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Joint production planning, pricing and

Introduction

Along with the rapid development of modern industrial activities (e.g., the combustion of fossil fuels) and the fast growth of social standard (e.g., the use of motor vehicles, planes, ships), the amount of greenhouse gas emissions (e.g., CO2) is increasing. The increase of the emissions results in the occurrence of frequent human health problems [START_REF] Du | Game-theoretic analysis for an emissiondependent supply chain in a 'cap-and-trade' system[END_REF] and the changes to the earth's climate system, such as heat waves, erratic and intense rainfall, storm urges, and droughts [START_REF] Cheryl | Global-warming warnings[END_REF]. The climate changes significantly affect production of many products (e.g., food), thus hurting the sustainable economy development in many nations [START_REF] Chen | Effects of carbon emission reduction policies on transportation mode selections with stochastic demand[END_REF]. In view of the negative influences of emissions, both academics and practitioners recently start investigating approaches to improve supply chain and operations activities, in the hope of curbing the amount of emissions [START_REF] Benjaafar | Carbon footprint and the management of supply chains: Insights from simple models[END_REF][START_REF] Krass | Environmental taxes and the choice of green technology[END_REF]. In addition, many governments, be they at the national level or the regional one, develop and implement suitable emission control regulations, such as cap-and-trade and emission cap [START_REF] Hong | Optimizing an emission trading scheme for local governments: A Stackelberg game model and hybrid algorithm[END_REF].

In a supply chain, the business activities, be they within or beyond the boundaries of a firm, are interrelated and influence one another [START_REF] Li | A strategic capacity allocation model for a complex supply chain: Formulation and solution approach comparison[END_REF]Palar and Weng, 1997;[START_REF] Robertson | Strategic supply chain development by integration of key global logistical process linkages[END_REF]Simpatupang et al., 2002). For example, with the limited production capacity, a manufacturer's selection of retailers and the corresponding demand affect his decision on the wholesale price, which, in turn, influences his retailer' decisions on the retail price; within a single firm, the determination of product prices alters the demand, which leads to the firm's production decision changes. In accordance with the interrelations of supply chain and operations activities, it is deemed important to jointly make the corresponding decisions for improving the performance (e.g., profit) of firms [START_REF] Weng | The power of coordinated decisions in a manufacturing and distribution supplychain[END_REF]. However, making joint decisions is very difficult due to the interrelations among decision-making activities [START_REF] Yu | Optimal selection of retailers for a manufacturing vendor in a vendor managed inventory system[END_REF]. In this direction, researchers have made their efforts in developing methods and techniques to facilitate such decision making. [START_REF] Yu | Optimal selection of retailers for a manufacturing vendor in a vendor managed inventory system[END_REF] investigate the problem of joint retailer selection and pricing between a manufacturer and multiple retailers. Their study highlights that jointly selecting retailers and setting wholesale and retail prices increases significantly the profits of both the manufacturer and the selected retailers. [START_REF] Zhao | coordination of joint pricing-production decisions in a supply chain[END_REF] consider the joint pricing and production decisions between a manufacturer and a retailer where the manufacturer determines the wholesale price and production quantities and the retailer the retail price and order quantities. They also propose an incentive scheme for the manufacturer to achieve the coordination. [START_REF] Deng | Joint production and pricing decisions with setup costs capacity constraints[END_REF] address the joint production and pricing decisions within a single firm and demonstrate that higher profits can be obtained when the two decisions are made jointly. [START_REF] Parlar | Coordinating pricing and production decisions in the presence of price competition[END_REF] also study the joint pricing and production decision making and draw a similar conclusion. Other authors investigate the joint pricing and production problem in the environments where remanufacturing activities take place for used products [START_REF] Debo | Market segmentation and product technology selection for remanufacturable products[END_REF][START_REF] Ferrer | Managing new and differentiated remanufactured products[END_REF][START_REF] Xiong | Dynamic pricing models for used products in remanufacturing with lost-sales and uncertain quality[END_REF]. (As this study considers manufacturing activities, we provide some examples, instead of details, of reported studies dealing with the joint pricing-production problem involving remanufacturing activities.) To summarize, the available work recognizes the importance of joint decision making for interactive supply chain and operations activities and proposes different models aiding the decision making.

One feature common to them is that emission control is missed.

As emissions are mainly generated in firms' production processes, emission regulations directly affect firms' decisions on, e.g., production quantities [START_REF] Xu | Joint production and pricing decisions for multiple products with cap-and-trade and carbon tax regulations[END_REF]. In this regard, it is paramount important to consider emission control in the joint decision making of supply chain and operations activities. Researchers start accounting for emission control in dealing with interrelated supply chain and operations activities very recently [START_REF] Zanoni | A joint economic lot size model with price and environmentally sensitive demand[END_REF]. Because of the relatively short time span, the number of published articles is very small. Another reason for such limited investigations might be the additional difficulties in modeling the joint decisionmaking problems caused by the inclusion of emission control and the corresponding complexities in solving the models. The reported articles address the joint pricing and production decisions while considering emission control in different problem contexts and with different focuses. Involving a firm and a government, [START_REF] Xu | Joint production and pricing decisions for multiple products with cap-and-trade and carbon tax regulations[END_REF] study the problem under two emission control regulations: can-and-trade and carbon tax and compare the effects of the two regulations on the firm's profit and emissions and on the government's social welfare. With a focus on the effects of environmental policies on unit emissions, industrial aggregate effluents, and social welfare, Moraga-Gonzadez and Padron-Fumero (2002) approach the joint pricing and production decision making problem between two duopolists. Their environmental policies include the introduction of unit emission standards, technology subsidies, and product charges. [START_REF] Krass | Environmental taxes and the choice of green technology[END_REF] explore the optimal production and pricing decisions for a firm to select either a dirtier or cleaner production technology. Their study involves a firm and a regulatory agency who sets the environmental tax. [START_REF] Chen | Sustainable pricing and production policies for two competing firms with carbon emissions tax[END_REF] investigate the optimal pricing and production quantities under emission tax for competing firms and discuss the effect of the tax on firms' decisions. Unlike the above authors, [START_REF] Zanoni | A joint economic lot size model with price and environmentally sensitive demand[END_REF] study the joint decision making of production quantity and retail price for a vender and a buyer without explicitly including emission control. They consider the investment for improving production process, which is expected to improve the product's environmental performance. In summary, studies that explore the joint decision making of supply chain and operations activities while considering emission control have been reported. However, the investigations are relatively few. In addition, they do not comprehensively address the joint decision making of retailer selection, production planning, retail and wholesale prices for a manufacturer and multiple retailers. As a matter of fact, they investigate the joint decision making of either the wholesale price and production planning or the retail price and production planning without involving retailer selection. Including emission control in the joint decision making of retailer selection, production planning, wholesale and retail prices will lead to novel optimization models and solution algorithms, thus contributing more to practice and literature.

Towards this end, in this paper, we study the joint retailer selection, production planning, wholesale and retail pricing decision making problem for a manufacturer and multiple retailers while explicitly considering emission control. (Retailer selection is very important, as highlighted from both the perspectives of supply chain management [START_REF] Comez-Dolgan | Managing transshipments in a multi-retailer system with approximate policies[END_REF][START_REF] Panaihfar | Developing retailer selection factors for collaborative planning, forecasting and replenishment[END_REF][START_REF] Yu | Optimal selection of retailers for a manufacturing vendor in a vendor managed inventory system[END_REF] and marketing (Bronnengerg and Melo, 2004).) In accordance with the interactive decision-making processes, we apply the Stackelberg game theory to model the decision making of the manufacturer and the retailers. (As highlighted in [START_REF] Saberi | Stackelberg model based game theory approach for assortment and selling price planning for small scale online retailers[END_REF][START_REF] Yue | Stackelberg-game-based modeling and optimization for supply chain design and operations: A mixed integer bilevel programming framework[END_REF], the Stackelberg game theory is a powerful technique to model the interactive decision processes in decentralized supply chains.)

In the Stackelberg game model developed, the upper submodel is to help the manufacturer (as the Stackelberg leader) make decisions and the lower submodel assists the retailers (as the Stackelberg followers) to make decisions. By nature, the Stackelberg game model is 0-1 mixed, nonlinear, and bilevel. It is very complex and is analytically intractable, thus not being able to be solved exactly. Thanks to their capability to search stochastically and to escape the local minima when searching, nested genetic algorithms (NGAs) excel in dealing with bilevel programming models by providing near optimal solutions (Talbi, 2013;[START_REF] Yu | A novel congruent organizational design methodology using Group Technology and a nested genetic algorithm[END_REF]. Thus, we further develop a specific NGA to solve the Stackelberg game model. Numerical examples are conducted to demonstrate the applicability of the game model in making joint decisions and the performance of the NGA. Sensitivity analysis is carried out to evaluate the influence of key parameters on the profits and decisions of the manufacturer and the retailers. Based on the sensitivity analysis, we obtain several managerial implications. First, manufacturers need to identify a capacity trap to obtain maximum profits. Second, retailers should work out solutions to be included in a manufacturer's supply chain for increasing profits. Third, both manufacturers and retailers may not heavily depend on carbon emission buying (or selling) price when making decisions. While in this study, we consider carbon emissions, the developed game model and NGA can be applied to other types of greenhouse gas emissions in a straightforward way. To conclude, this study makes several contributions to both practice and literature. First, it develops the novel Stackelberg game model to address the joint decision-making of production planning, wholesale and retail pricing, and retailer selection while considering emission control. Second, it develops the NGA to solve the model. Third, it offers managerial implications to assist manufacturers and retailers to take necessary actions for obtaining higher profits.

The rest of the paper is organized as follows. In Section 2, we describe the problem context and provide notation, by following which the Stackelberg game model is detailed in Section 3 and the NGA in Section 4. Section 5 presents numerical examples together with the performance evaluation of the NGA and sensitivity analysis. We conclude the paper in Section 6 by highlighting future research.

Problem description and notation

There are a manufacturer and R retailers. The manufacturer produces and delivers one type of products to the retailers. The manufacturer has limited, yet fixed, production capacity B in each of the T periods in his finite planning horizon. With his limited production capacity, the manufacturer has to select retailers:

{ } 0,1 it a =
(select or not retailer r in period t) and sells the products to the selected retailers at a same wholesale price w in the planning horizon. We assume that the wholesale price of the manufacturer is stable in the planning horizon as in practice, stable prices are preferred in business with large sales volumes over a relatively long planning horizon, while dynamic pricing is important in finite selling seasons for cases, such as airlines and hotels (Guan and Zhao, 2011). The manufacturer incurs a fixed setup cost t S and unit production cost t m in period t to produce the products. If the manufacturer has an inventory level t I at the end of period t, he needs to pay m h for holding each of them in the period.

When producing a product, the manufacturer emits a fixed amount τ of carbon emissions.

He receives a carbon emission allowance t E for his planning period t (i.e., the maximum carbon emission that he can release). The carbon emission allowances are determined by a regulatory authority and known in this study. Same as in [START_REF] Absi | Lot sizing with carbon emission constraints[END_REF], in an effort in abating carbon emissions, the regulatory authority decreases the carbon emission allowances in the manufacturer's planning horizon. In other words, the carbon emission allowances for the manufacturer decreases by planning periods. In addition, the amount of carbon emissions unused in one period cannot be saved for future use. The manufacturer needs to determine the production quantity t q for each period. In accordance with his production decisions, the manufacturer will buy (or sell) an amount bs t e of carbon emissions in each period at a price t β in the carbon emission trading market. The emission buying and selling prices for the manufacturer in each period are the same and are known in this study.

While the manufacturer selects retailers, retailer i has the equal right to decide to join the system or not in period t:

{ } 0,1 it b =
(join or not the system). If retailer i decides to join the system, he needs to determine the retail price i p for selling the products in his market of scale it k . (Similarly, we assume that the retail price of a retailer is stable in the planning horizon.) In view of the positive influence of advertising on product demand [START_REF] Jiang | Optimizing cooperative advertising, prof8it sharing, and inventory policies in a VMI supply chain: A Nash bargaining model and hybrid algorithm[END_REF], both the manufacturer and retailer i if joining the system invest in the advertising activities at amounts 

Stackelberg game model

With his limited production capacity and carbon emission allowance specified by the regulatory authority in his planning periods, the manufacturer selects suitable retailers and makes production planning and pricing decisions to maximize his profit in the planning horizon. The retailers respond to the manufacturer's decision by deciding to join or not the system and by setting the retail prices. A retailer will join the system if doing so is profitable for him. In according to the above decision making, the manufacturer acts as the Stackelberg leader and the retailers the Stackelberg followers. The Stackelberg game model, thus, includes an upper level model, called Submodel M, for the manufacturer to make decisions and a lower level model, called Submodel R, for the retailers to make decisions.

The manufacturer incurs fixed and varied production costs to produce products in each period. He also needs to pay the costs to transport products to the retailers. If he plans to produce more in one period, thus exceeding the carbon emission allowance, he has to buy the necessary extra carbon emission from the trading market. If he has products left at the end of each period, he has to pay the inventory holding cost. When he produces less and cannot use up the carbon emission allowance, he can equally sell the unconsumed carbon emissions at the same price. The manufacturer provides each retailer in his system with certain advertising investment for increasing product demand. According to the above cost factors, the manufacturer's total cost m TC can be computed as follows:

( )

m m bs A i t t it it it t t t it it t i t t t i t TC S m q a c D h I e a C β = + + + + + ∑ ∑∑ ∑ ∑ ∑∑ , (1) 
where the first term is the sum of the fixed and varied production costs, the second/third/fourth/fifth terms the transportation/inventory holding/emission buying/advertising costs, respectively.

The manufacturer obtains his revenue m TR from selling products to retailers as follows:

m it it i t TR w a D = ∑∑ .
(2)

To maximize the manufacturer's profit m ∏ , Submodel M is developed below.

Submodel M:

Max:

( ) ( ) , , , i t t it it it t i t m bs it it m bs A i t t t t it it t t i t S m q a c D w Q E A w a D h I e a C β   + + +   ∏ = -  + +     ∑ ∑∑ ∑∑ ∑ ∑ ∑∑ (3) s.t.: 0 T I = (4) 0, 1, , 1 t I t T ≥ = - K (5) 1 t t it it i I q b D -+ ≥ ∑ (6) 1 t t it it t i I q b D I -+ = + ∑ (7) t q B ≤ (8) bs t t t q e E τ -≤ (9) it it a b ≤ (10) , 0 t w q ≥ (11)
The objective function in Eq. ( 3) maximizes the manufacturer's profit in the planning horizon. The profit is determined based on the wholesale price w, production quantities Q, carbon emissions bought (or sold) bs E , and the advertising investments paid to the retailers A.

Constraint ( 4) is to make sure that no inventory is in the last period and Constraint (5) ensures that the inventory in any period excluding the last one is non-negative. The total demand of the selected retailers is met in Constraint (6). Constraint (7) ensures the inventory balance in each period. Production capacity and carbon emission allowances are respected in each period in Constraints ( 8) and ( 9), respectively. Constraint (10) allows the manufacturer to select a retailer only if the retailer decides to join the system. The last constraint makes sure that the wholesale price and production quantities are non-negative.

It is well accepted that the product demand of a retailer is influenced negatively by the retail price and positively by the advertising investment. Researchers use linear relationships to describe the influences of price on demand [START_REF] Xu | Joint production and pricing decisions for multiple products with cap-and-trade and carbon tax regulations[END_REF][START_REF] Krass | Environmental taxes and the choice of green technology[END_REF]. While the demand increases with the advertising investment, there are diminishing returns [START_REF] Chen | Demand disruption and coordination of the supply chain with a dominant retailer[END_REF][START_REF] Hong | Joint advertising, pricing and collection decisions in a closed-loop supply chain[END_REF]. Recently, there is a consensus that the demand for many products becomes sensitive to the carbon emissions of unit products [START_REF] Krass | Environmental taxes and the choice of green technology[END_REF][START_REF] Tang | Research advances in environmentally and socially sustainable operations[END_REF]. However, how demand is impacted by customers' environmental awareness, in particular, in relation to carbon emissions is not clearly established. As there is no evidence that an exponential assumption is better than a linear assumption when modeling emission-dependent demand, authors (e.g., [START_REF] Nouira | Design of forward supply chains : Impact of a carbon missions-sensitive demand[END_REF] use a linear relationship to describe the influence of carbon emissions on demand. One common feature in the above literature is that the demand (or advertising investments) of different periods is independent. In this study, we follow the above literature and formulate the demand of retailer i in period t as follows:

( ) 

= - - + + , ( 12 
)
where the last term is the square root to the total advertising investment paid by the manufacturer and retailer i. This reflects the diminishing returns to the advertising investment.

Retailer i needs to pay the purchasing cost for buying the product and the advertising investment for increasing the demand. In this regard, he incurs a total cost ( )

it it it t b wD A + ∑ in period t.
To maximize retailer i's profit

r i ∏ , Submodel R is developed below. Submodel R: Max: ( ) ( ) , , 1, , r i i it i it it it it t t p b p D b wD A i R ∏ = - + = ∑ ∑ K i B (13) s.t.: ( ) 0 it i b p w -≥ (14) 0 it it b D ≥ (15) 0 it i b p ≥ (16) { } 0,1 it b = (17) 
Eq. ( 13) is to maximize retailer i's profit, which depends on his retail price i p and his decision to join or not the system i B . If retailer i joins the system, Constraint ( 14) makes sure that the retail price is no lower than the wholesale price; his demand and price must be non-negative in Constraint ( 15) and ( 16). The decision of retailer i on joining or not the system is given in Constraint ( 17).

In accordance with the above model development, the Stackelberg game model can be applied in the situations below. The product demand (or advertising investments of the manufacturers and retailers) from different periods does not affect one another, thus being independent; the price, advertising and emission elasticities of product demand in the industry in consideration are known; with the historical sales data, the retailers can estimate their potential market scales; the product demand is mainly affected by the retail price, advertising investments, and carbon emissions per unit product. 

Solution strategy and nested genetic algorithm

Using stochastic search techniques, NGAs are powerful metaheuristics that can well address bilevel optimization, and they obtain very promising solutions as they can escape the local minima (Talbi, 2013;[START_REF] Yu | A novel congruent organizational design methodology using Group Technology and a nested genetic algorithm[END_REF]. In view of the characteristics and complexities of the this phase that the solving of Submodel R is nested in that of the modified Submodel M. In the third phase, the constraints removed are evaluated using the decision variable values obtained.

Based on the evaluation results, the algorithm repeats Phases 2 and 3 till the final solution is obtained. While the above text provides an overview of the NGA, the algorithm details are described below and summarized in Figure 1. In the base example, the size of population (for both Submodel M and Submodel R), the number of iterations both within and outside the nesting, selection probability, crossover rate, and mutation rate are set as 20, 50, 0.02, 0.8, and 0.1, respectively. The NGA is coded in Matlab 2016b on a Core (TM)i5-2450M CPU 2.5GHz and an 8GB RAM.

Results

In using the NGA to solve the Stackelberg game model with the above data, the profits of the manufacturer and the retailers are converged in the 50 th iterations, as shown in Figure 2. The results, including the profits and decisions of the manufacturer and the retailers, are provided in Table 3 andTable 4, respectively. As shown in Table 3, in Planning period 1 (or 2), the manufacturer needs to produce 2071 (or 2871) air conditioners and select Retailers 2, 3, 5, 6, 8 -12 (or 2 -4, 6, 8 -12). With these decisions, his total profit in the planning horizon is 5.2034 × 10 # . As shown in Table 4, in

Planning period 1, only Retailer 7 will not join the system as he does not make any profit, whilst Retailer 1 will not join the system in period 2. (Note: The retailers' profits in Table 4 are these before the manufacturer makes selection decisions. After the manufacturer makes selection decisions, the profits of the retailers who are not selected, e.g., Retailer 1, are 0.) In analyzing the above results, we draw some conclusions. To maximize his profit in the whole planning horizon, the manufacturer will not select the retailers who make lower profits.

1 0 1 1 0 1 1 0 1 1 1 1 1 2 0 1 1 1 0 1 0 1 1 1 1 1
(+ % ) 1* 1 1 1 1 1 1 0 1 1 1 1 1 2 0 1 1 1 1 1 1 1 1 1 1 1 Retail price (,
For example, in both planning periods, the manufacturer does not select Retailer 1 as his profits in both periods are low. On the contrary, he prefers to include these retailers that make higher profits. For example, the manufacturer selects Retailer 2 in both planning periods as Retailer 2 has higher profits. Unlike the manufacturer, the retailers focus more on the profit in each planning period when making decisions. For example, Retailer 7 decides to join the system in Planning period 2 only as he does not make profit in period 1. In any case, each retailer prefers to join the system unless doing this will not bring him any profit.

Performance evaluation of the NGA

In evaluating the performance in terms of the robustness of the NGA, we test the base example 10 times. In each test, we randomly generate 20 chromosomes in the initial population, and use the same common data in the base example. The results in terms of the manufacturer's profit and the total profit of retailers are obtained. As the results for retailers' total profit have similar characteristics as these for the manufacturer, for convenience of exposition, we provide the manufacturer's profit in the 10 tests in Table 5. As shown, in five tests including Test 1, 3, 7, 9, and 10, the manufacturer obtains the same profit. The average, largest, and smallest profits are 5.2026 × 10 # , 5.3413 × 10 # , and 5.0094 × 10 # , respectively. The increase (or decrease) percentage between the largest (or smallest) profit and the average is 2.67% (or 3.71%), which is small, and the increase percentage between the largest and smallest is 6.63%, which is insignificant as well. The same profit in five tests and the insignificant profit change percentages indicate that the NGA is robust. 

Sensitivity analysis

We carry out sensitivity analysis regarding production capacity B, carbon emission buying (or selling) price % , carbon emission allowance % , and retailer's price elasticity ! to check if and how their value changes influence the manufacturer's selection of retailers and the profits of the manufacturer and the retailers. Based on the analysis, managerial implications are drawn.

Production capacity B:

In analyzing the effects of B, we change its value from a very low one to a high one and obtain the results. Figure 3 provides the results corresponding to production capacity between 1000 and 8000 as the results are very stable when the values are higher than 8000 or lower than 1000. As the results for period 2 have similar characteristics, without loss of generality, we provide the results for period 1 in the figure.

As shown in Fig. 3(a), the manufacturer's profit is sensitive to the change of production capacity. This is especially true when the production capacity is lower than 6500. The total profit of retailers, however, is less sensitive to production capacity changes. In addition, the maximum profits of the manufacturer and the retailers call for different production capacities. When B=4000, the manufacturer obtains his maximum profit, whilst when B=2500, the total profit of retailers is maximized. Production capacity changes also affect the manufacturer's selection of retailers. Fig. 3(b) shows the retailer's decision in terms of the number of retailers who decide to join the system (shown as the number of retailers joining the system in the figure) and the manufacturer's decision w.r.t. the number of retailers selected. As shown, the change of production capacity strongly influences both the manufacturer's and retailers' decisions, especially when production capacity is lower than 6500. Further, different production capacities lead to different largest (or smallest) number of retailers selected and number of retailers joining the system. For example, while a production capacity of 2500 results in the manufacturer's selection of 11 retailers, when it is 3500, 12 retailers decide to join the system. With the above results, we obtain below managerial implications. When the production capacity is in a certain range (from 1000 to 4000 in our study), the manufacturer can increase his capacity to make more profit. When the capacity reaches a certain level (4000 in our study), the manufacturer's profit will decrease if he still increases the capacity. This indicates that there is a capacity range (called capacity trap) where the manufacturer will receive reduced profits if he increases production capacity. Thus, it is of paramount importance for manufacturers to determine the right production capacity ranges and to avoid the capacity traps when making decisions. The Stackelberg game model and the NGA proposed in this study can help determine such capacity ranges and capacity traps. As the total profit of retailers is relatively insensitive to production capacity changes and the number of retailers selected does not vary too much, as shown in Fig. 3(a, b), the retailers may not consider too much the manufacturer's production capacity when making decisions. (Note: Below implications are also drawn based on the analysis of the other three parameters thanks to the similar characteristics in the results.) In addition, as not all of the retailers decide to join the system (shown in Fig. 3(b)), manufacturers can also work out the optimal number of retailers in maximizing profits. For retailers, as the number of retailers joining the system and the total profit of retailers remain relatively stable, each retailer should make optimal decisions such that they can be included in a manufacturer's supply chain system. There are multiple ways for them to do this, e.g., increasing the advertising cost.

Carbon emission buying (or selling) price % (2 = 1,2): In analyzing the effects of % (2 = 1,2), we change the price from a very low value to a high one. The results in terms of profit changes and retailer selection changes in the two planning periods are obtained. As the results in the two periods have similar characteristics, for illustratively simplicity, we provide the results in Planning period 1 in Figure 4. As the results remain the same when the price is lower than 20 or higher than 50, they are not provided in the figure. As shown in Fig. 4(a), from a broad perspective, both the manufacturer's profit and the total profit of retailers remain relatively stable, instead of varying both intensively and extensively. However, when the price lies between 26 to 38, both profits incur frequent changes. In fact, when the price is 34 (or 36), the profit of the manufacturer (or all retailers) reaches the maximum. Fig. 4(b) shows the influence of price changes on the number of retailers selected and the number of retailers joining the system. Being similar with the profit change pattern is Fig. 4(a), the number of retailers selected and the number of retailers joining the system are, in general, less sensitive to price changes. However, they have noticeable changes when the prices are between 26 to 38. When the price is 34, both the number of retailers selected and the number of retailers joining the system are maximum, being 9.

In accordance with the results, we obtain managerial implications as follows. As profit changes are very small for certain price ranges ( ≥ 38 or ≤ 26 in our study), a manufacturer may increase his profit by optimizing decision variables without considering too much the carbon emission buying (or selling) price. On the contrary, as profits are sensitive to certain prices (26 < < 38 in our study), the firm may need to identify the optimal carbon emission buying (or selling) price to receive the maximum profit. In this regard, another contribution of our study is that it can help firms identify the price ranges (or optimal) price for making higher (or optimal) profit. Similarly, the study can help firms determine the optimal number of retailers to be included in his supply chain system. For the retailers, as the profit of retailers and the number of retailers joining the system are less sensitive to price changes, as shown in Fig. 4(a, b), most of them may not need to change (or modify) their business decisions when the carbon emission buying (or selling) price changes. See the additional implications in the text for the analysis of production capacity. change the values from a low one to a high one and obtain the results. For a similar reason as that in the sensitivity analysis above, we provide the results for Planning period 1 in Figure 5. As shown in the figure, the manufacturer's profit, the number of retailers selected, and the number of retailers joining the system generally increase along with the increase of carbon emission allowance. Intuitively, this is logic because more carbon emission allowance means that more products can be produced, leading to higher profits. In certain value ranges (e.g., > 1.6), they remain relatively stable. Being different, the total profit of retailers is relatively insensitive to carbon emission allowance changes.

With the results above, we draw below managerial implications. In practice, the carbon emission allowances provided are quite often not the same as these computed to help firms obtain the maximum profits. As manufacturers cannot change the amount of carbon emission allowance, they may take other actions, e.g., changing the number of retailers to be included in their systems, in maximizing profits. As their total profit is insensitive to the carbon emission allowance changes, the retailers may not need to modify their decisions when the carbon emission allowance changes. See the additional implications in the text for the analysis of production capacity. Retailer's price elasticity ! (7 = 1, ⋯ ,12): For convenience of exposition, we present below the analysis for one retailer: Retailer 1. We change the elasticity value from 0 to a high one in the analysis. When ! > 2, the results in terms of the manufacturer's profit, the total profit of retailers, the number of retailers joining the system, and the number of retailers selected remain the same. In this regard, we provide the results corresponding to the elasticity values ranging from 0 to 2 in Figure 6.

As shown in Fig 6(a), the manufacturer's profit is strongly affected by the price elasticity changes. This is especially true when the price elasticity value is smaller than 1.0. The general tendency of the manufacturer's profit is to decrease along with the increase of the elasticity value.

Intuitively, this is correct because a higher price elasticity results in a lower demand, which, in turn, decreases the manufacturer's profit. When the price elasticity value is larger than 1.3, the manufacturer's profit does not change too much, as shown in Fig. 6(a). This might be caused by the same number of retailers selected, as shown in Fig. 6(b). Unlike the manufacturer's profit, the total profit of retailers is relatively insensitive to the price elasticity changes, as shown in Fig. 6(a). Nevertheless, there are changes, especially when the price elasticity is less than 1.3. The stable demand caused by the same number of retailers selected (shown in Fig. 6(b)) contributes to the relatively stable total profit of retailers when the price elasticity is larger than 1.3. The The number of selected retailers

The number of retailers joining the system number of retailers selected varies between 7 and 9, as shown in Fig. 6(b). This may cause high demand changes, which, in turn, contribute to the changes to the total profit of retailers.

In relation to the above results and analysis, we draw some managerial implication as follows. To avoid profit decrease caused by the increase of the price elasticity, manufacturers can work out solutions to e.g., reduce inventory, thus cutting down costs and further increasing the profit. In addition, the manufacturer can work out solutions to increase demand. This is especially true when the elasticity has a low value. See the additional implications in the analysis regarding production capacity. 

Conclusions

In practice, it is paramount important for manufacturers to consider the interactions when making decisions on production quantities, wholesale price, and retailer selection. This is especially true in the presence of emission control because emission control decisions influence, e.g., quantities of products to be produced. However, there are limited investigations on this issue. In this study, we, thus, addressed the joint decision making of production planning, pricing, and retailer selection. To model the interactive decision-making processes of a manufacturer and his potential retailers, we adopted the Stackelberg game theory and developed a Stackelberg game model, which is, by nature, a 0-1 mixed nonlinear bilevel program and cannot be solved When applying the game model to make joint decisions, the manufacturers and retailers need to determine a number of parameters, such as the number of planning periods in the planning horizon, emissions per unit product, production capacity in each period, the potential market scales, price elasticity, and so on. With all the necessary parameters determined, the manufacturers make interactive decisions on pricing and production quantity.

As indicated by sensitivity analysis, there is a capacity trap where if a manufacturer still increases his production capacity, he will make less profit. In the regard, the manufacturer has to be very careful for identifying the capacity trap. Our study can help manufacturers identify the capacity traps. Being included in a manufacturer's supply chain, a retailer will make nonnegative profit (in the worst case, 0 profit). Thus, retailers should make their efforts in, e.g., increasing the advertising investment, reducing the retail price, so that they can be selected by the manufacturer, thus being included in his supply chain. As profits of both the manufacturer and retailers stay relatively stable when the carbon emission buying (or selling) price changes, they may not make their decisions by depending on it. In other words, the manufacturer and retailers do not need to consider the carbon emission price when making decisions. This is especially true when the price lies in certain ranges (e.g., a price higher than 38 in the numerical examples). Although carbon emission allowance affects both a manufacturer's profit and retailer selection, he cannot change the amount of allowance. In this regard, he may take other actions, e.g., deciding on the optimal number of retailers to be included in his supply chain, to make more profit. Similarly, as a retailer's price elasticity affects significantly both the profit and retailer selection of a manufacturer, he can work out solutions to increase demand and to reduce inventory, thus cutting down costs and further increasing profit.

The Stackelberg game model and the NGA developed in this study have been proven that they can help manufacturers to make joint decisions, in the hope of increasing profits.

Nevertheless, there is future research in this direction. The manufacturer's supply chain is, in fact, decentralized, where retailers are independent units. In practice, some supply chains are centralized. In a centralized supply chain, the retailers belong to the manufacturer. In this case, how the manufacturer should make joint decisions to increase his profit or both his profits and the profits of selected retailers? Additionally, how the joint decisions should be made when the retailers are more powerful than the manufacturers, thus having more bargaining power in a supply chain? These deserve future investigations. It is interesting to explore some issues, e.g., time value of the money, interdependent demand (or advertising investments) of different periods, purchase discount, in the joint decision making in the future. Enhanced models involving these issues and corresponding solution methodologies need to be developed.

Moreover, in this study, we assumed that the carbon emission buying (or selling) price is known.

In practice, the carbon price is determined in the emission trading market based on the amount of emissions [START_REF] Hong | Optimizing an emission trading scheme for local governments: A Stackelberg game model and hybrid algorithm[END_REF]. In this regard, another avenue for future research is to extend the model by including a carbon emission determination mechanism and a new solution algorithm.

  Stackelberg game model, we develop the specific NGA for obtaining solutions. However, the Stackelberg game model cannot be directly solved using the NGA. This is because the decision variables of the lower level model -Submodel R -are contained in the constraints of the upper level model: Submodel M. We, therefore, develop a unique strategy to solve the model using the NGA. We first remove Submodel M's constraints, which contain it b . Subsequently, we obtain solutions by solving the Stackelberg game model without constraints containing it b in the upper level model. We then evaluate the solutions using the constraints removed. Based on the above strategy, there are three general phases in solving the Stackelberg game model. In the first phase, Submodel M's constraints involving it b are removed, resulting in a modified game model. In the second phase, the modified model is solved, and the values of all decision variables are obtained. The termination condition of the NGA is checked as well. It is in
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  joining the system exactly. In accordance with the characteristics of the Stackelberg game model, we further developed a nested genetic algorithm (NGA). Numerical examples' results demonstrated the applicability of the game model, the robustness of the NGA, and the influences of several important parameters, including production capacity, carbon emission allowance, carbon emission buying (or selling) price, on the manufacturer's and retailer's profits and decisions.

Table 1 :

 1 Summary of notation

	p i e ,	A i e , and

A it C and it A , respectively in period t to promote the products. As the retailers locate in different places, their demands are independent and do not influence one another. Retailer i's demand it D in period t is influenced by his retail price, the carbon emission of unit product, and the advertising investment from the manufacturer and himself. Based on the industrial information, retailer i's price, advertising, and emission elasticities e i e are known. The total demand of selected retailers in each period is satisfied by the manufacturer. The manufacturer transports the products to retailer i in period t at a unit transportation cost it c . Both the manufacturer and retailer i are to maximize their total profits m ∏ and r i ∏ , respectively in the planning horizon. The notation is summarized in Table 1 below. In addition, we provide functions in the table. Decision variables of the manufacturer: Decision variables of retailer i, i = 1, …, R: it a = : Select or not retailer i in period t; it b = : Join or not the system in period t; t q : Production quantity in period t; i p : Retail price in the planning horizon. w : Wholesale price of the product; bs t e : Emission amount to buy (or sell) in period t. Parameters related to the manufacturer: Parameters related to retailer i, i = 1, …, R: t= 1, …, T: Planning period index; it k : Market scale of retailer i in period t; τ : Emission amount emitted when producing one product; it A : Retailer i's advertising investment in period t; B: Production capacity in each period; p i e : Retailer i's price elasticity; e : Retailer i's advertising investment elasticity; t S : Setup cost in period t; e i e: Retailer i's carbon emission elasticity. t m : Unit production cost in period t; Functions: m h : Unit inventory holding cost per period; m ∏ : The manufacturer's profit in the planning horizon; it c : Unit transportation cost related to retailer i in period t; r i ∏ : Retailer i's profit in the planning horizon; t I : Inventory level at the end of period t; it D : Retailer i's demand in period t; t E : Carbon emission allowance for period t; m TC : The manufacturer's total cost in the planning horizon; t β: Carbon emission buying (or selling) price in period t. m TR : The manufacturer's revenue in the planning horizon.

Table 2 .

 2 Parameters of the retailers.

	i

Table 3 .

 3 Results for the manufacturer

	Planning period (t) Decision variables			1						2			
	Production quantity ($ % )			2071					2871		
	Wholesale price (w)			1728					1728		
	'( ) Emission to buy ( % Total profit () )	5.2034x10 7	24979					24973		
			Retailer selection (* )							
	Retailer (i) Planning period (t)	1	2	3	4	5	6	7	8	9	10	11	12

Table 4 .

 4 Results for the retailers

	Retailer (i)											
	1	2	3	4	5	6	7	8	9	10	11	12
	D. variables											
	Join or not											

Table 5 .

 5 The manufacturer's profits (× 10 # )

	Test	1	2	3	4	5	6	7	8	9	10	Average
	) 0	5.2034	5.0976	5.2034	5.3413	5.0094	5.2801	5.2034	5.2801	5.2034	5.2034	5.2026