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Abstract

Rice is a staple food in Indonesia that plays a crucial role in supporting national food security,
maintaining social and economic stability, and ensuring household food security. However, its
availability is often affected by production fluctuations that depend on cropping patterns and
the impact of climate change. This study aims to analyze the impact of production factors,
imports, and exports on rice availability in Indonesia during the period 2012-2022. In addition,
this study also conducted a SWOT analysis to develop a strategy to increase the availability of
rice in a sustainable manner. A quantitative approach was used with multiple linear regression
method to identify the relationship between independent and dependent variables. Secondary
data was obtained from various trusted institutions, including the Central Statistics Agency (BPS),
the Logistics Agency (Bulog), the Ministry of Agriculture, Bank Indonesia, the World Bank, and
the Food and Agriculture Organization (FAO). Data processing was conducted using Microsoft
Excel and Python software. The regression results found that the size of the harvest area has a
positive and significant influence on national rice production with a coefficient of 5.32. This
means that an increase in harvest area is directly proportional to an increase in national rice
production. However, other variables such as rainfall, irrigation area, and population did not
show strong statistical significance on rice production, although theoretically these factors are
expected to play a role in determining rice availability. SWOT analysis reveals the internal and
external factors that influence rice availability in Indonesia. The analysis shows that Indonesia
has strengths in the form of large harvest areas and government support for food production.
However, there are weaknesses such as suboptimal irrigation infrastructure, crop shrinkage,
labor, and land degradation. On the other hand, opportunities such as agricultural
modernization and food diversification can support efforts to improve food security. However,
climate change, population increase, and conversion of agricultural land pose significant threats
to the sustainability of national rice availability. The results of this analysis are expected to serve
as a basis for developing more effective strategies in dealing with the dynamics of the food sector
in Indonesia.
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INTRODUCTION

The agricultural sector plays an important role in sustaining the economy and meeting the
food needs of the Indonesian people. One of the most prominent commodities is rice, which is not
only a staple food but also a symbol of national food security. Demand for rice continues to increase
along with population growth, making it a strategic element in maintaining food security, economic
stability, and national politics (Gunawan, 2017). However, a major challenge facing the world today
is the significant increase in population from year to year, which has direct implications for global
food demand. In his work An Essay on the Principles of Population (1798), Thomas Malthus argued
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that population growth tends to increase geometrically (2, 4, 8, 16, ... ) while food production only
increases arithmetically (2, 4, 6, 8, ... ). This imbalance, he argued, could trigger a food crisis or famine
if there was no effective control mechanism.

Food security according to Food Law No. 18/2012 is a condition of food fulfillment for the
state to individuals, which is reflected in the availability of sufficient food, both in quantity and
quality, safe, diverse, nutritious, equitable, and affordable and not contrary to religion, beliefs, and
culture of the community, to be able to live healthy, active, and productive lives in a sustainable
manner. According to the Global Food Security Index (GFSI) published by The Economist Intelligence
Unit (EIU), Indonesia's Food Security Index ranks 63rd out of 113 countries with a score of 60.2, and
ranks 5th among ASEAN countries in 2022. However, this score has not reached the global food
security average of 62.1, so Indonesia is still classified as a food insecure country.

Indonesia's Food Security Index 2012-2022 (GFSI)
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Figure 1. Indonesia's Food Security Index 2012-2022 (Source: GFSI)

In general, despite fluctuations, Indonesia's food security index shows an increasing trend
from 2012 to 2022, especially during 2016 to 2019. During 2012-2015, Indonesia's food security
index was relatively stable. However, in 2020, there was a decrease in the index from 62.60 in the
previous year to 59.50. This decline was caused by the impact of the COVID-19 pandemic on the food
supply chain and the economy as a whole (Vadilaksono, 2023). In 2021, the index decreased slightly
again to 59.20, but in 2022 there was a small increase to 60.20, showing signs of recovery. In
understanding national food security, it is important to see how rice availability in Indonesia is
formed. The availability of rice is influenced by several factors, mainly domestic rice production,
stocks, as well as adjusted import and export volumes as mentioned in a study by Lestari, Lubis, and
Jufri (2013). The graph below presents data on production, stocks, imports, and exports in Indonesia
from 2012 to 2022.
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Figure 2. Indonesian Rice Availability, Production, Stock, Import, Export (2012-2022) (Source:
Central Bureau of Statistics, processed 2024)

Through this graph, we can see the trends that illustrate the large role of rice production as
the main support for food availability, as well as how these factors interact to maintain stable rice
supply. Rice production plays a major role in supporting rice availability in Indonesia from 2012 to
2022. The trend of rice availability generally follows the pattern of rice production. This means that
rice supply in Indonesia is highly dependent on domestic output, and changes in rice production
directly affect the level of rice availability. A significant decline in rice production after 2018, for
example, resulted in a decrease in rice availability, despite contributions from imports. This indicates
that if rice production can be increased sustainably, food security will also be more secure without
relying too much on imports. Therefore, to ensure the sustainability of production as the main
support for food security, it is important for the author to analyze more deeply the factors that affect
rice production. By understanding these factors, the authors can explore SWOT-based strategies to
increase stable and sustainable rice production, thus supporting national food security.

RESEARCH METHODS

This type of research is quantitative research. The population in this study is 34 provinces in
Indonesia and the sample is in the form of secondary data of annual time series of independent
variables and dependent variables from 2012 to 2022 sourced from the Central Statistics Agency
(BPS), the Logistics Agency (Bulog), the Ministry of Agriculture, the World Bank, and FAO (Food
Agricultural Organization) in the form of panel data. Data processing is done using Microsoft Excel
and Python software.
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Figure 3. Diagram of Rice Availability and its Influencing Factors

This study uses a multilevel analysis with the equations below. The variables used, including
dependent and independent variables, are estimated to have an influence on rice availability in
Indonesia.

Model 1: Rice Availability Regression

pl=0a0+alxl+a2x2+a3 x3 +adxd + &l

p1 = Rice Availability (Tons)
x1 = Rice Production (Tons)
X, = Rice Imports (Tons)

x3 = Rice Stocks (Tons)

X4 = Rice Exports (Tons)

Model 2: Rice Production Regression
x1=B0+Blyl +¢e2
x1 = Rice Production (Tons)
y1 = Paddy Production (Tons)
Model 3: Paddy Production Regression

y1=y0+ylzl +y2z2 +y3 z3 +y4z4 + €3

y1 = Paddy Production (Ton)

z1= Harvested Area (Ha)

Z; = Rainfall (mm)

z3=Irrigation Area (Ha)

z4 = Total Population (Thousands of People)
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RESULTS AND DISCUSSION

Rice Availabillity

coef std err t P>t [@.825 8.975
const 2.128e+85 1.11e+86 a.192 B.854 -2.49e+86 2.92e+8)
Rice Production B8.9954 8.822 45,831 8,608 8.943 1.85
Rice Stocks B.4572 8.374 1.223 B.267 -8.457 1.37
Rice Imports B.9238 8.118 8.384 B.688 B.654 1.19
Rice Exports -8.6838 4,818 -1.786 B.124 -28.393 3.18

Picture 4. Regression Results of Rice Availability vs Production, Stock, Import,
and Export of Indonesian Rice 2012-2022 using Python

The regression equation formed is:
Rice Availability
=212771.99 + (0.99 x Rice Production)
+(0.45 x Rice Stocks) + (0.92 x Rice Imports)
+(-8.60 x Rice Exports)

The estimation results show that of the four explanatory variables, only rice production and
imports have a significant effect on rice availability. The estimated coefficient of 0.9964 on rice
production indicates that every 1-ton increase in production increases the availability of rice by
0.9964 tons. This result is in line with the research conducted by Pratama (2018) where rice
production positively affects rice availability. Similarly, rice imports increase availability by 0.9238
tons per additional ton of imports. Meanwhile, rice exports and consumption have no significant
effect, with the export coefficient showing a statistically insignificant reduction in availability (p >
0.05). The strong coefficient of rice exports (-8.60) reflects that despite its small volume, changes in
rice exports significantly affect availability. This is because Indonesia's rice exports are relatively small
compared to total domestic production and demand, so even small changes in exports can have a
measurable impact on the regression model. This condition may also be reinforced by the presence
of outlier data or the low variability of exports from year to year, which makes the relationship
between exports and availability appear stronger than it actually is. This is in line with the view of
Adriansyah et al. (2024) who mentioned that the value of Indonesia's rice exports tends to be low
and fluctuating.
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Rice Production

Intercept: -2819627.4476685524

Koefisien: [@.66588823]

Mean Squared Error (MSE): 1377876815822.3748
R-squared (R2): @8.9787367837354466

Root Mean Squared Error (RMSE): 1173829.07785840983

coef std err t P>t [6.825 0.975]
const -4.23e+86 2.81e+06 -2.106 8.065 -8.77e+06 3.14e+05
Paddy Production 0.6838 0.e30 22.686 0.000 0.616 8.752

Picture 5. Regression Results of Indonesian Rice Production vs. Indonesian Paddy
Production 2012-2022 using Python
The regression equation formed is:
Rice Production = -4229916.13 + (0.68 x Paddy Production)

The R-squared (0.9787) indicates that 97.87% of the variation in rice production can be
explained by paddy production, with an F-statistic of 17,860 and a very small p-value (1.35e- 17),
indicating the overall significance of the model. Each increase of 1 ton of paddy production is
estimated to increase rice production by 0.68 tons, reflecting the conversion of paddy into rice. The
coefficient of Paddy Production also indicates that about 68.3% of paddy production becomes rice.
This is in line with the fact that in the process of milling paddy into rice, there will be shrinkage (due
to husks, broken rice, etc.), so not all paddy production will become rice (Sary, 2017).

Paddy Production

Intercept: -38758.82573433111

Koefisien: [ 5.81681619 -1.28858934 -8.209312896 13.7816937 ]
Mean Squared Error (MSE): 38858096.4991853

R-squared (R*): 6.9740285546797844

Root Mean Squared Error (RMSE): 1756.6719953324525

coef std err z P>|z| [0.825 9.975]
const -1.213e+04 2.32e+04 -8.522 8.602 -5.77e+04 3.34e+04
Harvested Area 5.3216 0.584 9.111 ©.000 4.177 6.466
Rainfall -1.4339 3.580 -9.400 ©.689 -8.451 5.584
Irrigation Area -9.2244 1.407 -9.159 8.873 -2.983 2.534
Total Population 6.0444 G.680 0.624 9.532 -12.929 25.017

Picture 6. Regression Results of Paddy Production vs. Harvested Area, Rainfall, and
Irrigation Area of Indonesia 2012-2022 using Python

The R-squared of 0.974 indicates that the model explains 97.4% of the variability in rice paddy

production, suggesting that the model is very good at explaining the data. Here is the regression
equation obtained:
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Paddy Production
=-12130.97 + (5.32 x Harvested Area)
+(-1.43 x Rainfall) + (-0.22 x Irrigation Area)
+(6.04 x Total Population)

Based on the regression results, harvest area has a significant influence on rice paddy
production, with a very small p-value (0.000), indicating a statistically strong relationship. The
regression coefficient of 5.32 indicates that every 1 hectare increase in harvested area will increase
rice production by 5.32 tons, assuming other factors remain constant. This indicates that harvested
area is the most dominant variable in determining rice production, compared to other variables such
as rainfall, irrigation area, and population which are not significant in this model. The significance of
harvest area reflects that the availability and optimal utilization of land is a key factor in increasing
production.

SWOT ANALISYS

In facing the challenges of food security in Indonesia, particularly related to rice availability, it
is important to thoroughly understand the internal and external conditions and factors affecting the
sector. To this end, SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis provides a
comprehensive approach to identify strengths and opportunities that can be maximized, as well as
weaknesses and threats that need to be anticipated.

Strengths

Quoted from Elpawati et al. (2017), FAO estimates that food crop production in developing
countries in 2030 will increase by 67 percent compared to the production level in the 1997/99
reference year. Indonesia itself has a major strength in the rice production sector thanks to
significant harvest areas, especially in production center provinces such as West Java, East Java, and
Central Java. Research results by Pratama (2018) show that the geographical conditions in Indonesia,
which are suitable as paddy fields, cause the availability of rice in Indonesia to be quite large. In
addition, BPS data in 2023 showed that the harvest area in Indonesia reached more than 10 million
hectares, providing a large production capacity to meet national rice needs. The diversity of local rice
varieties is also an advantage, such as the Anak Daro variety that is able to adapt to areas up to an
altitude of 600 meters above sea level or varieties such as Inpari that are drought and disease
resistant are additional advantages that support adaptation to various climatic and geographical
conditions.

Government support is also an important force. According to llyas (2020), rice availability has
increased thanks to various policies implemented by the government, such as input subsidies in the
production sector (seeds and fertilizers), provision of facilities and infrastructure, output subsidies,
determination of the Government Purchase Price, and regulation in the import sector through
regulations and tariffs. All these factors provide a strong foundation for Indonesia to achieve more
stable food security.

Weaknesses

Despite having a large harvest area, the availability of rice in Indonesia is still hampered by

several structural weaknesses. One of them is the sub-optimal condition of irrigation.
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According to the Ministry of PUPR in March 2023, there were around 35% of irrigation
networks in Indonesia experiencing damage that required repair. However, Moeno (2020) stated
that 52% of irrigation networks out of a total of 7.2 million hectares in Indonesia were damaged,
while in West Java the damage reached 40%. Irrigation management institutions have a very
significant influence on the damage to irrigation buildings, as well as the volume of waste that also
significantly affects the damage.

Limited labor, the use of overly manual equipment, and inappropriate planting times are also
major weaknesses in the agricultural sector that can negatively impact crop yields. Kobarsih and
Siswanto (2015) note that limitations in the number or quality of labor lead to delays in harvesting,
which increases the risk of damage to produce that should have been harvested on time, as was the
case in Gunungkidul. In addition, the use of less efficient farm equipment slows down the harvesting
process, increasing potential losses and lowering productivity. According to Karim and Aliyah (2018),
inappropriate planting timing can cause crops to face a lack of water when they need it or excess
water at a stage when they no longer need it. All of these point to weaknesses in the planning and
management of agricultural production, which can hinder the achievement of maximum vyields and
reduce the efficiency of resource use, as well as exacerbate losses due to crop losses.

In addition, excessive agricultural intensification practices without land restoration have led
to soil degradation, especially in Java, as per the Ministry of Environment and Forestry (MoEF) 2022
report. Intensification often involves changes in the way farmers manage water resources, such as
the use of irrigation. If irrigation is not managed properly or if there is a mismatch between irrigation
systems and rainfall patterns, crops can experience water shortages or excesses at critical times.
High fragmentation of farmland also hampers production efficiency, as small and fragmented
landholdings are difficult to manage optimally, resulting in reduced farmer productivity and
competitiveness.

Opportunities

Indonesia has a number of opportunities that can be utilized to strengthen rice availability.
One of the big opportunities is the utilization of new water sources through the construction of dams
and reservoirs, where until 2023, as many as 60 new dams have been completed by the Ministry of
PUPR to increase access to water for agricultural land. In addition to the utilization of water sources,
Indrayanti et al. (2024) explained that the application of modern agriculture with agricultural tools
and machinery (alsintan) is a great opportunity to increase productivity and efficiency. The use of
agricultural tools and machinery can reduce operational costs compared to conventional methods,
as shown in the financial analysis which reveals that modern farming costs are relatively lower. In
addition, agricultural tools and machinery is also effective in minimizing the risk of crop loss in the
field, resulting in higher and more consistent production yields.

The food diversification campaign since 2022 is also an opportunity to reduce dependence on
rice and encourage consumption of local alternatives such as sago, corn and tubers. International
research and development (R&D) cooperation with institutions such as IRRI also paves the way for
the development of rice varieties that are more resilient to climate change, thereby increasing the
resilience of the agricultural sector amidst unpredictable weather conditions.

Threats

In their journal, Sumastuti et al. (2016) explained that climate change poses a significant threat
to food availability, especially rice, in Indonesia. The three main impacts of climate change- floods,
droughts, and attacks by plant-disrupting organisms (pests)-directly affect the agricultural sector.
Floods can damage rice fields, cause crops to die before harvest, and reduce the quality of
production. Droughts, which are becoming more frequent due to erratic rainfall patterns, reduce the
availability of water for irrigation, so rice plants do not grow optimally. In addition, climate change
also triggers an increase in pest attacks that threaten crop yields in terms of both quantity and
quality. These three impacts not only reduce production, but also have the potential to cause total
crop failure, which in turn can threaten national rice availability and overall food security stability.
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Land conversion also poses a serious threat to the availability of rice in Indonesia, especially
as population growth increasingly drives land use change. Data from BPS (2021) shows that the
conversion of paddy fields nationally reaches 60,000-80,000 hectares per year, with the main factors
including poor irrigation systems (73%) and ease of substitute cultivation techniques (27%) (Pramono
et al., 2015). In addition, Kamilah (2013) highlighted that the value of land for industry and housing
is much higher than agricultural land, especially paddy fields. The low direct economic benefits of
agricultural land make land conversion easier to occur. If this trend continues, land conversion will
further reduce productive land, threaten rice production, and undermine national food security.

Table 1. SWOT Matrix of Increasing Rice Availability in Indonesia

S w
e Significant Harvest ® |rrigation Damage
Area ® Labor Limitations
® Geographical e Land Degradation
Conditions due to Intensification
e Adaptive Local Rice e Farmland
Varieties Fragmentation
® (Government Program e Planting Time
Support Management
SO WO
Utilization of New e Optimizing Harvest ® |[rrigation
Water Sources Area with Technology Infrastructure
Modernization of e Utilization of New Revitalization
Agriculture Dams and Reservoirs e Utilization of
Food Diversification for Agricultural Agricultural Tools and
Support Irrigation Machinery for
International e Strengthening Food Harvesting Efficiency
Collaboration Diversification and Reducing
Program Dependence on
Manual Labor
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e Soil Restoration for
Sustainable
Agriculture
T ST WT
e Climate change e Climate Change e Strict Control of
® Population Increase Adaptation with Agricultural Land
e Agricultural Land Climate-Resilient Conversion
Conversion Varieties ® |mproving Rice
e Water Availability e land Efficiency Distribution to Reduce
e Infrastructure through Technology to Dependence on
Damage Overcome Land Imports
Conversion e Socialization of the
e Enforcement of Importance of
Productive Agricultural Sustainable
Land Zoning Agriculture

SWOT Strategy

SWOT Strategy As a strategic measure to optimize rice availability in Indonesia, SWOT analysis
provides a comprehensive overview of the internal and external factors affecting the sector. From
this analysis, we see that there are a number of strengths that can be maximized, weaknesses that
need to be addressed, opportunities that can be exploited, and threats that need to be anticipated.
Based on this mapping, it is important to design appropriate strategies to capitalize on the synergies
between strengths and opportunities, mitigate the impact of weaknesses, and anticipate threats.
SO (Strengths-Opportunities Strategy)

To take advantage of existing strengths and opportunities, Indonesia can optimize harvest
areas by implementing modern agricultural technology, such as precision irrigation systems
supported by new dams. This program can be integrated with agricultural machinery assistance
(agricultural tools and machinery) from the government to increase efficiency in rice production
centers. In addition, with 60 new dams to be built by 2023, the government can utilize these water
sources to increase irrigation in water-scarce lands, especially outside Java. A more vigorous food
diversification program can also support the reduction of dependence on rice, by encouraging the
consumption of local food alternatives in food security-prone areas.

ST (Strengths-Threats Strategy)

To deal with the threat of climate change, adaptation through the use of climate-resistant rice
varieties is an effective solution, especially drought-resistant varieties. In addition, increasing
agricultural land efficiency through precision technology can reduce the negative impact of land
conversion. The government can also strengthen regulations on zoning for productive agriculture in
areas prone to land conversion, such as Jabodetabek. Support for infrastructure development such
as new dams also needs to be directed at repairing damaged irrigation to maintain water supply.
Stricter rice import policies are also needed to protect local farmers from international market
pressure when production threats occur.

WO (Weaknesses-Opportunities Strategy)

Revitalizing irrigation infrastructure using water sources from new dams and reservoirs can

improve suboptimal water distribution, especially in paddy fields that often experience water
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shortages. Modernization of irrigation infrastructure can be done by utilizing the construction of new
dams to repair damaged networks, improve water supply efficiency, and ensure timely harvests. The
use of agricultural tools and machinery needs to be expanded to reduce dependence on limited
manual labor and improve harvesting efficiency. In addition, food diversification can be used as an
alternative to support farmers on small and fragmented land. Training on cropping pattern
management and technology use also needs to be conducted to overcome resource limitations that
affect productivity. To address soil degradation, the government can support sustainable practices,
such as crop rotation and soil conservation, to maintain long-term soil productivity.

WT (Weaknesses-Threats Strategy)

In the face of both weaknesses and threats, the government needs to implement strict
controls on agricultural land conversion to maintain the existing productive land area. Policies such
as tax incentives for farmers who keep their land as agricultural land, as well as penalties for zoning
violations, can help reduce productive land loss. To deal with the threat of climate change and
infrastructure weaknesses, agricultural insurance programs should be implemented to protect
farmers from losses due to floods, droughts, or pest attacks. Irrigation management systems need
to be improved by involving local managers and utilizing new reservoirs to address water shortages.
In addition, socializing the importance of sustainable agricultural practices and incentivizing farmers
to implement environmentally friendly methods can help sustain rice production in Indonesia.

CONCLUSIONS

Based on the research results regarding the analysis of factors affecting rice food availability
in Indonesia, it can be concluded that several main factors contribute to this condition. Harvest area
has a positive and significant effect on national rice production with a coefficient of 5.32, which
means that an increase in harvest area is in line with an increase in rice production. Despite having
a large harvest area, the availability of rice in Indonesia is still hampered by several structural
weaknesses. One of them is the less than optimal irrigation conditions. According to the SWOT
analysis, Indonesia's strengths lie in its large harvest areas and government support, while its
weaknesses include suboptimal irrigation infrastructure. Opportunities such as the use of modern
technology and food diversification can improve food security, but challenges from climate change,
population growth and land conversion pose a threat to the sustainability of rice availability
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