.

[31 Wang, X.H,, Li, F., Liang, L., Huang, Z. and Ashley, A. (2015) Pre-Purchasing with Option Contract and Coordination
in a Relief Supply Chain. International Journal of Production Economics, 167, 170-176.
https://doi.org/10.1016/j.ijpe.2015.05.031

[4] KB, HZE, Wi, & BEFIERA RN SR EN RIS FT]. R TAEEISH S, 2016, 36(10):
2590-2600.

[5S] Nikkhoo, F., Bozorgi-Amiri, A. and Heydari, J. (2018) Coordination of Relief Items Procurement in Humanitarian Lo-

gistic Based on Quantity Flexibility Contract. International Journal of Disaster Risk Reduction, 31, 331-340.
https://doi.org/10.1016/j.ijdrr.2018.05.024

[6] Ali Torabi, S., Shokr, I., Tofighi, S. and Heydari, J. (2018) Integrated Relief Pre-Positioning and Procurement Planning
in Humanitarian Supply Chains. Transportation Research Part E: Logistics and Transportation Review, 113, 123-146.
https://doi.org/10.1016/j.tre.2018.03.012

[7] EBER, HE, Bt 2T s 2 324 1 RN S 7RI B )], B #ERN, 2019, 27(12): 100-
112.

[8] JBEM, HE, TN, & BUEBKA s N 264 JCRIWE MR [I]. R4 TAEE R 5508, 2020,
40(12): 3181-3193.

[91 JEFEA, AR, $EER, & s &R N 2 7% LRI B Mk G )], Re LR 5508,

DOI: 10.12677/mse.2026.156107 1112 RS T


https://doi.org/10.12677/mse.2026.156107
https://www.mem.gov.cn/xw/yjglbgzdt/202501/t20250117_516032.shtml
https://doi.org/10.1016/j.ijpe.2015.05.031
https://doi.org/10.1016/j.ijdrr.2018.05.024
https://doi.org/10.1016/j.tre.2018.03.012

E %

[10]

(1]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]
[20]

2023, 43(02): 438-454.
MR, TR, WREE. MEUEh B2 m e s m S st 7)), {4e 5, 2025, 25(10): 3976-
3988.

XUPH, HZE, E#h. TR 5 Markov 8 1N S PRI RLT]. R4 LREFLG 5508, 2020, 40(1):
119-133.

RA, Wi, B, BUR MU T 25 B8 A R XU i 2 (BTG 5 LSl 46 DR BT FE[]. +h A BB 27, 2026, 34(6):
91-102.

JEERL, RB, ZNGE, SE PR Al AR R (R BRI 6 S ANV SRS BT TE)]. P R EERLE, 2025,
33(7): 243-252.

Clay Whybark, D. (2007) Issues in Managing Disaster Relief Inventories. International Journal of Production Econom-
ics, 108, 228-235. https://doi.org/10.1016/j.ijpe.2006.12.012

Mrolvde, LIP3, AR AT SR BB A i &[], REGFE, 2014, 32(2): 84-90.

Zhang, Y. and Chen, L. (2015) Emergency Materials Reserve of Government for Natural Disasters. Natural Hazards,
81, 41-54. https://doi.org/10.1007/s11069-015-2065-3

FRBE, FEVE, HZE. # RGP TTI5 R R S AL R B AL Se 5 TR A kMg & SR Ig I T[T, RE L
IS 552k, 2022, 42(4): 1001-1012.

Tk, R, A, 25 ETRMERANN SV EAEBA & M ISR P ELEETRERER,
2024, 20(9): 20-28.

£, BT, FOMN. TR N2V E 2 R/ IRED]. RETFE, 2024, 42(1): 87-99.

NFH, LET, FAE. R RIERA T RER =J7 A i 5 RO IE[I]. o 2 B2, 2024, 34(10):
221-228.

DOI: 10.12677/mse.2026.156107 1113 RS T


https://doi.org/10.12677/mse.2026.156107
https://doi.org/10.1016/j.ijpe.2006.12.012
https://doi.org/10.1007/s11069-015-2065-3

	考虑制造商补贴的政企三方联合应急物资储备决策与工程应用研究
	摘  要
	关键词
	Research on Decision-Making and Engineering Application of Government-Enterprise Tripartite Joint Emergency Material Reserve Considering Manufacturer Subsidies
	Abstract
	Keywords
	1. 引言
	2. 问题描述与条件假设
	2.1. 问题描述
	2.2. 条件假设

	3. 考虑制造商补贴的政企三级联合储备决策模型
	3.1. 供应商决策分析
	3.2. 制造商决策分析
	3.3. 政府决策分析

	4. 算例分析
	4.1. 参数设置与基准情景
	4.2. 有无补贴下的储备数量对比
	4.3. 有无补贴下的成本与利润对比
	4.4. 参数的敏感性分析
	4.4.1. 灾害发生概率敏感性分析
	4.4.2. 政府柔性采购价敏感性分析


	5. 结论
	参考文献

