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ABSTRACT

Food is the main need for every individual that must always be fulfilled. For Indonesia, food is
identified with rice because this type of food is a commodity consumed by the Indonesian
population. Therefore, the rice crisis can interrupt economic resilience and national stability.
National rice consumption from year to year will continue to increase in line with Indonesia's
population. Although Indonesia is the third-largest country in the world in producing the most,
Indonesia still depends on rice imports. This was done by the government to maintain the
national rice supply. The rice supply chain in Indonesia has not been optimum, as indicated by
the relatively small profits of producers. In this research, we construct the maximum profit
model of direct and indirect media sales of rice for producers, distributors, and retailers. And
then, we determine the optimum solution of the model and analysis of the factors in the rice
supply chain that affect it. The results showed that changes in the proportion of demand greatly
affect the resulting optimal profit.
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1. INTRODUCTION

Food is a major need for every individual, which must always be met. Food availability has always
been the government's concern in meeting food security. As for Indonesia, food is identified with rice because
this particular type of food is a commodity consumed by the majority of Indonesia's population. As such, the
rice supply crisis could endanger economic stability and national stability.

National rice consumption from year to year will continue to increase in line with the increase in
Indonesia's population. Although Indonesia is the third largest country in the world in producing the most
rice, Indonesia itself still depends on rice imports. This is done by the government to sustain national rice
stock supplies. Mahbubi's research [1] describes the importance of assessing a sustainable rice supply chain
system in efforts to ensure national food security. A supply chain consists of all parties involved directly or
indirectly in fulfilling customer demand. The supply chain includes not only manufacturers and suppliers but
also transporters, warehouses, retailers, and even the customers themselves. The supply chain includes all
functions involved in receiving and filling customer requests [2].

These problems can be studied from a mathematical point of view for expected decision-making.
According to Winston [3] a scientific approach to decision-making usually involves the use of one or more
mathematical models. A mathematical model is a mathematical method of representation of an actual
situation that can be used to produce better decisions or simply to understand the truth. The conceptual model
of the decision-making process implies that the final decision is made through three main models, namely the
model structure, the impact model, and the evaluation model [4]. Bala et al. [5] present a dynamic model of
the rice supply chain system from farmers to consumers for efficient supply chain management in
Bangladesh. Mathematical models are in the form of equations to describe the supply and demand for supply
at a certain time. The research focuses on ensuring the availability of rice to consumers and the analysis of
the sensitivity of the parameters. In the research of Surjasa et al. [6] analyzed the rice supply chain in
Indonesia and a supplier selection model to identify and study the important components of the entire supply
chain to maintain a stable supply and price of rice. In this study, the TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) model was used to drink out the costs and maximize profits.

In this research, the model structure is taken from Badan Pusat Statistik (BPS) data [7] which is
processed by involving producers, distributors, and retailers. This research focuses on constructing models
related to supply chains in Indonesia. Such a model is also built from producers selling their products through
two media, namely those directly to consumers and indirectly through distributors and retailers. The
constructed model structure aims to maximize profits.

2. RESEARCH METHODS

This research is conducted with a literature study method. In this section, we divide it into two sub-
sections, namely the literature review that underlies the research in this paper and the research methodology.

2.1 Literature Review

In 2008, Yong's research [8] explained the mismatch between supply, demand and resources faced by
the rice supply chain in Malaysia. The study considers the size of domestic production and existing imports
from various types of constraints and explains the need for an efficient supply chain improvement. This
research is still limited to the basics and challenges of the rice supply chain in the future.

According to Aji [9], supply chain improvement is intended to increase profit competitiveness. In 2013,
Mahbubi [1] studied the importance of the rice supply chain for sustainable food security in Indonesia which
resulted in a dynamic model. The model formulation is structured by using a flow chart and mathematical
formulation. This dynamic model, in order to see the supply chain system and food security, is not included
in optimizing the profits of business actors. Research by South et al. [10] shows that the rice supply chain in
Indonesia is not yet optimal, as indicated by the relatively small profits of farmers. Farmers as the main actors
in the rice supply chain play an important role in meeting consumer demand. Sharma [11] in his research
explained that farmers distribute rice directly to consumers to reduce middleman costs and increase income.
Indirect distribution is carried out due to low demand or unfulfilled large demand or other reasons. Indirect
distribution is carried out through collectors, retailers, and consumers [10].
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In 2016 Bala et al. [5] developed a dynamic model of the rice supply chain system from farmers to
consumers to address supply chain management scenarios and design policy options for efficient and
sustainable supply chain management in Bangladesh. To ensure the availability of rice for the public, the
impact of changes in productivity from seasonal rice production, lead time, and average demand variability
on supply chain performance is assessed, and different management policies are also analyzed. The stability
of rice supply and price can be achieved if rice supplies are always available and the price of rice is affordable
to consumers, while the optimum profit is achieved for the actors involved in the rice supply chain [9].

The development of supply chain management models in rice production to improve food endurance
and security in the Demak Regency was researched by Kurniawati et.al.[12] in 2020. Collaborative strategy
for rice supply chain was researched by Guritno et.al.[13] using a case study on Demak and Sukoharjo
regency, Central Java, Indonesia in 2021. In the same year, rice supply management was also researched by
Fristin et.al.[14] to ensure self-sufficiency and food security. Furthermore, Wuryantoro et.al.[15] analyzed
the supply chain and added value of rice in West Lombok Regency. In 2022, Prasetyo et. al.[16] will review
the model and implementation of rice supply chain management. Based on the studies mentioned, this
research was conducted.

2.2 Research Methodology

The rice supply chain model was obtained from the BPS [7], which was then simplified, developed,
then analyzed. The steps taken in this study are studying previous research on the rice commodity supply
chain model; determining the model assumptions to be developed; constructing a supply chain profit model
by determining the demand function, total revenue, and total costs for each actor; proving that the model has
the optimal solution for the centralized system; determining the optimal solution for the centralized system;
finding suitable parameters for numerical simulations; finally, analyze the sensitivity of parameters to the
advantages of the centralized system.

3. RESULTS AND DISCUSSION

Writing the results and discussion can be separated into different subs or can also be combined into
one sub. The summary of results can be presented in the form of graphs and figures. The results and discussion
sections must be free from multiple interpretations. The discussion must answer research problems, support
and defend answers with results, compare with relevant research results, state the study’s limitations, and find
novelty.

3.1. The Model Framework

The structure of a simplified rice supply chain in Indonesia is presented in Figure 1.

Export Importer
Pp3 P; | ﬁ_Pfi__] o Pei
' | v | v
Py,
P st L - L
Producer [——-—-— P Distributor — — — —» Retailer — — — ¥ Consumer
Pd Pe
A
Pp1

——» Direct Media
— — p» Indirect Media for Local Rice
— — » Indirect Media for Imported Rice

Figure 1. Structure of a simplified rice supply chain in Indonesia

Based on Figure 1, the supply chain model for rice commodities in Indonesia is presented below, involving
producers, distributors, and retailers. It is assumed that all actors in the supply chain sell standard rice.
Producers sell domestic rice through direct and indirect media and sell rice abroad through export activities.
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Distributors and retailers receive rice supplies from producers and imported rice. The decision to determine
the optimum price uses a centralized system. The notation used in the model is presented in Table 1.

Table 1. Notations and Descriptions used in the model

Notation Description

Parameter
a basic demand for domestic market
b basic demand for foreign market
0 demand proportion of demand in direct and indirect media
y) proportion of demand to retail traders
By price elasticity of rice in domestic direct media
Bo price elasticity rice in foreign direct media
Bs price elasticity of imported rice in indirect media
Bs price elasticity of local rice in indirect media
Bs price elasticity of rice from importer in indirect media
L, producer leads time to export
Ly distributor lead time due to import activity

Pp1 sensitivity lead time for producer on direct media
Pp2 sensitivity of producer lead time for export

De sensitivity of lead time for local rice retailer to indirect media

Dei sensitivity of lead time for imported-rice retailer to indirect media
o cross price sensitivity of producer to direct media

Cy cross price sensitivity of local rice retailer to indirect media

Cs cross-price sensitivity of imported rice retailer to indirect media
¢y rice production costs by producer

Py selling price of rice from producer in indirect media

P, imported rice price from importers

P, selling price local rice from the distributor

Py the selling price of rice imported from the distributor
a elasticity of Rupiah exchange rate against USD (export)
a, elasticity of Rupiah exchange rate against USD (import)

K Rupiah exchange rate against Dollar

Decisions Variables
Py selling price of rice from the producer to domestic direct media
Py selling price of rice from producers in foreign direct media
P, selling price of local rice from retailer
Py; selling price of imported rice from retailer

The following assumptions are used in the study
1. The amount of available rice produced is equal to the amount of consumer demand, so there is no

shortage of rice.

There is only one producer, one distributor and one retailer.

3. The rice production costs by producer are equal to Rp5.200,00/kg based on the average Indonesia
rice production costs.

4. Price of rice Py, Pp,, dan Py3 always greater than rice productions costs c,,.

5. The values of P, < Py < P, and P; < Py; < Py;.

N
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6. The values of max{c,, ¢, c3} < min{By, B2, B3, P4 }-
7. All parameter values are positive.

3.2.  Demand Function

The number of initial units of demand made by producers of direct media for the country is 6a. The
initial unit of demand for producers for domestic consumers decreases as the selling price of rice changes
according to the elasticity parameter of the selling price in domestic direct media, namely 3, Py, . Furthermore,
changes in domestic consumer preferences in buying rice from producers through the media are directly
influenced by the price of rice from retail traders, so that the unit demand for producer increases in line with
the price sensitivity parameters of local rice and imported rice, respectively c,P, and c;P,;. The longer the
consumers get imported rice because there is a lead time that is done by the distributor in the indirect media,
which results in an increase in producer demand along with the sensitivity of the waiting time, namely p,,1Lg.
Thus, the function of producer demand for domestic direct media is

Dig = 0a — ByPyy + 2P, + C3Pei + pp1La. (1)

Producers also sell rice to overseas consumers through export activities. Initial demand unit from
producers for export activities is b. The unit of demand will decrease along with the increase in the selling
price of rice, which changes according to the parameter of the selling price elasticity in direct media for
foreign consumers, namely j3, P,3. The existence of lead time for service and delivery of producer for export
activities also reduces the unit demand and p,,L,. The existence of the rupiah against the US dollar affects
the reduction of demand for units of @, K. Thus, the demand function for direct media producers for foreign
consumers is

Dy = b —B2Pp3 — pp2lp — 4 K. (2)
The demand function for direct media is the sum of Equation (1) and Equation (2), namely:
DL = 0a + b— IBIPpl — )BZPp3 + CZPe + C3Pei + pplLd — pszp — (XlK. (3)

The initial unit of demand on the indirect medium is (1 — 6)a. In indirect media, the initial proportion
for local rice is A. The unit of initial demand for local rice in the media indirectly decreases in line with the
increase in the selling price of rice which changes according to the parameter of selling price elasticity at
retail traders for local rice by B,P,. The existence of consumer preference in buying local rice at retailers
results in additional demand units due to rising producer prices and imported rice prices by ¢, P,; and c3P,;
and c3P,;. In addition, there is a lead time for delivery due to import activities that have an effect on the
addition of local rice demand units of p,L,. Thus, the demand function on the indirect media for local rice is

Dyo = A(1 —0)a — B4R, + Clppl + 3P + pely- (4)

The proportion of units of initial demand for imported rice is 1 — a. The unit of demand will decrease
in line with the increase in the selling price of rice which changes according to the elasticity parameter of the
selling price of rice from importers and the selling price of imported rice for domestic consumers, which are
respectively S5 P; and f3P,; . In addition, the unit of demand will also increase. Demand for imported rice
will increase by c; Pp1and ¢, P, in line with rising producer prices and local rice prices. The existence of lead
time due to export activities will also reduce the demand for imported rice in the indirect media by p;Lg. -
The rupiah exchange rate against the US dollar also has an effect on reducing the demand unit by a, K. For
that, the function of imported rice demand in indirect media is

Dyi = (A=D1 —0)a— B3Pe; — BsP; + c1Ppy + 2P — peilq — azK. (5)
Thus, the function of the media indirect demand is sum of Equation (4) and Equation (5):
Drp =a—0a— BaPg — B3Pe; — BsP; + 2¢1 Py + 2P + 3P + pelq — peila — a2K.  (6)

The total demand function for the rice supply chain is sum of Equation (3) and Equation (6) as follows:



1144 Usdianto, et. al. MATHEMATICAL MODEL OF RICE COMMODITY SUPPLY CHAIN IN...

Dr=a + b—Py11 — Pp3fy — Peiffs — Pefs — Pifis + 2¢5P, + 2¢3P,; + 2¢1 Py

7
¥ Lape = Lapei + Lapps — Lpppz — Koy — Kay. 0

3.3.  Profit Function

Producers sell rice through direct and indirect media so the producer profit function is obtained from
the sum of profits in the direct and indirect media. The costs incurred by producers are the production costs
of ¢, multiplied by consumer demand for direct and indirect media for local rice. Revenues earned distributors
are derived from the sale of imported rice at a price P;; multiplied by the number of requests for imported
rice media indirect and sale of local rice at a price P; multiplied by request of indirect-media local rice.
Distributor incur costs by purchasing rice from producer at a price of P,,. Apart from that, distributor also
pay a fee of P; to obtain imported rice. Then, retailers earn income from selling imported rice at a price of P,;
which is multiplied by the demand for imported rice in indirect media. In addition, retail traders also earn
income by selling local rice at the price of P,which is multiplied by the local demand for rice in direct media.
Retail traders will pay the same amount as the purchase of rice from the distributor. So that, the optimal profit
function is obtained

[, = PplDld + PpBDll + (sz - Cp)Dtlo - CpDL (8)
[lp = (Pgi — P))Dyi + (Pq — Pp2) Do (9)
Iz = (Pe; — Pai)Deii + (Pe — Py) Dy (10)

3.4.  Supply Chain Centralized

The centralized model in the rice supply chain is a profit function model without the constraints
obtained by adding up the profits of producer, distributor, and retailer with price decision variables
Py1, Pp3, Pei and F,. In this model, suppose Py, = 11Py1, Py = 12Pe, dan Py; = n3P;. So, the profit function
of the centralized model is sum of Equation (8), Equation (9), and Equation (10) written as

HC(Pp1'Pp3:Pei ’ Pe) = PplDld + Pp3Dll + (Pe - Cp)Dtlo + (Pei - Pi)Dtli - CpDL- (11)

From the profit function (Il¢) of the system, a Hessian matrix can be constructed to prove that the
system profit function is a straightly concave or has a single maximum solution.

=261 0 ci4+c, ¢qtcy
0 -2p, 0 0

C1 + Cy 0 —2B4 Cy + C3
ci1tec3 0 cy+c3 —2B;

H(Ilc) = (12)

The principal minor determinants of the Hessian matrix in Equation (12) are

|Hi1| = =24

|Hzz| = 4B15>

[H3s| = =25 (—(c1 + c2)* + 4B1B4)

|Hygl = —232((02 + )X + (c1 + 3)Y — 2B3(—(c1 + ¢2)* + 431[34))

With X = (c; + c3)(cq +¢3) + 2(c; + c3)B and Y = (¢1 + ¢3)(cz + ¢3) + 2(c1 + ¢3) B

Based on the 6" and 7" assumption is obtained |H;;| < 0, |H,, | > 0, |H33| < 0, and |Hyy| > 0. So, it
can be concluded that I1, (Ppl, Py3, P, Pe) is straightly concave function. It’s proof that the system profit
function is a straightly concave so that it is guaranteed that the function has a single maximum solution. The
model  solution is obtained by solving the partial derivative of the  profit
function I (Py1, Pps3, Pei, P.) equal zero, the optimum solution is obtained
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Py = % (aBcs — alcs + ablcs + c5cpPy — 2ac3 By + 2a0c3fy + 2adcsfy — 2a0Ac3 Py + 3¢5, Py
+ 2Kcza, 4 — 4a0B3P4 — 2¢3Pi B34 — 4CpB1B3Pa + 2¢3PiBafs — c5Lape + 2¢3LaPapei
+c1(c3(cp — P) +c3(a(=1+0) + Kay + 3cpBs + Pi(—B3 + Bs) + La(—pe + pei))
+c2(a(=1+6) + c3(cp — P) + Kay + ¢p(2B3 — Ba) + Pi(Bz + Bs) + La(—pe + pei))
+2(B3(a(=1+ 0)A+ (cp + P)Bs — Lape) + Pa(—a(-1
+0)(—1+ ) + Kay + Pifs + Lapei))) + La(cF — 4B3fa)ppr + cz(a(-1—0(=2+ 1) + 1) + c3(3¢p
+ P) + Kay + ¢y(By + 2P3) + Pi(B3 + Bs) + La(pei + pp1)) + Cz(C32(3Cp + P)
+ 2B3(a(—1+ 0)A — cpfs — Lape) + c3(a(—1+30) + Kay + ¢, (261 — Ba) + Pi(—PB3
+ .85) + Ld(_pe + Pei t prl))))
., _b—Kay+cpBs—Lppp2
P 2B,
P = %(_(—(—(01 + ) (cr +¢3) — 2(cz + ¢3)B1) (2P (a(—1+ 0)A + co(cp + Py) — cpfa — Lape)
+ (c1+ c2)(—ab + c1(cp + Pi) — cpP1 — Lapp1)) + (—(c1 + c2)* + 4B1B4) (2B1 (—a(—1
+0)(—1+ 1) + 2¢c3¢p + Kag + Pi(—P3 + Ps) + Lapei) + (¢4 + ¢c3)(—ab + c1(cp + P;)
- Cpﬂl - Ldppl))))

Py = %_(61 n 62;2 YN (2B1(ar —abA — cy(cp + Py) + cpfa + Lape) + (¢1 + ¢c2)(ab — c1(¢cp
+ P) + cpfi + Lappr) + ((—(c1 + ¢2) (e + ¢3) — 2(cz + ¢c3)B1) (—(—(c1 + ¢2)(¢1 + ¢3)
—2(cz + ¢3)P1)(2P1(a(—=1+ O)A + ca(cp + P;) — cpPs — Lape) + (¢1 + c2)(—ab
+ ci(cp + Pi) — cpfr — Lapp1)) + (—(c + €2)? + 4B1Bs) (2B (—a(=1+ 6)(—1+ 1)
+ 2c3¢, + Kay + Pi(—f3 + Bs) + Lapei) + (¢1 + c3)(—ab + ¢1(cp + P;) — cpP
— Lapp1))))
with

A =ciBy + cac3(cs + 2B1) + 5 (c3 + By + Bs) + (¢5 — 4B1B3)Ba + cf(cz + c3 + B3 + Bu) + c1(cF
+ 2¢5(c3 + B3) + c3(c3 + 2B4)))

and

B = (—((C1 + c3)(c1 +c3) +2(c, + C3)ﬁ1)2 + (=(c1 + c3)? +4B1B3) (—(cq + €)% + 41 s

3.5.  Numerical Experiment

The solution obtained is then carried out with a numerical simulation approach with a centralized system.
The parameter values used in this study are described in Table 2.

Table 2. Parameter Values

Parameter Value Parameter Value
a 30.000 kg ¢ 0.05 kg/Rp
b 4.000 kg Cy 0.08 kg/Rp
6 0.1 C3 0.07 kg/Rp
A 0.53 K 14.000,00
a, 0.01 kg/Rp Pp1 80 kg / day
a, 0.02 kg/Rp Pp2 200 kg / day
B 0.49 kg /Rp Pe 120 kg / day
B 0.12 kg /Rp Dei 200 kg / day
Bs 1.2 kg /Rp Cp Rp5.200,00 / kg
Ba 1.6 kg /Rp P; Rp6.200,00 / kg

Bs 0.2 kg /Rp m 0.96
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Parameter Value Parameter Value
Ly 14 days 2 0.99
Lg 14 days B 1.14

Based on the numerical simulations, the optimum solutions of the rice commodity supply chain model are
obtained as follows

Table 3. Parameter Values
o1 Py, Pps Py Py; F; Pg;
Rp8,161.62 Rp7,892.84  Rp7,016.67  Rp7,900.72  Rp7,111.77  Rp7,980.52  Rp7,191.03

I¢ I, (Rp) Iz (Rp) Iz (Rp)
16,406,500.00 15,263,900.00 750,390.00 392,202.00

The sensitivity analysis in this study uses the effect of changing proportions on direct and indirect (0)
media. The parameter value & = (0.0.1] is taken because when 6 > 0.1 causes the price of Py, > P; > P,
so that it does not meet the 5th assumption. The effect of changes in parameter value 6 at the interval (0.0.1]
on the profits of each supply chain actor is presented in Figure 2.

II; Iy
A3 19 107 . —_
REETE Y * rrasE 10
5 ! » ] i
A f ] BT A 1
43 0H F 1] o] 1
&
1EK. 104 1Ly 1 (I Ll : : 1T 104 1 1EEs ll:|
(a)
m, n, (b)
24342 1
1841 19 107
11944 i
ot i [ ]
[ L]
. = ! + 1
R #1410 * .
T N
-] ]
i i £ 14 18 (i al i (1) (Wit 1 ik (i I
(c) (d)

Figure 2. The Curve of 8 Change to (a) Producer, (b) Distributor, (c) Retailer, and (d) System Profits

4. CONCLUSIONS

This research examines the rice supply chain in Indonesia obtained from BPS, which is then simplified
by involving the main actors of producers, distributors, and retailers. Producers sell rice to domestic
consumers through direct and indirect media and sell rice abroad through export activities. Distributors and
retailers receive rice supplies from producers and imported rice. The mathematical model is constructed to
obtain the maximum total profits by using a centralized system. Based on the numerical simulation results,
changes in the parameters of proportions on the direct and indirect media greatly affect the optimal benefits
obtained.
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