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Abstract

Agricultural inputs are materials directly used in farming to enhance productivity and

ensure successful crops. These include seeds, fertilizers, and agrochemicals (pesticides,

herbicides). Agricultural inputs have short selling periods and require long production

time, therefore Advance Booking (AB) has become a widely used practice in the Agricul-

tural Input Supply Chain (AISC). It offers multiple benefits to the seller (manufacturer),

such as better demand information, reduced risk, and better cash flow. It also benefits

the buyers (wholesalers), as they receive a discounted price and assured deliveries without

being subjected to market fluctuations.

Several seed producers in India, such as Penna Seeds, Aadhaar Seeds, and Kirtiman

Agrogenetics, offer advance booking for seeds of crops like maize, wheat, and paddy.

Similarly, agrochemical manufacturers like UPL Limited, Dhanuka Agritech, and Tropical

Agro provide booking schemes for a variety of herbicides and pesticides. Manufacturers

typically offer advance booking schemes to the wholesalers a few months before the selling

season begins. A discounted price is offered in the AB period; based on whether full or

partial payment is required for booking the products, there are two types of advance

booking schemes: full payment advance booking (FPAB) scheme and Token advance

booking (TAB) scheme, which we study in Chapter 2 (Problem 1) and 3 (Problem 2) of

the thesis, respectively. The wholesaler can influence her demand by exerting sales effort

in the form of promotional activities, hiring sales staff, offering her customers services

like free delivery etc.

For the manufacturer, the AB information is important as it gives him a better idea

of the upcoming demand and helps him to make better production-related decisions. On

the other hand, the Stackelberg leadership position offers him the opportunity to be the

first mover to make his decision, anticipating the wholesaler’s reaction.

In the first problem of the thesis, we discuss two supply chain structures: one high-

i



lights the AB information and another Stackelberg leadership. As we have two players

and the decisions of one player depend on the response of the other player, we study

the supply chain from a dyadic view. We model the AISC as a single product, two

player (manufacturer and wholesaler) game with AB discount and sales effort-dependent

stochastic demand. We develop two models: the Wholesaler Stackelberg (WS) model,

where the manufacturer prefers AB information above the SC leadership position, and

the Manufacturer Stackelberg (MS) model, where he is the leader.

We find that the wholesaler always puts in higher (or equal) sales effort when she is

the Stackelberg leader (WS setup). On the other hand, we find that for low levels of

AB discount, the manufacturer produces higher quantities when he is the Stackelberg

leader. A comparison of the two players’ profits in the two setups shows that getting

AB information by becoming a follower in the supply chain (WS setup) brings higher

profits to the manufacturer. Also, for moderately high levels of AB discount, the WS

setup creates a win-win situation for both the players.

We also design a returns contract not commonly studied in the AISC to check if it

can benefit the players. We solve the AB with a returns contract model and find that for

intermediate levels of AB discount and manufacturing cost, the returns policy benefits

both the players and the supply chain.

In the second problem of the thesis, we study the Token Advance Booking scheme

with a quantity discount in presence of a sales effort-dependent stochastic demand. In

this scheme, the wholesaler pays only a portion (token amount) of the selling price to

place a booking order. We develop the model, solve it to determine the equilibrium

strategies of the players, and analyze the results.

Overall, this thesis aims to study the interaction of sales effort-dependent stochastic

demand with two varieties of advance booking schemes (FPAB and TAB) in the context

of the agricultural input supply chain. We develop analytical models and analyze them

to understand and gain insights into agricultural input supply chain decisions.
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Chapter 4

Conclusion and Discussion

This thesis examines the interaction of advance booking discount scheme with sales effort-

dependent stochastic demand in the context of the agricultural input supply chain. We

begin by discussing the agriculture and agricultural input supply chain and how advance

booking and sales effort exerted by the wholesaler plays a crucial role in that. We study

two variants of advance booking schemes popular in the agricultural input supply chain,

namely, full payment advance booking and token advance booking, in the second and

third chapters of the thesis.

In the second chapter of the thesis, we attempt to investigate whether advance booking

information or Stackelberg leadership benefits the players more. We prepare two models,

one in which the manufacturer is the Stackelberg follower and makes his decision of

production quantity after observing the wholesaler’s decision, while in the other, he is

the Stackelberg leader. We solve both models and compare the results to generate insights

into the problem.

We further extend the model by designing a returns contract, in which the manufac-

turer offers an option of returning the excess quantity if the wholesaler’s realized demand

falls short of the booking quantity by making a refund of a portion of the booking amount

to the wholesaler. We solve the problem to draw further insights into how an advance
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booking with a returns policy can benefit the two players.

In the third chapter of the thesis, we study the token advance booking scheme along

with quantity discount which is quite prevalent in the agriculture input supply chain. We

develop an analytical model to derive the equilibrium decision outcomes of the manufac-

turer and wholesaler we also conduct a numerical analysis to generate valuable insights

into the problem.

4.1 Research Contribution

This thesis contributes to the literature of advance booking (or advance selling) by study-

ing the manufacturer’s decision of production quantity and the wholesaler’s decision of

advance booking quantity and sales effort in wholesaler and manufacturer Stackelberg

setups with a sales effort-dependent stochastic demand. The study of returns contracts

under an advance booking scheme is another important contribution offered by this thesis.

We also contribute to the sparsely available literature on agricultural input supply

chains with a focus on two popular variants of advance booking namely full payment

advance booking and token advance booking.

From a managerial perspective, we contribute by suggesting that advance booking

information brings higher profits to the manufacturer in comparison to Stackelberg lead-

ership position, therefore he should make his decision after observing the wholesaler’s

booking quantity. Moreover, our results suggest that under certain conditions of advance

booking discount, the manufacturer being a follower in the Stackelberg game not only

benefits him but also the wholesaler and the entire supply chain, creating a win-win

situation for everyone. We also find that in supply chains where the wholesaler acts as

the Stackelberg leader, they exert greater sales effort, and the manufacturer typically

responds by increasing production quantity.
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Another important managerial contribution we make is related to the returns policy.

It is perceived that a returns policy along with an advance booking scheme can harm the

profits of the manufacturer. However, we show that under certain conditions, there is

a possibility that it can benefit both the manufacturer and the wholesaler and create a

win-win situation in the supply chain.

From the results of Chapter 3, we find that when the manufacturer sets a lower

quantity discount threshold, the wholesaler is more likely to place an order in the higher

discount bracket. However, when the threshold is set too high, the wholesaler prefers to

remain in the lower discount bracket.

4.2 Limitations and Future Research

There are certain limitations and assumptions made in this thesis which can be extended

and addressed with further investigation. First, we limit the scope of this thesis to a

single manufacturer and single wholesaler setup to avoid the competitive or collaborative

dynamics among the players. It will be interesting to study a setup with more than one

manufacturer and/or wholesaler and how it impacts the results. Second, we consider a

uniformly distributed demand to keep the model simple and mathematically tractable,

it will be interesting to check and verify the results with different demand distributions

like Gaussian distribution, Beta distribution or other generalized distributions. Relaxing

this assumption may impact the ability to obtain closed-form solutions. In such cases,

numerical methods could prove valuable for solving the problem. Third, we consider all

the prices as exogenous to focus on the dynamics of manufacturing and advance booking

quantities with sales effort dependent demand; it could be interesting to endogenize

the prices as decision variables and observe their impact on the model and the results.

although increasing the number of decision variables can add complexity and potentially

make the solution intractable, it may be necessary to simplify the problem by introducing

additional assumptions. Fourth, inspired from the literature, we consider an additive
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effect of sales effort on the demand. However, it would also be interesting to explore and

verify the results under a multiplicative effect. Fifth, we do not consider any budgetary

constraints for the manufacturer or the wholesaler, we assume that they have enough

cash or they can arrange it. However, it will be interesting to check the players decisions

under financial constraints. Sixth, as observed in Chapter 2, a returns contract can be

beneficial for both players in a token advance booking with a quantity discount schedule

as well. Therefore, extending Chapter 3 to incorporate a returns policy and analyzing

its impact on the outcomes would be an interesting direction for further study. Lastly,

we consider a fixed advance booking discount rate with respect to time. However, in

practice, some manufacturers implement a time-based discount schedule, where the earlier

a wholesaler places a booking order and pays the booking amount, the higher the discount

they receive. Incorporating this aspect into the model could provide valuable insights into

the equilibrium decisions under time based advance booking discount schedule.
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