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Abstract

Patchouli oil industry is one of the sectors that should be developed in Indonesia
because Indonesia supplies around 90% patchouli oil in the world. This study aims
to identify the data required for making agroindustry development decisions using
system dynamic. This research was designing the stock flow diagrams (SFD) of patch-
ouli oil from the plantation to the exporter. There are four types of SFD patchouli oil
agroindustry, namely, plantation section, farmer section, collector section, and
exporter section. The results of the study can identify the data needed as input for
the dynamic system model. Input data must be determined first to run the model.
Input data for each stage of SFD must be available if the government wants to do

the development of patchouli oil agroindustry using a dynamic system model.
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1 | INTRODUCTION

Patchouli oil industry is one of the sectors that should be developed in
Indonesia because it has many advantages (Junaedi & Hidayat, 2010).
Regarding raw materials, it is quite available because the geographical
of Indonesia is suitable for patchouli plants. Regarding processing
technology that is relatively simple, processing can be done tradition-
ally using drums heated with wood fuel. Patchouli oil industry absorbs
a lot of labor. It has a clear market and also high demand.

Indonesia supplies around 90% patchouli oil in the world or 1,600
tons per year (Directorate General of Plantations, 2016). But patchouli
oil agroindustry in Indonesia is not well developed. Indonesia's patch-
ouli production in recent years has tended to be unstable and declin-
ing (Central Statistics Agency, 2015). On the basis of potential and
current conditions of patchouli oil agroindustry, the role of the gov-
ernment needs to develop patchouli oil agroindustry. The government
needs to take many considerations for making decisions on the devel-
opment of patchouli oil agroindustry. In the case of patchouli oil
agroindustry, there is a tendency for a situation that often changes

every time, for example, uncertain price changes that affect the
amount of patchouli oil produced. Price is not the only one that cause
the decline of production number; there are other factors.

An approachment is desired to help the government making the
right decisions in the development of agroindustry. Decision support
system (DSS) is used to decision complex system. DSS provides prob-
lem solving and communicate problems with semistructured and
unstructured conditions. Suroso and Ramadhan (2011) used the con-
cept of DSS to decide on investments in the agribusiness sector.
Yuliana (2013) used a DSS to increase sustainable productivity on fish-
eries agro supply chain management industries. Hadiguna (2012) also
introduced the use of DSS in a sustainable supply chain to determine
risk assessment of several risk indicators.

This research is made as a framework for government decisions in
the development of patchouli oil industry. System dynamics is a sys-
tematic approach that is used in generating predictions of the state
in the future, understanding system behavior, and the possibility of
users in determining input in the form of simulation scenarios (Lyneis,

2000). The system dynamics approach can accommodate complexity
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and nonlinearity in both the social network and the physical system
(Forrester, 1994). According to Sterman (2000), system dynamics
approach requires formal models and simulation to test and improve
new policies. According to Suryani (2005), system dynamic simulation
is a continuous simulation developed by Jay Forrester (MIT) in the
1960s, focusing on the structure and behavior of the system
consisting of variables and feedback loops.

Systems dynamic is used widely in various fields of research such
as supply chain modeling, system behavior patterns, policy optimiza-
tion, decision making, and strategy development. Li, Ren, and Wang
(2016); Azadeh and Arani (2016); Teimoury, Nedaei, Ansari, and
Sabbaghi (2013); Golroudbary and Zahraee (2015); and Demczuk and
Padula (2017) used system dynamic approach in modeling supply
chains. Sundarakani, Sikdar, and Balasubramanian (2014) and Tian,
Govindan, and Zhu (2014) make policy models to expand the applica-
tion of green supply chain management. System dynamic can deter-
mine the estimated amount of production in uncertain demand
conditions at manufacturing system (Poor & Amiri, 2016). Jeong and
Adamowski (2016) modeled the use of clean water in a socio-
hydrological model; the aim was to see patterns of water use. The
same thing was done by Feng et al. (2016) in Hehuang Region of
China, but the object of this research was not only water but also
involving electricity. Shin, Kwag, Park, and Kim (2017) used the
dynamic system to see the effect of the spread of the MERS-CoV out-
break in South Korea.

Ha Tuan, Bosch, Nguyen, and Trinh (2017) compared the income
strategies of lowland and highland Vietnamese women farmers using
system dynamically. The system dynamics approach can also be used
to look at changes in land use and soil testing (Rasmussen, Rasmussen,
Reenberg, & Proud, 2012), (Matinzadeh, Koupai, Sadeghi-Lari, Nozari, &
Shayannejad, 2017; Inam et al., 2017). The purpose of system dynamics
in determining agroindustry development strategies can be seen in the
research conducted by Ferreira, Batalha, and Domingos (2016) making
an integrated planning model for the citrus business, Walters et al.
(2016) developing an agricultural production system in the United
States. Ozcan-Deniz and Zhu (2016) use system dynamic in determin-
ing policies in construction manipulators with sustainability consider-
ations and also with Barisa, Romagnoli, Blumberga, and Blumberga
(2015) using system dynamic in determining consumption patterns
and biodiesel policy design in Latvia; Kulakowski et al. (2017) determine
conservation and management European mountain forest ecosystem.
In the electron field, dynamic systems are also used, namely, to see
the effect of the application of radio frequency identification applica-
tion technology on retail (De Marco, Cagliano, Nervo, & Rafele, 2012).

This study aims to identify data required as input in making
agroindustry development decisions using system dynamics. The tools
used are dynamic system models to evaluate current policies and simu-
late future conditions so that the government can learn the most effec-
tive and efficient strategies. This research was done by designing stock
flow diagrams (SFD) of patchouli oil from the plantation to the exporter.
It can show changes in patchouli oil inventory in every agroindustry
actor. Changing in stock flow is determined by existing inputs and out-

puts, where several factors that cause causation effects influence it.

2 | LITERATURE REVIEW

Various previous studies carried out using systems dynamic approach
in agriculture can be seen in Table 1. Previous research that has done
is categorized based on the results of dynamic system simulation after
the run. There are seven categories based on the output aspects,
namely, the number of production, demand, social, environmental,

technological, and others.

3 | METHODOLOGY

The stages carried out in this research are:

1. Survey and interview to patchouli oil agroindustry actors in West
Pasaman regarding problems faced, production processes, and
business processes;

2. Literature studies conducted include development of patchouli oil
agroindustry and system dynamic;

3. Determine the factors that influence the production process and
the patchouli oil business chain in from the level of farmers, inter-
mediary traders, collectors, and exporters;

4. Determine the mathematical relationship between related factors;
5. Making SFD;

6. Determine input and output of system dynamic. Output will help

the government in evaluating and setting policies in the future.

SFD was presented in more detail than the causal loop diagram
because it contained programming equations and logic that accumu-
lated changes in variable values dynamically over time. SFD in this
study divided into four subsystems, namely, patchouli oil agroindustry
plantation section, patchouli oil agroindustry farmer section, patchouli
oil agroindustry collector section, and patchouli oil agroindustry
exporter section.

Data collected through:

1. Interviewing five farmers, three intermediate traders, two collec-
tors, and one exporter. Farmers are in two villages in West
Pasaman Regency; intermediaries and collectors at Simpang

Empat, West Pasaman Regency; and exporters in Padang;

2. ldentifying at Indonesia National Statistics Centre and Indonesia
Directorate General of Plantations.

4 | RESULT

SFD is one way to present the system structure with more detailed
information. Stocks (levels) are significant variables to produce behav-
ior in a system. Floes (rates) reflects the rate of change that causes
changes in the value of stocks. SFD function connect conceptual
models with mathematical equation models in relationships between
variables (Marques, 2010).
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TABLE 1 Use of systems dynamic in agriculture

Researcher

Chapman and Darby
(2016)

Pasha (2017)

Teimoury et al. (2013)

Ferreira et al. (2016)

Mahbubi (2015)

Arimurti and Suryani
(2014)

Hidayat, Suryani, and
Hendra (2016)

Jeong and Adamowski
(2016)

Ribeiro et al. (2014)

Rahmayanti et al. (2017)

Herry et al. (2011)

Aminudin, Mahbubi, and
Puspita (2014)

Ghiffari, M.A., Purnomo,
B.H., Novijanto, N.
(2016)

Wardono and Utomo
(2013)

Topic

Determine the influence of new
strategies applied to profits, yields,
social societies, and technology in the
rice industry in Vietnam

Development of a palm oil supply chain
model to increase productivity using a
dynamic system

Development a multi-objective model to
make import policies for decomposing
vegetables and fruits

Designing a model of system dynamics
to assess whether integrated
mechanisms of agricultural and
industrial production planning can
improve the competitive performance
of citrus agris systems in Brazil

Analysis of the behavior of dynamic
supply industrial chain systems sugar
on Madura Island for the next few
years based on aspects economic,
social, and environmental

Solving the problem of the availability of
rice and sugar and provide scenarios
in increasing the fulfillment of the
availability of rice and sugar and
increasing the effectiveness and
efficiency of supply chain
management

Improving effectiveness and efficiency
logistics in the food supply chain

Development and verify socio-
hydrological models using system
dynamics

Determinating the influence of policy
changes on agricultural business in
southern Portugal

Analyzing the potential of oil patchouli
in West Pasaman

Prediction the value of sustainable
indicators of rice teri in the Tuban
area

Identifying basic supply chain systems
and problems in potato agribusiness
and knowing the system, formulation
of potato supply chain models for
achievement in national food security

Designing system dynamic models for
performance appraisal to get the best
policy scenario at PT.GMIT Jembe

Designing policy model for developing
catfish culture to support aquaculture
production through a dynamic model
approach

Result
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Profit Production Demand Social

X X X
X
X X
X X
X X
X
X X
X X
X
X X
X X
X X

Environment Technology Others

X

Price

Price

Logistic
cost

X Policies

agricultural
intensity
index

Price
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4.1 | Patchouli oil agroindustry plantation section

Patchouli oil comes from the extraction of dried both patchouli leaves
and stems. The amount of patchouli production strongly influenced by
the available planting area. In the current conditions, there are three
possible patchouli plants, which are productive patchouli plants ready
to be harvested, productive patchouli plants that are not prepared to
collect, and aging nonproductive patchouli plants. Productive
patchouli plants that are ready to be harvested are usually 8-month-
old patchouli plants. Non-positive plants are plants that cannot be
harvested, the length of harvest depends on the age of the plant at
this time. Whereas for plants that have not produced, replanting is
done. The number of patchouli plants for each condition at any time
tends to change—changes that occur in each situation influenced by
several factors including the amount of patchouli oil demand, the stor-
age time of patchouli oil, the number of patchouli planting areas, the
attack of plant pests, the number of available agricultural regions,
and so forth.

Planting new patchouli plants is determined by the amount of
patchouli oil demand and the number of planting areas available. The
new patchouli plant meant planting patchouli over a new planting area
that had never planted with patchouli. The newly planted patchouli
plants will not succeed 100%,; there is some percent that experience
crop failure. Crop failure usually occurs due to pest attacks. Regularly,
plants attacked by pests will be maintained; if it is not possible,
replanting will be carried out. The same thing happened; the plants
that planted again would also not be successful 100%. There is a per-
centage of failures caused by pest attacks.

The number of productive patchouli plants that have not harvested
obtains from the planting of new patchouli plants that have been
released from pests and replanting patchouli plants that have been
free from pests. Replanting is replanting aging plants or replanting
new plants that have been affected by pests. Patchouli plants har-
vested in the form of wet patchouli takes several days to dry.
Figure 1 shows the SFD agroindustry on the plantation. There is a
cycle starting from opening new planting areas, planting, then main-

taining patchouli plants, waiting for harvest, replanting, and so on.

i j aydilable area

| |

mature

immature
maturation nejv planting

area plantation
productivity

wet po production

po demad time to adjust po

stock

FIGURE 1 Stock flow diagrams plantation section

The mathematical relationship between variables, parameters, and
levels can be stated as follows:

Immature (t) = j:o [new planting(s) + replanting(s) — maturation(s)]|ds
+ immature(t0)

(1)
mature(t) = j:o [maturation(s) - aging(s)]ds + mature(t0), 2)

damage(t) = ﬁo (aging(s) + failed new planting(s) - replanting(s)|ds
+ damage(t0),

(3)

desired po stock
plantation productivity;’
po demand;
time to adjust po stock’
new planting; = if available area; > desired planted area;,

desired planted area; =

desired po stock; =

desired planted area; else available areat,

. . lanti t
failed new planting; = new planting:xpest

(1 - pest)

. immature;
maturationf = —————
maturation period

aging, — mature;

ging: = aging period’

. damage

replanting, = L

replanting period’

4.2 | Patchouli oil agroindustry farmers section

Wet patchouli leaves and stems are dried with the help of sunlight.
Usually, the drying process lasts 2 days if the weather is good or
1 week if not drying it can reach 1 week. Some farmers do drying with
the help of simple tools. A simple tool designed in the form of a pallet
placed above waiting for distillation so that the heat from the furnace
can accelerate the drying process. But unfortunately, this cannot be
done for large amounts of drying due to limited space. The remaining
dry patchouli weight is usually only 30% of the wet patchouli; then,
the distillation process is carried out. Before the patchouli is distilled,
the leaves and patchouli stems are cut into smaller parts. The refining
process lasts 5-7 hr; this process determines the quality of patchouli
oil. The method of distillation in a hurry using high fire will reduce
the quality and quantity of patchouli oil produced—patchouli oil only
as much as about 2% of the amount of dried patchouli.

The refining rate and the rate of sales influence the amount of
patchouli oil stock at the farm level. The sales rate is affected by the
amount of patchouli oil supplied by farmers. The difference in the
amount of demand for patchouli oil and the amount of patchouli oil
stock in the farm that causes the need for patchouli oil is not always
full optimally. There is a minimization function to determine the opti-
mal selling rate at the farmer level. There are parameters of patchouli
oil storage time that must be considered to determine the sale rate.
Selling of patchouli oil is carried out on the collector or intermediary

trader; from interviews with farmers in West Pasaman, 70% patchouli
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oil is sold to collectors, the rest through intermediary traders. Figure 2
is an SFD of the process of processing and sale patchouli oil at the
level of farmers.

The mathematical relationship between variables, parameters, and

levels for each causal factor can be seen as follows.

t

farmer po inventory (t) = f [rate po yield(s) - po shipment trader(s)
to

- po shipment collector(s)]
ds + farmer po inventory(t0O),

dry po production; = wet po production; xreduction,
rate po yield; = dry po production; x%rendemen,
farmer po inventory;

max po supplaying; = rate po yield, —
po supplaying, poyield, + =g time
po shipment trader;

= minimum{ po demand trader; max po supplying; x W}

po demand;
po shipment collector;

po demand collectorst}

= m:mmum{ po demand collector; maxpo supplying; x 1o demand,

43 |
section

Patchouli oil agroindustry subsystem collector

The stock dynamics of patchouli oil at the collecting level influenced

by the rate of purchase and the percentage of the sale of patchouli

Q wet po production

reduction

po demand trader

saving time

FIGURE 2 Stock flow diagrams farmer section

po shipment
collector

O

po shipment trader

FIGURE 3 Sstock flow diagrams collector
section
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oil. Collectors buy patchouli oil directly to farmers and through inter-
mediaries—the rate of sales determined by the minimum between
demand and the maximum sales that can be done by the collector.
The storage time of patchouli oil also affects the maximum sales that
can be done by farmers in contrast to the total demand for patchouli
oil at the farm level, the level of demand for patchouli oil in traders
derived from the total demand of exporters, although the overall mar-
ket for patchouli oil at the farmer level consists of total overseas and
domestic demand. Figure 3 shows the SFD of the purchase and sale
of patchouli oil at the collecting level.

The mathematical relationship between variables, parameters, and

levels for each causal factor can be seen as follows.

collector po inventory (t) = ﬁo [po production collector(s)
- po shipment at collector(s)]
ds + collector po inventory(t0), (5)

po production on collector; = po shipment trader,
+ po shipment collector;, po shipment at collector;
= minimum{total po demand exp; maxpo collecting supplying; xl}‘

44 |
section

Patchouli oil agroindustry subsystem exporter

The rate of sale of patchouli oil at any time and the amount of patch-
ouli oil at the exporter level determine the amount of patchouli oil
demand to the collector. Exporters will only buy patchouli oil from col-
lectors, farmers, or intermediary traders who cannot sell directly to
exporters because minimum purchase limit of exporters is 30 kg; at
the level of farmers or intermediaries, it is quite challenging to collect
patchouli oil up to that amount. Exporters have a maximum inventory
amount; orders will be made taking into account the maximum inven-
tory, storage time, and the number of shipments. Figure 4 shows the
SFD at the exporter level.

The mathematical relationship between variables, parameters, and

levels for each causal factor can be seen as follows:

t
exporter po inventory (t) = LO [total po demand exp(s) - shipment(s)|ds
-+ exporter po inventory(t0),

(6)

total po demad exp

po collector

po shipment at
collector

saving timee
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Xxporter po inventory O

total po demad exp shipment

po shipment at
collector

FIGURE 4 Stock flow diagrams exporter section

desired inventory; = shipment; xdesire inventory coverage,
(exporter po inventory, — desired inventory;)
inventory adijst
farmer po inventory;
saving time
order; = inventory adjustment; + average shipment,;.

)

inventory adjustment, =

maxpo supplaying; = rate po yield; +

5 | DISCUSSION AND CONCLUSION

5.1 | Discussion

Tedeschi (2011) stated that system dynamics (SD) is a computer-aided
modeling methodology that can be used to perform policy analysis and
DSS applied to dynamic problems arising in complex social, manage-
rial, economic, or ecological dynamic systems characterized by inter-
dependence, mutual interaction, information feedback, and circular
causality. Decision support systems can use the analytic hierarchy
approach as done by Ghodsypour and Brien (1998) in choosing the
supplier and also Fuzzy (Liang, Wu, & Wu, 2002). The design of SFD
as part of a dynamic system simulation gives an overview of inputs
and outputs needed to determine the policy of patchouli oil
agroindustry development. The systems dynamic model made for
patchouli oil agroindustry can show the dynamics of each factor. This
model illustrates the current patchouli agroindustry system so that it
can be used to test policies to be taken by the government as policy
makers.

Systems dynamic characteristics can be seen from the SFD that
has made for four patchouli oil agroindustry conditions. According to
Sterman (2000), the attributes of a systems dynamic are a complex
system, changes in system behavior over time, feedback systems. A
complex system in patchouli oil agroindustry subsystem is seen in
determining levels for each condition. Patchouli oil stock in each actor
influenced by the variable rate of sales and the rate of purchase. While

the percentage of buying and selling also affected by several variables,

and parameters. Production rate at the farm level influenced by the
quality and number of dried patchouli leaves and the technology used.

Changes in system behavior at any time can see from the differ-
ence in the amount of patchouli oil stock in each actor. The amount
of inventory that is affected by the rate of production and the per-
centage of sales and purchases tends to change over time due to
changes in the variables and parameters that influence them. The
feedback mechanism shipping rate that affects the amount of order
or demand for patchouli oil, whereas demand affects purchase
exporters and purchase collectors. Furthermore, the percentage of
the purchase will change the amount of stock in the exporter. The
amount of inventory will affect the amount of patchouli oil shipments,
and so on.

SFD designed are a significant part of a systems dynamic model.
Patchouli oil agroindustry model contributes to presenting the frame-
work for aspects of causality, nonlinearity, dynamics, and endogenous
behavior of the system. Furthermore, it can provide experimental
experience for policy makers based on the expression of the
supporting factors of the system. Moreover, it makes it easy to create
simulation scenarios as desired. Furthermore, the SFD patchouli oil
industry can be a source of information from written to numerical so
that the resulting simulation model more complete and representative.
SFD can produce a model structure from managerial inputs and simu-
late it through quantitative computational procedures in the next
stage. Furthermore, the SFD patchouli oil industry can be a source
of information from written to numerical so that the resulting simula-
tion model more complete and representative. SFD can produce a
model structure from managerial inputs and simulate it through quan-
titative computational procedures in the next stage.

This study successfully identify the inputs required to develop
patchouli oil agroindustry using dynamic systems. The input model
of patchouli oil agroindustry development is divided into four
groups, namely, plantation section, farmer section, collector section,
and exporter section. The data needed for the Plantation Section
are as follows:

1. Patchouli demand in West Pasaman;

2. Plantation productivity, the amount of patchouli oil produced in

one-hectare area;
3. The number of forest areas available for planting;

4. Nonproductive areas, patchouli planting area has not vyet

produced;

5. Productive areas, patchouli planting area produces;

6. Patchouli harvest time, the time between patchouli planting to
cropping;

7. The productive age of patchouli plants;

8. Percentage of crop failure due to pest attacks.

The input data are processed using the Equations (1) to (3) to produce
useful information for the government as policy makers. The input
data required for the farmer stage are as follows:
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Percentage of patchouli depreciation;
Percentage vyield;

Patchouli oil demand by the collector;

H w e

The maximum length of patchouli oil stock.

The above data processed with Equation (4) become graph or table.

The essential data input for the collector section are as follows:

1. Maximum patchouli oil stock;

2. Demand for patchouli oil from exporters.

These data will be processed using Equation (5). Information that will
obtain from this subsystem is the amount of patchouli oil shipments
from collectors to exporters. The urgency data input for exporters

are as follows:

1. Maximum order time, maximum length of time to meet delivery

targets;
2. Amount of shipment;
3. Maximum inventory;

4. Maximum patchouli oil stock time.

These data processed with Equation (6) so that it becomes useful infor-
mation for patchouli oil orders from exporters to collectors. The num-
ber of orders from exporters is the primary determinant of the
amount of patchouli oil production in West Pasaman because domestic

demand is still relatively small when compared with the foreign market.

5.2 | Conclusion

Patchouli oil industry is one industry that is quite potential to be
developed in West Pasaman because it has many benefits to the
surrounding community. But now, the number of patchouli oil pro-
duction in West Pasaman is unstable, tends to decrease. The stake-
holder government has a significant role in increasing the amount of
output and productivity of patchouli oil. In this case, a policy is
needed by the government to develop patchouli oil agroindustry.
This research builds a framework that helps the government to make
decisions on conditions that are considered complex. The approach
used is a system dynamic, it is very suitable for complex and high
dynamics situation. This study designed the SFD development of
patchouli oil agroindustry. From the results of the SFD design, it
can conclude that the input needed to obtain the output of the
dynamic system. The output generated from the system dynamics
will be used as a basis for policy making by the government regard-
ing the development of patchouli oil agroindustry.

This study was a success to identify the inputs required to develop
patchouli oil agroindustry using dynamic systems. The input model of
patchouli oil agroindustry development divided into four groups,
namely, plantation section, farmer section, collector section, and

exporter section. The data needed for the plantation section are
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patchouli demand in West Pasaman, plantation productivity, nonpro-
ductive areas, productive areas, patchouli harvest time, the productive
age of patchouli plants, and percentage of crop failure due to pest
attacks. The input data required for the farmer stage are the percent-
age of patchouli depreciation, percentage yield, patchouli oil demand
by the collector, and the maximum length of patchouli oil stock,
whereas the essential data for the collector section are maximum
patchouli oil stock and demand for patchouli oil from exporters. The
urgency data for exporters are maximum order time, amount of ship-
ment, maximum inventory, and maximum patchouli oil stock time.
SFD patchouli oil agroindustry is a significant part of the systems
dynamic of patchouli oil agroindustry. The design of the patchouli oil
agroindustry SFD serves as the presentation of the framework from
various aspects, providing an innovative experience for policy
makers, making it easy to create simulation scenarios as desired.
Furthermore, the SFD patchouli oil industry can be a source of
information from written to numerical so that the resulting simula-
tion model more complete and representative. SFD can produce a
model structure from managerial inputs and simulate it through
quantitative computational procedures in the next stage. Although
the systems dynamic of patchouli oil agroindustry serves as an
evaluation tool for current policies on patchouli oil production, policy
evaluation is done by simulation techniques to predict future condi-

tions through scenarios.
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