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This paper proposes a novel multi-objective model to support the distribution of retailers' funds among farms by considering the vegetables' perishability and the dependence of prices on the vegetables' freshness, being a novelty of the proposal. The multi-objective model simultaneously optimizes five objectives: maximization of SC profits, minimization of generated waste, minimization of the economic unfairness among farmers, minimization of the unfairness in the distribution of funds, and the maximization of the freshness of vegetables at their sale moment. This last objective as well as the joint optimization of the five objectives are novelties of this proposal. The multi-objective model is solved by using the ε-constraint method being the non-linear objectives linearized. Results show that interesting trade-offs can be found among objectives, with solutions that decrease the unfairness perception and increase the freshness of sold vegetables at the expense of a small reduction in profits.

Introduction

Vegetables consumers are increasingly looking for fresher and higher quality products. However, some farmers do not have the resources or knowledge to improve the quality and freshness of their products. This problem is widespread among small farmers with plantation areas of less than two hectares that are responsible for the 80% of the world's agricultural production [START_REF] Lowder | The Number, Size, and Distribution of Farms, Smallholder Farms, and Family Farms Worldwide[END_REF]. As a solution, some authors propose to create a collaboration program between retailers and farmers to improve the quality of agri-food products through funds given by retailers to farms. Most of them consider that retailers directly select the farmers on which invest by maximizing the SC profits to be obtained [START_REF] Sutopo | An Agri-food Supply Chain Model for Cultivating the Capabilities of Farmers Accessing Market Using Social Responsibility Program[END_REF][START_REF] Sutopo | An Agri-food Supply Chain Model to Empower Farmers for Supplying Deteriorated Product to Modern Retailer[END_REF][START_REF] Wahyudin | An Agri-food Supply Chain Model for Cultivating the Capabilities of Farmers in Accessing Capital Using Corporate Social Responsibility Program[END_REF][START_REF] Esteso | A Collaborative Model to Improve Farmers' Skill Level by Investments in an Uncertain Context[END_REF]. However, these approaches do not consider the role of farm cooperatives in the distribution of funds. This detail was considered in [START_REF] Esteso | Optimization Models to Improve First Quality Agricultural Production Through a Collaboration Program in Different Scenarios[END_REF] who proposed four models to distribute the funds among farmers, two of them being multi-objective models considering the maximization of SC profits and the minimization of the economic unfairness among farms, and the maximization of SC profits and the minimization of the unfairness in the distribution on funds, respectively. For this, they used the weighted sum method, through which weights are assigned to the considered objectives according to their relative importance.

In this paper, a multi-objective model to support the distribution of funds among farms is proposed in which, the perishability of vegetables and the price dependence on the vegetables' freshness are also considered, being novelties of this paper. Other novelty lies in the joint optimization of the SC profits, the economic unfairness among farms, the unfairness in the distribution of funds, the generated waste and the freshness of vegetables sold. This last two objectives have neither been previously modelled in the analysed papers. To solve the multi-objective model, the 𝜀-constraint method is used to obtain several non-dominated solutions.

The rest of the paper is structured as follows. Section 2 briefly describes the problem under study. Section 3 formulates the multi-objective model to distribute retailers' funds among farms considering the freshness of sold products and proposes its resolution methodology. Section 4 analyses the obtained non-dominated solutions. Finally, Section 5 outline conclusions and future research lines.

Problem Description

The SC under study is composed by small farmers, cooperatives, retailers, and markets. Small farms cultivate and harvest vegetables and classify them according to their quality. Once classified, vegetables can be stored at farms until their shelf-life is consumed. Farmers transport vegetables to the cooperatives to which they belong, who decide to which retailers transport first quality vegetables. Retailers transport first quality vegetables to markets, who sell vegetables to end consumers. Simultaneously, cooperatives can directly send second quality vegetables to markets, where are sold at a lower price.

In this context, retailers can fund farmers to increase the proportion of first quality vegetables to be obtained from harvest. Each retailer has a limited budget for this type of investments and classifies farmers into levels according to their skills. Farmers pass from one to the following skill level with each fund perceived. Each farmer can perceive a maximum number of funds.

In addition, the commercialized vegetables are perishable, what means that their shelf-life decreases as time passed between their harvest and sale. Vegetables should have a minimum remaining shelf-life at the time of their sale to ensure a minimum freshness. In case this freshness cannot be assured, vegetables are wasted.

Multi-Objective Model Formulation

The nomenclature used to formulate the model to solve the above problem is defined in Table 1, where 𝑣 refers to vegetables, 𝑞 to quality of vegetables, 𝑓 to farmers, 𝑐 to cooperatives, 𝑟 to retailers, 𝑚 to markets, 𝑡 to the periods of time, ℎ to harvest periods, 𝑥 to the freshness of vegetables, and 𝐹𝐶 𝑓𝑐 refers to the set of farmers 𝑓 belonging to a cooperative 𝑐. 

Objective Function

The proposed multi-objective model considers five objectives: Maximization of SC profits (𝒁 𝑷 ): The SC profits are comprised by sales, costs related to the production, storage and transport of vegetables, the investments made by retailers, and penalty costs related to unmet demand [START_REF] Lowder | The Number, Size, and Distribution of Farms, Smallholder Farms, and Family Farms Worldwide[END_REF].

𝑀𝑎𝑥 𝑍 𝑃 = ∑ ∑ ∑ (∑ ∑ ∑ 𝑝 𝑚 𝑣𝑞𝑥𝑡 • 𝑄𝑆 𝑚 𝑣𝑞ℎ𝑡 𝑥=𝑡-ℎ 𝑡≥ℎ 𝑚 -∑ 𝑐𝑝 𝑓 𝑣 • 𝑄𝐻 𝑓 𝑣𝑞ℎ 𝑓 ℎ 𝑞 𝑣 -∑ ∑ 𝑐𝑖 𝑓 𝑣𝑡 • 𝐼𝑛𝑣 𝑓 𝑣𝑞ℎ𝑡 𝑡≥ℎ 𝑓 -∑ ∑ ∑ 𝑐𝑡𝑐 𝑓𝑐 𝑣𝑡 • 𝑄𝐶 𝑓𝑐 𝑣𝑞ℎ𝑡 𝑡≥ℎ 𝑐∈𝐹𝐶 𝑓𝑐 𝑓 -∑ ∑ ∑ 𝑐𝑡𝑟 𝑐𝑟 𝑣𝑡 • 𝑄𝑅 𝑐𝑟 𝑣𝑞ℎ𝑡 𝑡≥ℎ 𝑟 𝑐 -∑ ∑ ∑ 𝑐𝑡𝑑 𝑐𝑚 𝑣𝑡 • 𝑄𝐷 𝑐𝑚 𝑣𝑞ℎ𝑡 𝑡≥ℎ 𝑚 𝑐 -∑ ∑ ∑ 𝑐𝑡𝑚 𝑟𝑚 𝑣𝑡 • 𝑄𝑀 𝑟𝑚 𝑣𝑞ℎ𝑡 𝑡≥ℎ 𝑚 𝑟 ) -∑ ∑ ∑ ∑ 𝑢𝑝 𝑚 𝑣𝑞𝑡 • 𝑈𝐷 𝑚 𝑣𝑞𝑡 𝑡≥ℎ 𝑞 𝑣 𝑚 -∑ ∑ 𝐹𝐼 𝑓𝑟 • 𝑐𝑓 𝑟 𝑓 (1)
Minimization of waste (𝒁 𝑾 ): Waste is produced when vegetables perish [START_REF] Sutopo | An Agri-food Supply Chain Model for Cultivating the Capabilities of Farmers Accessing Market Using Social Responsibility Program[END_REF].

𝑀𝑖𝑛 𝑍 𝑊 = ∑ ∑ ∑ ∑ ∑ 𝑊 𝑓 𝑣𝑞ℎ𝑡 𝑡≥ℎ ℎ 𝑞 𝑣 𝑓 (2)
Minimization of economic unfairness among farmers (𝒁 𝑬𝑼 ): Absolute difference between the margin per hectare obtained by each farm and the mean margin per hectare for all farms (3). The margin is composed by sales to cooperatives, and costs related to the production, storage, and distribution of vegetables [START_REF] Wahyudin | An Agri-food Supply Chain Model for Cultivating the Capabilities of Farmers in Accessing Capital Using Corporate Social Responsibility Program[END_REF].

𝑀𝑖𝑛 𝑍 𝐸𝑈 = ∑ | 𝑀𝐹 𝑓 𝑎 𝑓 - ∑ 𝑀𝐹 𝑓 𝑓 ∑ 𝑎 𝑓 𝑓 | 𝑓 (3) 
𝑀𝐹 𝑓 = ∑ ∑ ∑ ∑ (∑ ∑ (𝑠𝑝 𝑐 𝑣𝑞𝑡 -𝑐𝑡𝑐 𝑓𝑐 𝑣𝑡 ) • 𝑄𝐶 𝑓𝑐 𝑣𝑞ℎ𝑡 𝑡 𝑐 -𝑐𝑝 𝑓 𝑣 • 𝑄𝐻 𝑓 𝑣𝑞ℎ -∑ 𝑐𝑖 𝑓 𝑣𝑡 • 𝐼𝑛𝑣 𝑓 𝑣𝑞ℎ𝑡 𝑡 ) ℎ 𝑞 𝑣 𝑓 (4)
Minimization of the unfairness in the distribution of funds (𝒁 𝑭𝑼 ): Absolute difference between the number of funds received by each farm and the average number of funds received by all farms [START_REF] Esteso | A Collaborative Model to Improve Farmers' Skill Level by Investments in an Uncertain Context[END_REF].

𝑀𝑖𝑛 𝑍 𝐹𝑈 = ∑ |∑ 𝐹𝐼 𝑓𝑟 𝑟 - ∑ ∑ 𝐹𝐼 𝑓𝑟 𝑟 𝑓 ∑ 𝑏 𝑟 /𝑐𝑓 𝑟 | 𝑓 (5) 

Maximization of freshness of sold vegetables (𝒁 𝑭𝑹 ):

To accurately represent the average freshness, the denominator should be equal to the quantity of sold vegetables instead of the demand of vegetables [START_REF] Esteso | Optimization Models to Improve First Quality Agricultural Production Through a Collaboration Program in Different Scenarios[END_REF]. A strict calculation of the average freshness would imply solving a non-linear model, which would complicate its resolution [START_REF] Grillo | Mathematical modelling of the order-promising process for fruit supply chains considering the perishability and subtypes of products[END_REF].

𝑀𝑎𝑥 𝑍 𝐹𝑅 = ∑ ∑ ∑ ∑ ∑ (𝑠𝑙 𝑣 + ℎ -𝑡) • 𝑄𝑆 𝑚 𝑣𝑞ℎ𝑡 𝑡 ℎ 𝑞 𝑣 𝑚 ∑ ∑ ∑ ∑ 𝑑𝑒𝑚 𝑚 𝑣𝑞𝑡 𝑡 𝑞 𝑣 𝑚 (6)

Constraints

The model is subjected to the following constraints. Vegetables ready for harvest in a harvest period needs to be harvested and classified according to their quality [START_REF] Grillo | Mathematical modelling of the order-promising process for fruit supply chains considering the perishability and subtypes of products[END_REF].

𝑠 𝑓 𝑣ℎ = ∑ 𝑄𝐻 𝑓 𝑣𝑞ℎ 𝑞 ∀𝑓, 𝑣, ℎ (7) 
The quantity of first quality vegetables (q=1) is calculated by multiplying the amount of vegetables ready for harvest by the initial proportion of first quality vegetables produced at the farm plus the improvement of such proportion through received funds [START_REF] Mavrotas | Effective implementation of the ε-constraint method in Multi-Objective Mathematical Programming problems[END_REF]. The rest of harvested vegetables are second quality vegetables (9).

𝑄𝐻 𝑓 𝑣𝑞ℎ = 𝑠 𝑓 𝑣ℎ • (𝑔 𝑓 𝑣ℎ + 𝛽 • 𝐶𝐿 𝑓 ) ∀𝑓, 𝑣, 𝑞 = 1, ℎ (8) 
𝑄𝐻 𝑓 𝑣𝑞ℎ = 𝑠 𝑓 𝑣ℎ • (1 -𝑔 𝑓 𝑣ℎ -𝛽 • 𝐶𝐿 𝑓 ) ∀𝑓, 𝑣, 𝑞 = 2, ℎ (9) 
Once harvested, products can be stored, wasted, or transported to cooperatives (10). Vegetables shelf-life should be taken into account when storing vegetables (11), so when the vegetables shelf-life is consumed, vegetables would be wasted. 

First quality vegetables received by cooperatives are sent to retailers (13) while second quality vegetables are directly sent from cooperatives to markets (14). Vegetables received by retailers are sent to markets (15). The transport of second quality vegetables from cooperatives to retailers and from retailers to markets is not allowed (16). Similarly, first quality vegetables cannot be transported from cooperatives to markets (17). (16)

∑ ∑ ∑ ∑ ∑ 𝑄𝐷 𝑐𝑚 𝑣𝑞ℎ𝑡 𝑡≥ℎ ℎ 𝑣 𝑚 𝑐 = 0 ∀𝑞 = 1 (17) 
Vegetables that arrive to markets are finally sold (18). In case there is not enough supply to meet demand, unmet demand would be generated (19). 

The proportion of first quality vegetables obtained at each farm is lower or equal to the unit (20). The skill level of farmers is equal to their initial skill level and the levels improved with retailer funds and cannot exceed the maximum level defined in the CP (21). Finally, investments made by retailers cannot exceed their CP budget (23).

𝑔 𝑓 𝑣ℎ + 𝛽 • 𝐶𝐿 𝑓 ≤ 1 ∀𝑓, 𝑣, ℎ (20) 
𝐶𝐿 𝑓 = 𝑙 𝑓 + ∑ 𝐹𝐼 𝑓𝑟 𝑟 ≤ 𝑁 ∀𝑓 (21) ∑ 𝐹𝐼 𝑓𝑟 • 𝑐𝑓 𝑓 ≤ 𝑏 𝑟 ∀𝑟 (22) 
Finally, constraint (24) shows the nature of decision variables. 

Resolution methodology

To solve the proposed model, it is necessary to first linearize the non-linear. To linearize these expressions, variables 𝐸𝑈 𝑓 y 𝐹𝑈 𝑓 are created to represent the absolute differences related to objectives 𝑍 𝐸𝑈 and 𝑍 𝐹𝑈 , respectively (24-25).

𝑀𝑖𝑛 𝑍 𝐸𝑈 = ∑ 𝐸𝑈 𝑓 𝑓 ( 24 
) 𝑀𝑖𝑛 𝑍 𝐹𝑈 = ∑ 𝐹𝑈 𝑓 𝑓 (25) 
Variable 𝐸𝑈 𝑓 is calculated as the absolute difference between the margin per hectare per farm and the average margin per hectare of the whole farming region. Constraints (26)-( 27) are formulated to linearly ensure the variable 𝐸𝑈 𝑓 to acquire absolute values. This same process is made to variable 𝐹𝑈 𝑓 representing the absolute difference between funds received by each farmer and the average funds received by farms (28)-(29).

𝐸𝑈 𝑓 ≥ 𝑀𝐹 𝑓 𝑎 𝑓 - ∑ 𝑀𝐹 𝑓 𝑓 ∑ 𝑎 𝑓 𝑓 ∀𝑓 (26) 
𝐸𝑈 𝑓 ≥ ∑ 𝑀𝐹 𝑓 𝑓 ∑ 𝑎 𝑓 𝑓 - 𝑀𝐹 𝑓 𝑎 𝑓 ∀𝑓 (27) 
𝐹𝑈 𝑓 ≥ ∑ 𝐹𝐼 𝑓𝑟 𝑟 - ∑ ∑ 𝐹𝐼 𝑓𝑟 𝑟 𝑓 ∑ 𝑏 𝑟 /𝑐𝑓 𝑟 ∀𝑓 (28) 𝐹𝑈 𝑓 ≥ ∑ ∑ 𝐹𝐼 𝑓𝑟 𝑟 𝑓 ∑ 𝑏 𝑟 /𝑐𝑓 𝑟 -∑ 𝐹𝐼 𝑓𝑟 𝑟 ∀𝑓 (29) 
Once objectives are linearized, the ε-constraint method is applied to solve the model. This method transforms the multi-objective model into a single-objective model by selecting one objective as the objective function and transforming the rest of objectives into constraints [START_REF] Mavrotas | Effective implementation of the ε-constraint method in Multi-Objective Mathematical Programming problems[END_REF]. The new model is formulated as follows:

𝑀𝑎𝑥 𝑍 𝑃 subject to:

∑ ∑ ∑ ∑ ∑ 𝑊 𝑓 𝑣𝑞ℎ𝑡 𝑡 ℎ 𝑞 𝑣 𝑓 ≤ 𝜀 𝑊 (30) ∑ 𝐸𝑈 𝑓 𝑓 ≤ 𝜀 𝐸𝑈 (31) ∑ 𝐹𝑈 𝑓 𝑓 ≤ 𝜀 𝐹𝑈 (32) ∑ ∑ ∑ ∑ ∑ (𝑠𝑙 𝑣 + ℎ -𝑡) • 𝑄𝑆 𝑚 𝑣𝑞ℎ𝑡 𝑡 ℎ 𝑞 𝑣 𝑚 ∑ ∑ ∑ ∑ 𝑑𝑒𝑚 𝑚 𝑣𝑞𝑡 𝑡 𝑞 𝑣 𝑚 ≥ 𝜀 𝐹𝑅 (33) 
and Eqs. ( 4), ( 7)-( 23), ( 26)-(29)

Experimental Design

The model was implemented in the optimization software MPL® 5.0.8 and solved with the solver Gurobi TM 8.1.1. Microsoft Access Databases were used to import data. Data used was extracted from [START_REF] Esteso | Optimization Models to Improve First Quality Agricultural Production Through a Collaboration Program in Different Scenarios[END_REF] where a four months horizon in a daily basis was considered. In addition, it is assumed that vegetables have a limited shelf-life equal to 14 days and vegetables' prices decrease as the freshness of vegetables do so. First, it is verified that considered objectives are not aligned. If two or more objectives were aligned, an improvement of one of them would necessarily imply the improvement of the other, not being necessary to apply a multi-objective approach. To do this, a partial correlation analysis is performed on a set of non-dominated solutions obtained through lexicographic optimization. Lexicographic optimization consists of sequentially optimizing the objectives by fixing the value acquired by previously optimized objectives [START_REF] Mavrotas | Effective implementation of the ε-constraint method in Multi-Objective Mathematical Programming problems[END_REF]. For example, in a case with two objectives (f1 and f2), the objective f1 would be optimized and later the objective f2 would be optimized by setting the value of f1 to its optimal value. By performing this process with all the possible sequences in this paper, a total of 120 solutions are obtained, which are refined to 40 nondominated solutions after eliminating duplicates. The partial correlation analysis (Table 2) is performed on these solutions which are not shown due to lack of space. For two objectives to be aligned, values greater than 0.9 should be obtained for objectives optimized in the same sense (maximization-maximization or minimizationminimization), or less than -0.9 for objectives optimised in the opposite sense (maximization-minimization). After this analysis it is shown that objectives are not aligned, and, in case of objectives 𝑍 𝑊 and 𝑍 𝐹𝑈 (both minimized) are in conflict, so that when one of them improves the other necessarily worsens. Once it is verified that objectives are not aligned, it is possible to continue with the multi-objective proposal.

For this, the ε-constraint method previously exposed is applied. ε-values are obtained by calculating equal intervals between the objectives' minimum and maximum values obtained by the lexicographic optimization. Figure 1 shows the results for 24 non-dominated solutions in terms of SC profits, waste, economic unfairness, in the funds distribution, vegetables freshness when sold, and unmet demand. The mean resolution time to obtain these solutions was of 80 seconds. Results show that similar SC profits are obtained for most of the non-dominated solutions. Therefore, the SC members could choose which solution to implement based on the aspects they consider more relevant (waste, unfairness, freshness, unmet demand) without making a big difference in SC profits. On the other hand, it is observed that minimizing the unfairness in the distribution of funds to zero has a negative impact on the SC profits, generated waste, and the percentage of unmet demand. Therefore, these solutions seem undesirable for SC interested in reducing waste and ensuring a high service level. Finally, solution 24 offers the best freshness of vegetables at their sales time but makes the rest of objectives considerably worse. Thus, it is concluded that this solution may also be inappropriate for the SC.

Conclusions

A multi-objective model to support the distribution of retailers' funds among farms to improve the quality and freshness of sold vegetables is proposed. After checking that objectives are not aligned, the 𝜀-constraint method is applied to solve the model, and 24 non-dominated solutions are obtained. Results show that good results can be obtained for the waste generated, the unfairness perceptions and the freshness of vegetables while slightly reducing the SC profits.
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  , 𝑞, ℎ, ℎ ≤ 𝑡 ≤ ℎ + 𝑠𝑙 𝑣 -𝑚𝑠𝑙𝑣 
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 1 Fig. 1. Non-dominated solutions for the multi-objective model.

Table 1 .

 1 Nomenclature.

	Parameters		
	𝑎 𝑓	Area of farm 𝑓.	𝑠𝑙 𝑣	Shelf-life of vegetable 𝑣 after harvest.
	𝑠 𝑓 𝑣ℎ	Quantity of vegetable 𝑣 harvested in	𝑚𝑠𝑙 𝑣 Minimum shelf-life that vegetable 𝑣
		farm 𝑓 at harvest period ℎ.		needs to have to be sold.
	𝑔 𝑓 𝑣ℎ	Proportion of first quality vegetable 𝑣	𝑠𝑝 𝑐 𝑣𝑞𝑡 Unitary income for selling vegetable 𝑣
	𝑐𝑝 𝑓 𝑣	harvested by farm 𝑓 at period ℎ. Unitary cost for producing vegetable	𝑐𝑖 𝑓 𝑣𝑡	with quality 𝑞 to cooperative 𝑐 at 𝑡. Unitary cost for storing vegetable 𝑣 at
		𝑣 at farm 𝑓.		farm 𝑓 at period 𝑡.
	𝑐𝑡𝑐 𝑓𝑐			

𝑣𝑡 Unitary cost for transporting 𝑣 from farm 𝑓 to cooperative 𝑐 at period 𝑡. 𝑐𝑡𝑚 𝑟𝑚 𝑣𝑡 Unitary cost for transporting 𝑣 from retailer 𝑟 to market 𝑚 at period 𝑡. 𝑐𝑡𝑟 𝑐𝑟 𝑣𝑡 Unitary cost for transporting 𝑣 from cooperative 𝑐 to retailer 𝑟 at period 𝑡. 𝑐𝑡𝑑 𝑐𝑚 𝑣𝑡 Unitary cost for transporting 𝑣 from cooperative 𝑐 to market 𝑚 at period 𝑡. 𝑝 𝑚 𝑣𝑞𝑥𝑡 Unitary price for vegetable 𝑣 with quality 𝑞 and freshness 𝑥 at market 𝑚 at period 𝑡. 𝑢𝑝 𝑚 𝑣𝑞𝑡 Unitary penalty cost for not meeting demand of vegetable 𝑣 with quality 𝑞 at market 𝑚 at period 𝑡. 𝑑𝑒 𝑚 𝑣𝑞𝑡 Demand of vegetable 𝑣 with quality 𝑞 at market 𝑚 at period 𝑡. 𝛽 Improvement of the first quality vegetable proportion per skill level. 𝑙 𝑓 Initial skill level of farm 𝑓. 𝑁 Number of skill levels. 𝑐𝑓 Cost of increasing one skill level. 𝑏 𝑟 Budget of retailer 𝑟 for funding. Decision variables 𝑄𝐻 𝑓 𝑣𝑞ℎ Quantity of vegetable 𝑣 with quality 𝑞 harvested at farm 𝑓 at period ℎ. 𝐼𝑛𝑣 𝑓 𝑣𝑞ℎ𝑡 Inventory of vegetable 𝑣 with quality 𝑞 harvested at farm 𝑓 at period ℎ stored at period 𝑡. 𝑄𝑅 𝑐𝑟 𝑣𝑞ℎ𝑡 Quantity of vegetable 𝑣 with quality 𝑞 harvested at period ℎ transported from cooperative 𝑐 to retailer 𝑟 at period 𝑡. 𝑄𝐶 𝑓𝑐 𝑣𝑞ℎ𝑡 Quantity of vegetable 𝑣 with quality 𝑞 harvested at farm 𝑓 at period ℎ transported to cooperative 𝑐 at period 𝑡. 𝑄𝑀 𝑟𝑚 𝑣𝑞ℎ𝑡 Quantity of vegetable 𝑣 with quality 𝑞 harvested at period ℎ transported from retailer 𝑟 to market 𝑚 at period 𝑡. 𝑣𝑞ℎ𝑡 Quantity of vegetable 𝑣 with quality 𝑞 harvested at farm 𝑓 at period ℎ wasted at period 𝑡. 𝑄𝑆 𝑚 𝑣𝑞ℎ𝑡 Quantity of vegetable 𝑣 with quality 𝑞 harvested at period ℎ sold at market 𝑚 at period 𝑡. 𝑈𝐷 𝑚 𝑣𝑞𝑡 Unmet demand of vegetable 𝑣 with quality 𝑞 at market 𝑚 at period 𝑡. 𝐹𝐼 𝑓𝑟 Number of funds given by retailer 𝑟 to farm 𝑓. 𝐶𝐿 𝑓 Current skill level of farm 𝑓. 𝑀𝐹 𝑓 Margin obtained by farmer 𝑓.

Table 2 .

 2 Partial correlation analysis.

		𝑍 𝑃	𝑍 𝑊	𝑍 𝐸𝑈	𝑍 𝐹𝑈	𝑍 𝐹𝑅
	𝑍 𝑃	1				
	𝑍 𝑊	-0.066	1			
	𝑍 𝐸𝑈	-0.364	-0.113	1		
	𝑍 𝐹𝑈	-0.019	-0.958	0.203	1	
	𝑍 𝐹𝑅	-0.660	-0.596	0.358	0.634	1
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