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Figure 1 Equilibrium profits when M, takes different policies
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Figure 2 Equilibrium profits when M, takes different policies
(6=05, r=055)
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Figure 3 Equilibrium profits when M, takes different policies
(6=01, 7r=035)
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Product upgrading and information disclosure decisions
in the context of carbon tax

XU Shuting, MIAO Zhaowei, TAN Zhe”", SHANGGUAN Lili
(School of Management, Xiamen University, Xiamen 361005, China)

Abstract: Environmental issues have received increasing attention in recent years. Governments in many regions have taken steps to encourage manufacturers
to reduce their emissions to protect the environment. Carbon taxes are one common measure designed to reduce carbon emissions in the manufacturing process.
A carbon tax, if implemented, would inflate manufacturers’ unit production costs, based on the level of emissions generated by the production process — and,
consequently, motivate manufacturers to consider upgrading the technology in their facilities to reduce emissions. In a competitive environment, information on
manufacturers' technology upgrades has an important impact on competitors' production decisions. This paper focuses on the technology upgrade and
information disclosure strategies used among competing manufacturers, in the context of carbon tax, and on the construction of a duopoly model with two
manufacturers (M1 and Mo ) competing simultaneously through game theory. It assumes: My does not apply product upgrades and emission reduction
technologies, and M applies product upgrade and emission reduction technologies. We study the optimal decision-making and profit performance of
manufacturers in three different situations. These three situations are My : only technology choice, only information disclosure, and both technology
decision-making and information disclosure.

First, the paper separately studies the optimal decision-making and equilibrium performance of the two manufacturers in the case of information
asymmetry (model 1) and information disclosure (model 2) when there is a technology choice for M5 . In Model 1, product upgrade decision information will
not be published for M5 , and pricing decisions will be made for M based on probabilistic estimate of the upgrade for My . The results show that when the
actual unit cost (sum of unit production cost and unit carbon tax cost) of the upgrade becomes larger, the technology upgrade for My will not be carried out;
when the actual unit cost of the upgrade becomes smaller, the investment cost will be fixed according to the technology upgrade. Mo will decide whether to
upgrade technology based on the fixed investment cost and the size of the profit from the technology upgrade. In Model 2, the upgrade information for M5 is
disclosed. Since Model 2 is actually a special case when Model 1 has an upgrade probability of 0 or 1, the result in Model 2 is similar to that of Model 1.

Next, the paper discusses the optimal disclosure decisions for M under different conditions when determining technical decisions (upgrade or not). The
results show that when the actual cost of the upgraded unit becomes small, if the upgrade of M5 is made, disclosing this information is not more favorable to
both parties; if the upgrade is not made for M5 , disclosing the information is more favorable to both parties. When the actual cost of the upgraded unit becomes
larger, if the upgrade is made for Mo , information disclosure is more favorable for both parties; if the upgrade of M5 is not made, the non-disclosure of
information is beneficial to both parties. In short, information asymmetry is not always beneficial to M , it depends mainly on the given technology choices
of M and the cost relationship before and after the upgrade.

Finally, the paper discusses conditions for Mo selecting among four decision-making schemes when there are both technological upgrade options and
information disclosure rights. The four schemes are: upgrade and disclose, upgrade but do not disclose, do not upgrade and disclose the decision, do not upgrade
nor disclose. The results show that if the actual total unit cost of production is likely to increase following the technology upgrade, the best option for M is to
not upgrade nor disclose; on the contrary, if the actual total unit cost of production is likely to decrease following the technology upgrade, the best option
for M is to upgrade but not disclose if the ensuing profit increase is also likely to be greater than the fixed cost input, and vice versa; regardless of the
cost-benefit relationship before or after the upgrade, manufacturer Mo will choose not to upgrade and disclose that information. Compared with the My case
where the technology upgrade is not regulated and the cost information of both parties is disclosed, profit of My can be maximized by selecting the optimal
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strategy. In the case where a good balance is achieved between technology upgrades and information disclosure, the optimal profit of M1 may be minimized,
indicating that achieving such a balance plays an important role in a competitive environment.

The numerical test section shows that carbon tax is a critical factor driving the transition of M2 to better emission reduction technologies. As the carbon
tax increases, M2 would change from not being upgraded nor the decision disclosed, to not being upgraded and the decision disclosed, and finally to being
upgraded but the decision not disclosed. When the likelihood of upgrading the technology for M1 is lower, M2 will begin to upgrade at a lower carbon tax
point; when the likelihood of emission reduction efforts is greater, M2 will begin to upgrade at a higher carbon tax point. This paper provides some
management advice to governments and manufacturers through theoretical and numerical reasoning.

Key words: Product upgrading; Asymmetric information game; Pricing decision; Carbon tax
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