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Supply chain models for fresh agricultural products are more complicated than the
supply chain models for usual industrial products with no deterioration because of some
special properties such that (1) the plant flowering and growing process depends on the
climate in farmland; (2) the amount of fresh products to be harvested is restricted by the
growing process which is hardly controllable; (3) the loss process of any fresh products
begins just after harvested and depends on the handling process; and (4) all fresh products
should be consumed directly by customers or used as fresh materials in food and beverage
industries before they become rotten. It is regrettable that the total loss of fresh agricultural
products can be up to 20-60% of the amount of harvested products in any country. A major
cause of this large loss may be a mismatch between harvesting and delivery processes in
terms of timing and quantity. Therefore, an optimal supply chain model for harvesting and
delivery in agro-industries should be constructed to reduce the total loss and to maximize

the total consumer satisfaction.



This thesis formulates basic agricultural models, especially a growing process of the
related plant on farmland and a loss process of fresh products after harvested. The former
process is identified as a maturing curve expressing the maximum amount of harvestable
fresh products after flowering on the farmland. Successive multiple flowering and growing
processes are also formulated to express the maximum amount of harvestable fresh
products, provided that any requirements for harvesting fresh products should be satisfied
through the earliest possible flowering. The loss process is identified by a loss function
expressing the amount of available fresh products whose quality is good enough to
consume. Successive multiple deliveries to multiple markets are also formulated to express
the maximum amount of available fresh products, provided that any requirements for
satisfying demand should be satisfied through the earliest possible delivery. Decision
problems based on these models are formulated to find an optimal harvesting pattern of
fresh agricultural products for maximizing a demand level to be satisfied in the market
under the condition of periodical flowering. Two cases, a restricted inventory case and an
unrestricted inventory case, are discussed separately, and two kinds of problems, a
single-market problem and a multiple-market problem, are constructed for each case. The
multiple-market problems are finally extended into decisions problems for selecting
optimal combination of transportation methods to deliver the fresh products from farmland
to the markets.

The thesis is organized as follows.

In Chapter 1, the introduction of the thesis is described.

In Chapter 2, three basic agricultural models are formulated in mathematical form to be
applied or extended in the remaining chapters. The first model, flowering-harvesting model,
is formulated to express the relationships between flowering-growing process and
harvesting activity. The bound for fresh agricultural products to be harvested at any period
is given by a combination of plant maturing curves in multiple flowering of agricultural
plants. In this bound, the remaining amount of harvestable fresh products in any maturing
curve was appropriately assessed by considering the remaining growing process on the
farmland. The second model, harvesting-delivering model, is formulated to explain the
relationships between harvesting and delivery of fresh products for consumption in each
market. The bound for demand of fresh agricultural products in each market at any period
is given by a sum of fresh products delivered with a given lead time and carried as on-hand
inventory. In this bound, the loss process inevitable for delivery and carrying inventory is

considered to obtain the amount of available fresh products in each market. The third



model, periodical flowering model, is formulated to describe the process of
harvesting-delivering through periodical flowering, provided that harvesting pattern for
each flowering is all the same and is repeated periodically, and that any requirement for
harvesting fresh products should be satisfied through the earliest possible plant maturing.
The relationships between an effective harvesting pattern and a maturing curve in
periodical flowering is expressed in mathematical form, and effective bounds for a demand
level to be satisfied constantly at any period are derived by eliminating a wasteful on-hand
inventory from the primary model.

In Chapter 3, decision problems based on the models provided in Chapter 2 are
formulated to maximize a demand level to be satisfied constantly every period by
periodical harvesting-delivery process of fresh agricultural products in a “single market” or
“multiple markets” under the condition that inventory can be carried as on-hand inventory
in the market for at most one period. In the multiple-market problem, demand in each
market is assumed to be satisfied in proportion to each market size so that the original
problem is converted to a “two-stage” optimization problem by decomposing it into a main
problem and a set of subproblems related to each market. An optimization algorithm is
proposed and applied to each decision problem to find an optimal harvesting pattern. The
proof is given in an analytical manner to show that the proposed algorithms provide an
optimal harvesting pattern to each problem. Numerical examples are demonstrated to show
how the proposed optimization algorithm works well. From the computational results, we
found that the optimal harvesting pattern is affected by a change in an interval of flowering
cycle and in a delivery lead time, and that fresh products can be harvested only for carrying
them as on-hand inventory as long as the loss of fresh products is less than the loss caused
by the deterioration on farmland in case of harvesting the products later.

In Chapter 4, the periodical flowering-harvesting problems discussed in Chapter 3 are
extended to more general cases, where fresh products are delivered to a single market or
multiple markets immediately after harvested and on-hand inventory in the market can be
carried for more than one period. In the multiple-market problem, the original problem is
decomposed into a main problem and a set of subproblems in the same way as in Chapter 3.
An optimal harvesting pattern to a single-market problem is derived analytically and an
optimization algorithm to solve a multiple-market problem is developed by exploiting the
optimal algorithm for the single-market problem. The proof is also given to show that the
solution obtained through the proposed algorithm is optimal. Numerical examples for the

two models are demonstrated to show the effectiveness of the proposed algorithm. It is



made clear that harvesting fresh products at any period just after multiple harvest assigned
to use only for carrying them as on-hand inventory is possible as long as the loss of fresh
products is less than the loss caused by the deterioration on farmland in case of harvesting
the products later.

In Chapter 5, the two-stage decision problems for multiple markets discussed in
Chapters 3 and 4 are finally extended into a “two-phase, two-stage” periodical
flowering-harvesting-transportation problem for selecting a best combination of
transportation methods from a single farmland to multiple markets to maximize the total
gross revenue obtained from the harvesting-delivery process of fresh agricultural products,
provided that the delivery lead time from farmland to the markets can be changed through
selecting one of available transportation methods. The restricted inventory case and the
unrestricted inventory case are dealt with separately in formulating the related optimization
problem, and in developing the optimization algorithm. A graphical method on a
two-objective space, to maximize the total relative sales and to minimize the total
transportation cost, is proposed for selecting the optimal combination of transportation
methods to maximize the total revenue under a given set of prices in multiple markets.
Sensitivity analyses are implemented to provide a range of prices so that the combination
of transportation methods remains optimal. Numerical examples with real data on
transportation costs available in Indonesia are demonstrated to show the effectiveness of
the proposed method for providing an optimal combination of transportation methods and
an optimal harvesting pattern.

In Chapter 6, the results obtained in this thesis are summarized and some perspectives

for the future work are given.
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