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Abstract

Food distribution and the food supply chain are major issues in achieving food security in Indonesia.
Geographical disparities, poor transportation systems, and social differences in Indonesia cause high
complexity challenges in implementing a perfect distribution system that suits Indonesia's characteristics.
The objective of this study is to build an application for a food distribution using a Geographic Information
System (GIS) that can be implemented in Indonesia. The research method is the SDLC (System
Development Life Cycle) approach with a Prototyping Model. The data collected consisted of spatial data
in the form of Indonesian maps with the provinces as the mapping unit, and each province has a capital
city that acts as a center point for food distribution. Attribute data consisted of province’s profiles, food
productivity for each commodity, food supply, food sources and food exports. GIS can visualize all data
layers into maps that are easier to analyze. Indonesia consists of 38 provinces spread across many islands,
and each has its specific geographic profiles and transportation problems. Building a food distribution
application is part of developing a food distribution system that produces a system prototype. The
prototyping approach is used to evaluate the results of the GIS design by analyzing the features of food
distribution in Indonesia. The result of this study is an application that can be implemented into a food
distribution system that can create stable food security in Indonesia for all provinces.

Keywords: Food Distribution; Food Security; Geographic Information System;
Food Distribution GIS Prototype

1. Introduction

Food needs are basic human needs that are very important and must be met by the government and
society together. Law No. 7 of 1996 mandates that the government be the party that organizes the
regulation, development, control, and supervision of food needs, while the community is the party that
collects the production and provision process, trade, distribution, and acts as a consumer. To meet food
needs, a food management system is needed that can protect those who consume and produce food; a good
food management system must be able to meet basic human needs that provide benefits somewhat, evenly
and sustainably based on food sovereignty, food independence and food security. [1]

According to Law No. 18 of 2012 concerning food, the state has the freedom to determine its food
policy independently, which cannot be dictated by any party, and food business actors have the freedom to
decide and carry out their business according to the resources they have. To meet food consumption, 3 main
things must be considered, namely: a). Food availability based on optimal utilization of local resources; b).
Food affordability from physical and economic aspects by the entire community; and c). Utilization of food
or consumption of Food and Nutrition for healthy, active, and productive living. [2]

Realizing food availability based on optimal use of local resources is carried out by diversifying food
and prioritizing domestic food production. Realizing food affordability from physical and economic aspects
is done by managing the stabilization of supplies and prices of staple foods, managing staple food reserves,
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and distributing staple foods. In realizing food availability, based on Law No. 18 of 2012 concerning food,
the government and regional governments must implement government policies in distribution, marketing,
trade, and stabilization of supply and prices of Staple Food and Food Assistance. [3]

Food distribution is necessary to distribute food commaodity products from producers so that they reach
consumers on time and in sufficient quantities and are affordable for people's purchasing power. Based on
Law No. 18 of 2012, food distribution is carried out to ensure equal distribution of food availability
throughout the territory of the Unitary State of the Republic of Indonesia sustainably. Food distribution is
carried out so individuals can obtain sufficient, safe, quality, diverse, nutritious, affordable food. The
government and regional governments are responsible for food distribution by their authority.

The law on food states that food distribution is carried out by developing a food distribution system that
reaches all territories of the Unitary State of the Republic of Indonesia effectively and efficiently.
Management of a Food distribution system that can maintain safety, quality, and nutrition and does not
conflict with the community's religion, beliefs and culture is also carried out to realize the smooth and safe
distribution of Food. Delivering food commodity products from the producer level often has to go through
a chain of food distribution actors to reach the final consumer. In this case, the distribution aspect plays a
very important role in the stability of national food prices.

Food distribution problems often occur due to differences that create gaps between production and
consumption, between demand and supply, and, among other things, geographical gaps, time gaps, and
communication and information gaps. The availability of food distribution data and information that is valid,
updated and easily accessible is one effort to anticipate distribution problems caused by this gap. Data
analysis can be carried out as an anticipatory step and as a material for making price stabilization policies
and food supply policies. However, the availability of valid, updated, accurate, integrated and consistent
data from each region regarding food distribution is still inadequate, so it isn't easy to realize effective and
efficient food distribution to realize equal distribution of food throughout the territory of the Republic of
Indonesia. [4]

Other researchers have used GIS for mapping food distribution. The main aim of this research is to
evaluate the performance of the Integrated Food Distribution Network in Sweden. Location and route
analysis was conducted using data from 11 manufacturers, 149 manufacturers, and one distribution centre.
GIS is used in this research for site analysis [5]. GIS has also been used in Kenya to handle food emergencies.
This study was conducted by Moturi and Benjamin Otieno (2013), who presented a framework for food
emergency response and demonstrated using GIS as a solution for planning and managing food emergencies.
This is especially important in certain countries, such as Kenya, where there is no unified communications
framework to facilitate the management of food emergencies. [6]

Charlianto, Edi Purnomo Putra and Mikha Mangudu (2015) designed a database to support a data
warehouse prototype at the Food Distribution and Reserve Center, Ministry of Agriculture, as an integrated
historical data storage medium originating from several data sources. The data warehouse is used as a
support to help upper-level management make the right decisions in an agency with the help of an interface
in the form of a pivot table and/or a flexible report where you can view reports from various points of view
and drill down. The Warehouse data produced still requires additional tools to analyze gaps arising from
distribution problems. These tools can analyze geographic gaps where food distribution can be studied more
validly and accurately by analyzing the layers in the geographic information system. [7]

Based on the literatures, it can be formulated that the food distribution problem really requires a
geographic information system for food distribution network maps that can collect valid, updated, accurate,
integrated and consistent data. Where the data obtained comes from all distribution activities in each region
which functions to assist the government in making decisions and/or creating new policies.

Developing a geographic information system for food distribution network maps can be optimized
through data collection in stages at the central and regional levels. Apart from that, presenting food
distribution data as a network map is very helpful in analyzing the system more effectively because the
location conditions in Indonesia are very large and have various constraining factors. By studying food
distribution network maps, location information, distance between locations, and geographic conditions can
be more easily identified. To get more complete, valid and integrated analysis results, Geographic
Information Systems (GIS) are the most appropriate solution to the above-mentioned problems.

Generally, this research aims to develop a Geographic Information System (GIS) for food distribution
analysis so that a food distribution database and application can be used to analyze, manage and present data
as a Food Distribution Network Map. So that a food distribution database and application can be used to
analyze, manage and present data as a Food Distribution Network Map.

Specifically, Information that will be processed will include the food commaodities to be analyzed are
taken from the 2015 — 2019 Food Security Agency Strategic Plan: Rice, Red Chilies and Shallots.

This research is significant to carry out to support the achievements of the Higher Education Research
Strategic Plan, especially in the superior fields of information and communication technology.
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2. Methods

Methodology is the method or technique used in preparing the grand design by the activities to be
carried out. Thus, this implementation method is attached to each activity planned in developing a
Geographic Information System for Food Distribution Analysis.

The methodological approach used in developing a Geographic Information System for Food
Distribution Analysis is the SDLC (System Development Life Cycle) approach with a Prototyping Model
as shown in Figure 1. This SDLC consists of planning, analysis, design, implementation, and system testing
using a prototype system.

Planning

Analysis

System

Design
Prototype

-_—
Implementation

Figure 1. SDLC Diagram

2.1 Method of collecting data
The method or method of obtaining data greatly determines the accuracy of the data produced. This is
useful for preventing imbalances between the conditions in the field and the resulting planned products.
Determining how to collect data depends on the data needed.
a. Data Collection.
Based on the data type, data collection activities through surveys are carried out through Institutional
Data Surveys, namely survey activities aimed at obtaining secondary data. This survey activity was
carried out at several agencies/institutions through written data requests.
b. Data Requirements.
Secondary data is collected through policy documents and other written data. The data sources used in
selecting indicators and variables in the development of this Geographic Information System for Food
Distribution Analysis are:
1. Updated Spatial Database (Map) of Indonesia with provinces and their capital cities as distribution
point
2. Attribute database obtained from related agencies such as the Department of Agriculture and the
Central Statistics Agency (BPS): province’s profiles, food productivity for each commodity, food
supply, food sources and food exports
c. Data Processing and Analysis Activities.
Data is a collection of values that reflect the characteristics of objects in a population. Data can be
numbers, letters, sounds or images. From this data, it is hoped that as much information as possible
will be obtained about the population. Thus, knowledge and mastery of analytical methods are required
to extract the information in the data held. Statistics, as a branch of science that provides various
techniques and methods of analysis, has provided multiple methods with different uses. Knowing the
uses of these various techniques is necessary to avoid inappropriate use.

As with other activities, there must be preparation to move on to the next stage. Every analysis method

must begin with a data preparation stage. This data preparation stage is carried out with the aim of:

1. Know the general characteristics of the data you have, for example, what variables you have, the
data types of each variable and so on. This knowledge is needed to determine what methods can be
used later.

2. Filter the data to be used in the analysis. Before carrying out further analysis, we must be able to
filter the existing data. Not all the data may be used, but only some.

3. Correctdata errors. It is not uncommaon for errors in existing data to occur. So, at the data preparation
stage, it must be ensured that errors like this do not happen.
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In each stage of data analysis, it will always be cross-tested with other stages. Cross-testing is intended
to maintain the completeness and consistency of the data. Meanwhile, for data objectivity, triangulation
will be carried out between data sources. All data obtained will be presented as is. Then, categorization
is carried out based on the validation model that has been developed, and reproduction is carried out to
find the ideal approach pattern in program development.

Preparation and data analysis, which include:

1. Data Preparation includes the main steps that must be taken, including preparation of infrastructure
and facilities for data processing, data entry and editing, calculating sampling weight, cleaning data
and creating files, archiving data and working on tabulations.

2. Data Analysis includes understanding data categorization, descriptive and multivariate analysis
approaches and calculations of various statistics.

This discussion formulates matters related to the development of a Web-Based Geographic Information
System for Food Distribution Network Maps, namely existing policies related to food distribution. It is
hoped that the final result will be the Grand Design of a Geographic Information System for Food
Distribution Analysis.

3. Result and Discussion

Stages of Making a GIS-based food distribution application prototype using the SDLC (System
Development Life Cycle) methodology. The main stages of SDLC are planning, analysis, desigh and
implementation, with the following descriptions:

3.1 Planning

The planning stage of making a GIS-based food distribution application is carried out to formulate
short-term and long-term goals of GIS-based food distribution application. In addition, the needs of this
activity are identified so that all stages can run well. The details of the planning stages are as follows:

Formulation of Problems and
Objectives of Developing
Food Distribution GIS

Identification of Food
Distribution GIS
Development Needs

Making Work Schedules and
Plans

Figure 2. Planning Stages

The planning stage begins with formulating the problems of food distribution in Indonesia which are
(i) availability; (ii) access; and (iii) affordability [ ].These problems specified the main objective for this
research. Second stage prescribing the needs for all developing stages, from planning, analyzing, designing
until implementation stages. The planning stage is closed with creating the work schedule and plan for
getting the precise result.
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After formulating the problem, identifying needs and making a schedule and work plan, the next stage
is Analysis. At this stage, what

Analysis of the Current
Food Distribution System
at the Indonesian
Ministry of Agriculture:
Food Security Sector

Business analysis of food
distribution processes
throughout Indonesia

Creating Analysis
Documentation

Data analysis

Figure 3. Analysis Stages

Identification of spatial
and non-spatial data
needs (attributes)

Data Collection (Survey
and Data Exploration)

The method of obtaining data greatly determines its accuracy. This is useful for preventing imbalances
between conditions in the field and the planned products produced. The method of data collection is very
dependent on the data needed.
1. Data Collection Activities.

Based on the data type, data collection activities through surveys are carried out through Institutional
Data Surveys, namely survey activities aimed at obtaining secondary data. This survey activity is done
through written data requests at several agencies/institutions.
2. Data Needs.
The secondary data collected is data in the form of policy documents and other written data. Data
sources used in selecting indicators and variables in the development of Geographic Information

Systems for Food Distribution Analysis.

The data collected at this stage is spatial data in the form of a base map of Indonesia, maps of provinces
throughout Indonesia and the coordinates of the capital city points of each province. Non-spatial data
includes food distribution data from and to each province, along with the amount or volume. The image of
the base map of Indonesia and its provinces can be seen below:

@ Untitled - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing

Bxioc s [BED | EEEE0 R,

v VB s Ul A2 .

~ o Editorr

QAP|Q 355« K- O x|@ 7 BN AH
% Drawing* K O
Table Of Contents
Eesia
5 = Layers ~
5 E5 CA\Users\ti-adminD
=
[J<all othervalue
D
o
o2
o3
[
ms
(=[]
o7
s
o9
@
on
)]
[S]E
=
os
o
=)
o
o1
[SEY
Oa ©
< . >

@e|en <

suchwepi uTaRa
¥

uugArguee;@nuugmﬁmm

NUSATENGBARA TIMUR

Figure 4. Design and Creation of GIS-Based Food Distribution Application Prototype
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Each image (photos, graphs, and diagrams) in the article must be accompanied by a caption/image title
and sequential image numbers, written below the image in the middle position. Images must be directly
relevant to the article and are always referenced in the article referred toas Figure 1, where the capital letters
are capitalized.

At this stage, a GIS-based food distribution application is designed based on the results of the previous
analysis. At this stage, a prototype of the application is also made, which will be used as a model for the
GIS-based food distribution application. The prototype was built using Java and JFlowMap. The stages are:
1. Coding using Java
2. Inputting the map that has been processed in ArcMap10 in JFlowMap
3. Inputting attribute data in CSV file format
4. Compiling

The initial appearance of the prototype is as follows:

|4 Jaringan Distribusi Pangan - 8 x

File Window Help

Figure 5. The initial appearance of the prototype

Then select the file to display the commaodity map (rice, red chili or onion); if you select the rice file,
the following will appear:

busi Pangan - x

Data | Aesthetics

Figure 6. Display the commodity map

The above view is a map of rice distribution in Indonesia; the top view is the map, and the bottom panel
is the data. In the bottom panel, there are Aesthetics to change the background color and schemes of the
application, for example:
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4] Jeringan Distribusi Pangan - a8 x

File Window Help

Color scheme: | Light Blue v () show nodes Edge width:

(¥ Fill eages with gradient Edge opacity:

(V] Show direction markers Direction marker size:

(V) Proportional direction markers  Direction marker opacity.

Figure 6. Scheme Options

Scheme color identified the commaodities; each color can be assigned to one type of commodity. All
options are: Dark, Light, Black on White, Light Blue, Inverted and Grey Red Green. The same thing can
be done to display other commaodities.

3.3 Implementation

Implementation stage is finalizing all the stages in the developing the GIS-based Food Distribution
Application. This stage converts the prototype to the build-in application which being construct with web
based developing tools. The displays of the application are shown in these pictures:

Pusat Distribusi Dan Cadangan Pangan
Jaringan Distribusi Pangan

Home| Pencariandata| Petadistribusipangan| Login

Selamat Datang

Selamat Datang di aplikasi Janingan Distribusi Pangan. Aplikasi Jaringan Distribusi Pangan
adalah aplikasi yang dirancang untuk memantau jaringan distribusi pangar

Figure 7. Welcoming Page

Welcoming page is opening the GIS-based food distribution application with information about the
application. It also shows the main menu that available in application, which are: Home, Data Searching,
Food Distribution and Login. The food distribution feature can be shown in Figure 8.



95

Pusat Distribusi Dan Cadangan Pangan

Jaringan Distribusi Pangan

= Ibukota_provinsi.shp
[ Titik_pasokan.shp..
®  Dasrah Asal Pasokan Beras
@ Kota Tujuan Pasokan Beras
[¥] Titik_distribusi.shp...
@ Daerah Asal Distribusi Beras
@ Daerah Tujuan Distribusi Beras
[] Alur_pemasukan.shp...
N 8lur_pemasukan.shp
[¥] Awar hy
N slur_pergeluaran.shp
[¥] Jaringan_distsibusi ...
I ea
M Daersh Istimewa Yogyakarta
B Jawa Barat
B Jawa Tengzh
I Jawa Timur ET
I Kaimantan Barat

BIANADO
WGORO NTALO WTERNATE

B HANOKWARI

& JAYAPUH

W AMBON

B Kaimantan Selatan
M Larpung
Il Nusa Tenggara Barat

o 200 4 720 s6oka X075 ¥: 1049 Jarak:

Figure 8. Food Distribution Map

Food distribution map shows the map and distribution arrows that source and destination of the
commodities. The page consists of 2 frames, the map and the attributes options. The attributes options are
the tools to personalize the map. The user can analyse the map for many purposes.

4. Conclusion

The GIS-based Food Distribution Application was developed to address the food distribution problem
caused by many factors affecting distribution channels and food reserves in each region. GIS has several
thematic map layers that can be used to analyse food distribution. The GIS Food Distribution Network Map
was deliberately built web-based to make it easier for users to use this GIS Food Distribution Network Map;
in addition to not requiring special skills in the computer field, users can also perform better analysis
because it is easy to use.

Hopefully, this application will add to the treasury and alternative methods and techniques for food
distribution planning. In Indonesia, it is currently very complex, and using a geographical information
system is expected to be the most effective solution. In addition, the application can provide solutions based
on the results of food distribution analysis using a geographic information system that combines spatial
data and attribute data so that the geographical gap problem will not be an obstacle.
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