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A STUDY ON LOW-CARBON SUPPLY CHAIN DECISION-
MAKING INCORPORATING ALTRUISTIC PREFERENCES AND
CARBON MISREPORTING IN DIVERSE POWER STRUCTURES

ABSTRACT

To address the severe challenges posed by global warming, nations
worldwide have actively assumed carbon emission reduction responsibilities. China
established its dual carbon goals in 2020. To achieve these objectives, governments
have implemented various greenhouse gas reduction policies, including carbon caps,
carbon taxes, carbon subsidies, and carbon quota trading systems. Among these, the
carbon cap and-trading mechanism is recognized as an effective mechanism for
controlling carbon emissions. In low-carbon supply chain systems, the prevalent
power asymmetry between manufacturers and retailers often drives dominant
enterprises to incorporate social responsibility into their decision-making processes,
fostering "altruistic preference” behaviors toward partners to ensure long-term
business sustainability. Furthermore, with advancements in information technology
and increasing market reliance on data transparency, information-advantaged parties
may selectively disclose private information. To gain competitive market share,
manufacturers might intentionally misreport carbon reduction information, thereby
influencing product pricing, carbon reduction strategies, and supply chain members'
profits. Consequently, under carbon cap and trading mechanism, understanding how
power structures, altruistic preferences, and manufacturers' misreporting of initial
carbon emissions alter supply chain members' carbon reduction decisions and optimal
strategies remains a critical research gap.

This study constructs a game-theoretic model involving a two-tier low-
carbon supply chain (manufacturer-retailer) under different power structures,
incorporating both altruistic preferences and manufacturer misreporting of initial
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carbon emissions. It analyzes the cross-influences of altruistic behaviors and
information manipulation on supply chain decisions, while investigating the
suppressive effects of government regulatory penalties on misreporting behaviors and
associated environmental improvements. Key findings include: (1) Altruistic
preferences among supply chain members enhance product market demand,
incentivize manufacturers' carbon reduction investments, improve product greenness,
and elevate overall supply chain efficiency and stability. In manufacturer- or retailer-
dominated scenarios, the dominant party's altruism preferentially benefits subordinate
members while marginally reducing its own profits. Under equal power structures,
the impact of altruism on profits depends on the manufacturer's carbon reduction
investment cost coefficient. (2) Regardless of power structures, manufacturers'
misreporting strategies under market mechanisms correlate with carbon quota trading
prices, which are jointly determined by consumer low-carbon preferences and
government-allocated free quota ratios. When trading prices exceed a certain
threshold, manufacturers tend to overreport emissions; otherwise, underreporting
prevails. However, profit-driven misreporting exacerbates total supply chain
emissions, intensifying environmental degradation. (3) Government regulatory
interventions alter manufacturers' misreporting decisions across power structures.
Penalty mechanisms suppress misreporting behaviors by reducing carbon reduction
investments and market demand, thereby decreasing supply chain profits. This
regulatory suppression ultimately reduces total carbon emissions while optimizing
environmental performance.

This research elucidates the interplay between power structures, altruistic
preferences, and carbon information misreporting in low-carbon supply chain
decision-making under carbon cap and-trading mechanism. It provides actionable
insights for supply chain enterprises in formulating carbon reduction strategies and
behavioral decisions. Furthermore, Dby evaluating governmental regulatory
mechanisms' effectiveness in curbing information manipulation and enhancing
environmental outcomes, the findings offer theoretical foundations and policy
recommendations for policymakers to design optimized low-carbon governance
frameworks.
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