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ABSTRACT

Swamp agroecosystems are sub-optimal lands with distinctive characteristics, namely low fertility,
and can only be planted once a year during the dry season. Small farmers whose primary income
comes from the agricultural sector are becoming increasingly difficult due to climate-changing
changes that can intimidate their household food security. This research aimed to analyze the factors
that affect the food security of small farmer households in the swamp agroecosystem. The method
used a survey of 247 farmers who run rice farming in swamp agroecosystems in the Ciamis Indonesia,
which were determined randomly from a population of 648 farmers using the Slovin formula at an
error rate of 5%. The research was analyzed by SEM (Structural Equation Models). The result showed
that the factors impacting the food security of small farmer households in swamp agroecosystems
came from farmer characteristics, income structure, and farm risk. Based on this, the development of
small agro-industry in rural areas must be carried out to create household food security.
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BACKGROUND

The world population will reach 9 billion by 2045, with Indonesia's population at 350 million.
This increase in population is simultaneously followed by increasing energy and food needs. The
world's population has now reached 8 billion people. China, India, Indonesia, and Pakistan are Asian
countries are the largest population. Improving the agricultural system is the right solution to ensure
the achievement of food self-sufficiency in the country. Therefore, food security is becoming a central
issue of world concern due to the increasing population, rising food prices, conversing of agricultural
land, and declining production due to global climate change (Candel, 2014; Forero-cantor et al., 2020;
Waha et al., 2018). The world population will reach 9 billion by 2045, with Indonesia’s population at
350 million. This increase in population is simultaneously followed by increasing energy and food
needs. The world's population has now reached 8 billion people. China, India, Indonesia, and Pakistan
are Asian countries are the largest population. Improving the agricultural system is the right solution
to ensure the achievement of food self-sufficiency in the country. Therefore, food security is
becoming a central issue of world concern. However, decreasing the level of community welfare,
especially in developing countries, in the context of food security, availability is an important aspect
that must be met (Abdullah et al., 2019; Cafiero, 2019; Opaluwa et al., 2018). Food availability
depends on the land area, the population as a provider of labor capital, and experts to raise production
and equitable distribution (Laborde et al., 2016; Maetz, 2013).
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As the staple food for half the world's population, including Indonesia, rice is a strategic
commodity that plays an essential role in food security (Che Omar et al., 2019; Fahad et al., 2018;
Suwarto et al., 2015). Therefore, the efforts to increase rice production sustainably is a necessity
(Rusliyadi, 2023; Suparwoto, 2019). The expansion of rice fields on the north coast of Java and other
square cities is prolonged. Furthermore, even tends to shrink as a result of land conversion, which is
difficult to avoid, therefore, that it has an impact on decreasing rice production (Abdullah et al.
(2019); Abu & Soom (2016); Kassy et al. (2021); Laborde et al. (2016); Ruhyana et al. (2020))

Generally, thirteen strategic food commodities focus on food self-sufficiency and security:
rice, corn, soybeans, shallots, garlic, red chilies, cayenne pepper, chicken meat, chicken eggs,
beef/buffalo, sugar cane/sugar, and cooking oil. However, in recent years the Government has focused
on increasing production in Indonesia's three commodities with the highest consumption levels,
namely paddy, corn, and soybeans. Rice is one of the strategic commodities in Indonesia because of
its much-needed role in meeting the population’s food needs and inflation. There are several indicators
used to measure food security those are: food consumption score (FCS) and household food diversity
score (HDDS) (Bahta et al., 2017; Cafiero, 2019; Candel, 2014; Maxwell et al., 2013; Ntshangase et
al., 2018; Swindale et al., 2010). Furthermore, shares of food expenditure (PPP) can capture the
utilization dimension (Yusuf et al., 2018). Coping strategy index (CSI) and household food insecurity
access scale (HFIAS), farmer household affordability (DBP) can capture the dimensions of
accessibility and stability (Maxwell et al., 2013; Maxwell et al., 2017; Yusuf et al., 2018). Measuring
adequate household food supply per month (MAHFP) and the food subsistence level (TSP) captures
food availability and stability (Rachman et al., 2002; Swindale et al., 2010)

Most farmers in Asia make rice farming their main livelihood, but it is cultivated on a small
scale. This phenomenon contrasts with Australia and the United States, including Latin America,
where rice farming has become the main livelihood for their farmers (Firdaus et al., 2020). This
phenomenon was also becoming a prominent issue in Indonesia, where structural weaknesses are still
inherent in Indonesian farmers, namely narrow land tenure, low education level, family dependents,
limited capital, and lack of mastery of technology. This condition causes low production and limited
physical and economic access (Firdaus et al., 2020; Samberg et al., 2016; Vaghefi et al., 2016).
Nevertheless, farming activities were only carried out to maintain food availability for their families
rather than profit-oriented (Abu et al., 2016; Mutea et al., 2019).

There are many efforts to meet the needs of food, which cannot be separated from the
characteristics of farmers’ households because it describes the capacity of farmers to meet the needs
of food (Ndhleve, et al., 2021; Yusuf et al., 2018). Although the socioeconomic characteristics of
farmers are relatively much and varied, the main ones are the farmer's age, education level, principal
occupation, and the number of members of the farmer's family. Meanwhile, economic characteristics,
including the area of farming land, livestock ownership, and savings ownership, became critical in
creating farmers' profit orientation.

Many factors affect household food security, including age, gender, education, remittances,
unemployment, inflation, assets, and farmer capacity (Ndhleve et al., 2021; Yunita et al., 2011).
Climate change, extension services, increased cost of production facilities, food price instability,
income outside the agricultural sector, land area, income structure, and the number of household
members, agroecosystem characteristics, access to irrigation, and soil fertility (Bogale, 2012; Ndhleve
etal., 2021; Omotesho et al., 2006; Ulrich et al., 2012). However, the determinants of household food
security differ due to agroecosystem differences and their needs (Cafiero, 2019).
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The southern part of the Ciamis District is a rice development area, but swamp agroecosystems
dominate the condition of the area. Meanwhile, in the swamp agroecosystem, farmers can only plant
rice once a year in the dry season after the water begins to recede because it is constantly flooded in
the rainy season. Ciamis is the one swamp area in Java Island used as a swamp agroecosystem.
Swamp rice is the specific variety to grow. It is an exciting location to study. In Southern Ciamis
District, rice production in 2020 decreased by 15.1% (63,445 tons) compared to the previous year
succeeded, even though there was crop failure in several areas (Badan Pusat Statistik Jawa Barat,
2021). Data from Balai Penyuluhan Pertanian (2021) shows that a total of 360 hectares of swamp
rice fields in the area can only be planted once a year during the dry season. However, farmers usually
always force themselves to plant at the beginning of the rainy season so that it results in losses. On
the other hand, farmers have incurred significant farming costs to run their farms, although often the
results of farming itself were not commensurate with the costs incurred and failed in all seasons. This
situation traps the farmers, and the farmer survives the situation (Cafiero, 2019; Forero-cantor et al.,
2020).

The position of farmers becomes increasingly difficult when faced with the climate change
phenomenon as one of the causes of their primary sources of income decreasingly, so the farmers
need to look for other sources of income (Pandey et al., 2007; Skoufias et al., 2011; Vaghefi et al.,
2016). Several studies have shown that climate change harms food security in most countries in Asia
(Gregory et al., 2000). The study that examined the impact of climate change on rice production in
East Asia found that extreme weather would reduce rice production by 50% by 2100 (Sekhar, 2018).
Farmers need climate information that can help them determine more farming options for farming
activities (Wilke et al., 2015). Then the farmers can protect their fields from uncertainty and farming
risks. Smallholder farmers' access to food is very limited, on average their food needs are met from
insufficient self-production until the next harvest period coupled with low productivity causing them
to be trapped into food vulnerability (Thapa et al., 2011; Wildayana et al., 2018; Yusuf et al., 2018).
Syuhada et al., (2020) unfavorable swamp agroecosystem conditions cause production instability
which in the long run causes low household food security. This research added that the risk of farming
is getting higher due to climate change, especially for small farmers who run rice farming in swamp
agroecosystems in Indonesia, which can only harvest once a year. Hence, it had the potential to reduce
the level of household food security. Based on several assumptions above, food security can be
designed for vulnerable groups of farmer households (Kuzmin, 2016; Rachman et al., 2002). It is
because the need for food is a basic human need that must be met at all times. In addition, this present
study aims to analyze the factors affecting small farmers' household food security in swamp
agroecosystems in Ciamis District.

RESEARCH METHODS

This study was conducted using a survey method to provide an overview of farmers’
characteristics, income structure, farming risk, and household food security of small farmers in
swamp agroecosystems. Lakbok, Ciamis District was determined purposively by the assumption that
there has a swamp agroecosystem. However, this region is a rice center in Ciamis. The survey drove
through chosen 247 farmers household from 648 swamp rice farmers based on the Slovin formula
determined it at an error rate is 5% using simple random sampling spreaded over four areas.
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Table 1. Proportional Allocation of Sample Size

No Village Population Sample Size
1 Sukanagara 132 50
2 Kapalasawit 286 109
3 Puloerang 124 47
4 Tambakreja 106 40
Total 648 247

Source: Primary Data (2022)

The data used in this study included primary data and secondary data. Primary data was
obtained directly from the samples through structured questionnaires, in-depth interviews with a few
selected respondents and key informants, and FGD (Focus Group Discussion). The questionnaire was
tested on 27 respondents who were taken randomly and the results were that all question/statement
items in the questionnaire were valid and reliable. Meanwhile, the secondary data was obtained from
the Department of agriculture authority, Government statistic institutions, extension agents, and
farmers' associations.

Data processing and analysis were performed using descriptive statistics and inferential
statistics with SEM (Structural Equation Model) with the AMOS program version 18.0. SEM is a
multivariate statistical technique combining factor analysis and regression (correlation) analysis,
which aims to examine the relationship between variables in a model, both indicators and constructs,
or relationships between constructs. The structural equation model would produce indicators that
support the proposed model. Hair et al. (2009) write that there are 7 (seven) stages of structural
equation model and analysis: (1) theoretical model development; (2) compiling a path diagram; (3)
converting the path diagram into a structural equation; (4) selecting an input matrix for data analysis;
(5) assess model identification; (6) evaluate the model estimation, and; (7) interpretation of the model
as can be seen in Figure 1.
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Figure 1. Research Method Design
Figure 1 showed that food security as an endogenous latent variable as measured by indicators
Food subsistence level (Y11), Household affordability (Y12), and Food expenditure shares (Y13). This
endogenous latent variable is influenced by exogenous latent variables. The exogenous latent
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variables included the characteristics of farmers (X1) as measured by indicators age (X11), Education
(X12), and Family loads (X13). The exogenous latent variables of income structure (X2) were measured
by the indicators X21, X22, and Xazs; farming risk (X3) was measured by the indicators Production Risk
(Xs1), Process Risk (Xs2), and Income Risk (Xs3). Both of variable endogenous and exogenous
involved in latent variable describing on table 3. All of variables have correlated each other.
Therefore, the proper analysis tool is structural equation model (SEM). SEM is a multivariate
statistical technique that combines factor analysis and regression (correlation) analysis, which aims
to examine the relationship between variables in a model, both indicators and constructs, or
relationships between constructs. This study proposed three hypotheses:

1. H1 : Farmer characteristics have a positive and significant impact on food security.

2. H2 : Income structure have a positive and significant impact on food security.

3. H3 : Farming risk have a positive and significant impact on food security.

The test type is two tailed: positive and negative area of hypothesis. In more detail, the latent
variables and indicators can be seen in Table 2. Off-farm income is the income while waiting for
farming time; the farmer works in another profession, such as temporary labor. The farmer will return
for planting, maintenance, or harvesting when the farming time comes. The main job is farming. Non-
farm income is income from work that is not in farming as the primary job. There is a high risk of
farming; small farmers with limited access will look for other sources of income out of the main farm
(on-farm) to meet their household needs. For instance: working as farm laborers (on-farm), selling
garden products, cultivating livestock, etcetera (off-farm), and even working out of the agricultural
sector (non-farm) as construction workers, trade, firm industry etcetera.

Table 2. The Latent Variables and Indicators in SEM’s Model

Latent Variable Indicators Scale
Age (X11) Interval
Farmers’ characteristics (X1) Education (X12) Interval
Family dependents (X13) Interval
Income on-farm (X21) Interval
Income structure (X2) Income off-farm (X22) Interval
Income non-farm (X23) Interval
Production risk (X31) Interval
Farming risk (Xs) Price risk (X32) Interval
Income risk (X33) Interval
Food subsistence level (Y11) Interval
Food security (Y1) Household affordability (Y12) Interval
Food expenditure shares (Y 13) Interval

Source: Primary Data (2022)

In agriculture, there is often extreme situation containing risk and uncertainty event. The
component that may determine farming risk is the risk of production, price, and income. Production
risk in swamp rice farming is higher than in lowland (Sulewski et al., 2014). Agricultural production
risk is higher than non-agricultural production risk. Sometimes the harvest is abundant, but the price
decrease. This caused an income decrease. The component of farming risk was measured by
coefficient variation. Statistically, farming risk consisting of production risk, price risk, and income
risk can be calculated using the coefficient of variation by looking at the variability that occurs
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(Hindarti et al., 2021; Mazwan et al., 2020). Production variance and price variance as a measure of
production risk and price risk are based on the experience of farmers doing previous farming activities
(Siddik et al., 2015).

RESULT AND DISCUSSION

The research began within the primary field survey of the 247 swamp rice crop farmers to
reveal their background and knowledge about their profession. Ciamis has a geographical history of
swamp land agroecosystem. In Java Island which swamp agroecosystem is only in Ciamis. This area
was severely affected by swamp land condition boundaries. The population in area majority lives
under the risk toward poverty line and less rice yield as food intake. This risk would increase the
concentration and intensity of flood, which is disturbing rice production, farmer income, and food
security.

Farmers’ Characteristics

Characteristics of farmers are characteristics that are inherent in the farmers themselves. The
farmers’ characteristics which are the leading research in this present study, have consisted of age,
education, experience, and family load:

Table 3. Farmers’ Characteristics in Swamp Agroecosystems

Description Amount (person) Percentage (%)

1 Age (year)

a. 15-64 201 81

b. >65 46 19
2 Education level

a. Elementary 236 96

b. Junior 7 3

c. Senior 4 1
3 Experience (year)

a. 5-20 70 28

b. 21-35 129 52

c. 36-50 48 20
4 Family load (person)

a. 1-3 125 51

b. 4-6 122 49

Total 247 100

Source: Primary Data (2022)

Table 3 shows that farmers' ages range, from 32 to 71 years old, with an average age of 54
years old, so they are in the span of a productive period. Age is one of the factors related to work
ability in carrying out farming activities (Yunita et al., 2011). The number of samples dominated
farmers with low formal education. This problem caused the ability to manage lowland rice farming
to be optimal productivity. Education is related to their access to food because with higher education,
the opportunities to get better jobs are getting bigger to generate more significant income (Nwokolo,
2015). The land area of farmers ranges from 0.04-0.84 hectares with an average of 0.29 hectares
which is in the narrow category with the most dominating amount, whereas Omotesho et al. (2010)
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stated that the land is an asset for farmers in running their or her business which will determine the
level of income, the standard of living and welfare.

The experience of farmers in rice farming also varies. Range from 5-50 years with an average
of 27 years. Experience is the knowledge that humans collect through their minds and then arrange
into a patterned form. A person's experience in farming affected the response to accepting new
technologies and innovations (Ntshangase et al., 2018). This condition shows that the structural
weakness of small farmers in rural areas, namely narrow land tenure is still very inherent and causes
unequal distribution of income and production. According to Firdaus et al. (2020); Kuok Ho Daniel
Tang (2019); Vaghefi et al. (2016), the narrow tenure of land owned can result in farmers being
trapped in bare for survival.

The family-loads ranged from one to six people a family with an average of four dependents in
a family. The small number of dependents of farming families illustrated those small families in rural
areas as the main view of farmers' family members. Thus, it is also related to the proverb of the
agrarian society's Javanese culture, assuming that "many children, many fortunes" is still believed.
Even in fact, the more the number of family members, the greater the burden of living that must be
borne by farmers. Davis et al. (2017); Ndhleve et al. (2021); Nwokolo (2015); Ruhyana et al. (2020)
family size will affect the income per capita and household food consumption expenditure.

Formulation Model

Before the data were analyzed using SEM, a number of assumptions were required to be tested
first. The results of SEM assumptions and data processing to test the hypothesis consisting of a
multivariate outlier test, multivariate normality test, and multicollinearity test all meet the required
assumptions.
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Figure 2. Results of SEM Model Analysis of Farmer Household Food Security in Swamp
Agroecosystems in Ciamis, Indonesia.

This condition was reasonable considering that the average age of farmers is in the productive
age range. It could work more optimally because it would be supported by adequate physical strength.
Therefore, they could access other sources of income outside of lowland rice farming. After it fulfilled
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all the testing assumptions, it could be concluded that the output of the AMOS model, SEM model,
and household food security in the swamp agroecosystem in Ciamis Regency is obtained, as seen in
Figure 2.

Table 4. Test Results on the Feasibility of the Full SEM Model

The Goodness of Fit Indeks Cut-off Value Result Conclusion
Chi-Square Expected small 81.735 Fit
Significance Probability >0.05 0.068 Fit
RMSEA <0.08 0.053 Fit
GFI >0.90 0.947 Fit
AGFI >0.90 0.914 Fit
CMIN/DF <2.00 1.703 Fit
TLI >0.90 0.978 Fit
CFlI >0.95 0.984 Fit
NFI >0.90 0.962 Fit

Source: Primary Data (2022), n = 247

Table 4 showed a good model fit index, meaning that the model fits the data. Regression
estimation for SEM shows that all variables are significant (Table 5), so all hypotheses are accepted.

Table 5. Regression Estimate

Variables b SE CR P Note
Food security <--- Farmers’ characteristics 0.191 0.059 3.323 *** Significant
Food security <--- Income structure 0.439 0.071 6.507 *** Significant
Food security <--- Farming risk -0.327 0.072 -5.193 *** Significant

Source: Primary Data (2022), n = 247

Therefore, based on table 5 could be formed the structural equation of the exogenous latent
variable to the endogenous latent variable is as follows:

Y =0.191 X1+ 0.439 X2—-0.327 Xz + €

Information:

Y : Food security

B1, B2, B3 : Coefficient of regression
X1 . Farmer characteristic

X2 : Income structure

X3 : Risk farming

e : Error
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Table 6. Square Multiple Correlation

Estimate
Food Security 0.583

Source: Primary Data (2022)

Table 6 showed that food security was explained by farmer characteristics, income structure,
and farming risk of 58.3%. The remaining 41.7% is explained by other factors not included in the
structural equation model. Table 7 displayed good reliability and validity construct for the
measurement model of the sample. The value of the reliability construct ranged from 0.7248 to
0.8433, while the value of the validity extracted was more significant than 0.5. The results proved the
convergent validity by examining the significance of the loadings factor and the shared variance. The
variance captured by the construct should be greater than the measurement error (0.5). The structural
equation that was formed explained the causal relationship between changes in food security there
was a change in farmer characteristics, income structure, and farming risk.

Table 7. Validity and Reliability Construct

Variables Reliability Construct Variance Extracted
' CR > 70% AVE >50%
Farmers’ characteristics 84.33% 83.07%
Income structure 72.48% 68.65%
Farming risk 75.17% 75.02%
Food security 75.12% 71.94%

Source: Primary Data (2022)

Implication

Simultaneously, the three variables' effect on farmer households' food security was 58%. The
remaining 42% is explained by other factors not included in the model. The factor influencing most
farmers’ food security households is the level of food subsistence (A = 0.84). The affordability of
farmer households (A = 0.90); and 3) the share of food expenditure (A = 0.81) is the income structure
reflected by on-farm, off-farm, and non-farm income. Farming income (A = 0.91), non-farming
income (A = 0.75), and non-agricultural income (A = 0.82) were strong determinants of the latent
variable of income structure. Thus, farm, non-farm, and non-agricultural income have the greatest
potential contribution to household income.

The results of the SEM analysis showed that the coefficient of the income structure influence
was positive. On the other hand, the higher income structure reflected by, the higher income from
farming, outside farming, and outside the agricultural sector, the better the food security of farmers'
households. This condition is suitable because, with high incomes, farmers' access to food becomes
more rational. Ndhleve et al. (2021) household income is an essential determinant of household food
insecurity because access to food at the household level is determined by household income (Mutea
etal., 2019; Silvestri et al., 2015; Tefera et al., 2014).

On-farm income is one indicator that most strongly reflects the structure of household income
(A = 0.91). On-farm was natural, considering that most farmer households rely on rice farming as
farmers' main activity. The analysis showed that the average farmer's income from lowland rice
farming was Rp 8,993,229 per hectare per year, with an average contribution of 14% to the total
household income.
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This study's findings align with Abu & Soom (2016) and Mutea et al. (2019). In subsistence-
to-farmer households, food availability is more determined by food production itself. The findings
also indicated that more efforts are needed to increase the farmers’ knowledge and skills in utilizing
the potential and economic resources of farmer households considering that the source of farmers’
income does not only come from rice farming but also from outside the farm, the agricultural sector.

Income structure indicators are income outside the agricultural sector (A = 0.75) and income
outside farming (A = 0.82). The analysis results show that the average income of farmers outside the
agricultural sector was Rp 9,372,206 per year, with an average contribution of 60% to the total
household income. Meanwhile, the average income of farmers from outside rice farming but still in
the agricultural sector was Rp 4,159,753 per year, with an average contribution of 26% to total
household income.

Non-agricultural activities carried out by low-income farmer households due to narrow land
ownership and low production are one of the efforts to obtain additional income to meet household
needs. Owusu et al. (2011) found that the influence of income outside the agricultural sector on
household food security in Northern Ghana. The research results of Musumba et al. (2022) showed
that farming households in rural Sub-Saharan African countries carry out more than one type of work
to increase income. The research findings Haggblade et al. (2010) in rural Sub-Saharan Africa
concluded that 50% in Asia and Latin America, farmers' income from outside the agricultural sector
contributes about 35% to total household income. Work in the agricultural and non-agricultural
sectors is an effort for farmers to earn income because income diversification is closely related to
efforts to maintain survival in unfavorable conditions. It aimed to secure a better standard of living
by reducing risk, vulnerability, and poverty and increasing income, security, and wealth (Alobo
Loison, 2015; Mutea et al., 2019; Niehof, 2004; Yaro, 2006).

Farming risk is the second variable that affects the food security of rice farmers' households in
the swamp agroecosystem, which is reflected by indicators of production risk, price risk, and income
risk. Production risk is the indicator that most strongly reflects farming risk (A = 0.88), price risk (A
=0.77), and income risk (A = 0.89). The influence of production, income, and price risk has the most
potential to increase rice farming risk in swamp agroecosystems.

When it looks from the coefficient, which shows a negative sign, this means that the greater
risk of farming faced by farmers, the lower household food security. This condition is reasonable
considering the facts on the ground show that, on average, farmers face a high risk of farming due to
frequent flooding of their fields. Production risks faced by farmers are generally in the form of
reduced grain produced due to unpredictable floods. The findings of this study were in line with the
research results of Nephawe et al. (2021) insufficient rainfall, pest and disease attacks, and excess
rainfall can reduce farm production. The research results of Mutea et al. (2019) also showed that lost
yields from production activities are caused by climatic conditions and pests/diseases that attack
plants or can lead to low productivity resulting in reduced irrigation water and production inputs. In
comparison, the low number of inputs, such as fertilizers, can cause a decrease in rice yields.

Income risk can be assumed as the variable that most strongly reflects farming risk (A = 0.89).
It can be assumed that the higher the income risk faced by farmers, the lower household food security,
considering that farmers have to pay to run their businesses. However, the imbalance between the
income earned and the costs incurred causes an income risk. This income risk causes the affordability
of farmers to be low, even though, according to Mutea et al. (2019), the income structure owned by
farmers will affect their behavior in facing risks to anticipate crop failures. This condition is
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reasonable considering that the average age of farmers is in the productive age range. It could work
more optimally because it would be supported by adequate physical strength. Therefore, they could
access other sources of income outside of lowland rice farming.

The countermeasures made by farmers before running rice farming are by preparing large
quantities of seeds as reserves because farmers usually do embroidery repeatedly. Facts in the field
showed that the use of these seeds reaches 2-3 times the recommended amount. The Lebak swamp
has distinctive characteristics, so rice farmers in this agroecosystem are different from farmers
working on it (Yunita et al., 2011; Yusuf, 2018). Nmadu et al. (2012) stated that to minimize the risk
of production due to natural disasters, pests and plant diseases, fires, and other factors whose
consequences can be physically calculated and can be overcome by purchasing an agricultural
insurance policy. Meanwhile, the risk of a possible decline in production quality can be overcome by
applying appropriate cultivation and post-harvest technology. Meanwhile, market risk can be
anticipated in several ways, including diversification, vertical integration, forward contracting, future
markets, hedging, and agricultural options.

Although some of these strategies have been implemented by some farmers, they still have
difficulty overcoming the risks of farming. Therefore, another systematic strategy is needed, for
example, through agricultural insurance, an economic institution that functions to manage the risks
faced by farmers whose objectives are: 1) stabilizing farmers' incomes by reducing losses due to lost
yields; 2) stimulating farmers to adopt technology that can increase production and efficient use of
resources, and 3) reduce the risks faced by agricultural credit institutions and increase farmers' access
to these institutions. Suryanto et al. (2020) and Yulia et al. (2023), agricultural insurance is one of the
strategies to adapt to climate change, even in developed countries, including several countries in Asia,
developing rapidly and effectively protecting farmers.

Farmer characteristics are the third factor that influences the food security of rice farmers'
households in the swamp agroecosystem, which is reflected by age (A =0.89); 2) education (A = 0.90),
and 3) family dependents (A = 0.95). The farmer characteristics meant that age, formal education, and
family dependents of farmers could increase household food security. It meant that if farmers'
capacity increases, farmers' ability to create household food security will be better.

The strongest indicator that reflects the characteristics of farmers is family dependents (A =
0.95). Fewer family responsibilities caused household food security to be high. This characteristic
was certainly rational considering that farmers with larger family sizes tend to need more food than
farmers with fewer family members. The more members of the household, the greater the burden on
farmers, which causes household food expenditure to be more significant so that, in the end,
household food security is lower. However, family dependents are also positively related to household
income, which means that more and more family members lead to greater and more diverse sources
of income that households can access.

The results of the study of Ndhleve et al. (2021) in Botswana and South Africa showed a strong
influence of family dependents on household food security. Households with many dependents were
more food insecure than households with few family dependents. Households with more family
dependents mean more people have to be fed, so they need more food. This characteristic was in line
with the findings of (Cafiero, 2019; Silvestri et al., 2015). Musumba et al. (2022) that the food
available for one family may not be sufficient to meet the needs of all family members but only
sufficient for some of the family members.
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This study showed that the average size of the farming family in the study area belongs to a
small family where most of the family members also work to earn income to ease the burden on the
family. In addition, other family members (children) who work outside the city and have an
established economy usually send money routinely as a form of responsibility and dedication to their
parents. Farmers who are highly educated, and older in the sense of being more productive and having
a small family size, will also have a higher level of household food security. Income is very important
for households to provide food through purchases that income is very important for households to
provide food through purchases (Corral et al., 2017; Silvestri et al., 2015; Tefera et al., 2014).

The higher education farmers have taken causes household food security to be higher which is
reflected by the higher affordability and the better quality of food consumed by farmer households.
The level of education indicates that a person's knowledge level is broader because of education.
Generally, the level of education is positively related to the level of income. It meant that the higher
the education completed by farmers, the higher the income earned. Farmers with higher education
tend to gain more insight and information related to other sources of income.

In contrast to the research findings of, household food security in Botswana and South Africa
Is not significantly affected by education level. According to him, education is usually related to the
level of income because households with a high level of education usually have more money that can
be used to purchase food. Thus, the higher the level of education of farmers, the income will also be
higher the affordability of households will also be higher. In the end, farmers could improve the
quality of the food they eat and tend to choose healthier foods. The findings of this study are in line
with Nwokolo (2015); Ruhyana et al. (2020) that higher levels of education are associated with
increased household income, livelihood opportunities, and food security.

Although the average level of formal education that farmers did is low, on average farmers,
they only need to complete primary education. In general, farmers have other sources of income
outside of the rice farming they run, namely from outside the farm, which includes farm laborers,
selling garden products, livestock products, and operating agroindustry (sales of bananas and coconut
sugar). Meanwhile, sources of income from outside the agricultural sector include construction
workers and opening small stalls. The source of income is in line with the research findings of Mutea
et al. (2019) that to increase income, farmer households in the mountainous region of Kenya usually
sell crops, timber, and livestock, while off-farm income comes from trade and business, remittances,
house rent, employment. Legal, transportation services, and other informal jobs.

The little indicator that reflect household food security is age (A = 0.89). The more productive
a person's age allows them to work more productively. With their physical strength, they will be more
productive to work outside their farms and seeking additional income outside the agricultural sector.
Farmers of productive age were generally more rational in running their businesses. Thus, the income
obtained from farming can be more optimal with the minimum use of labor outside the family, which
must be paid directly. Productive age implies that farmers do not only rely on their income from one
source of income but also from other sources. Facts on the ground show that apart from working in
the agricultural sector, they also work outside it. The results of the research by Frelat et al. (2016)
show that to create household food security, farmers in sub-Saharan Africa, in addition to seeking
employment opportunities in the agricultural sector, also work outside the agricultural sector.
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CONCLUSION AND SUGGESTION

The food security of smallholder households in swamp agroecosystems in the Ciamis District
is significantly influenced by farmer characteristics, income structure, and farming risk. The income
structure reflected by on-farm, off-farm, and non-farm income is the variable that has the most
substantial influence on food security, followed by farm risk, which is reflected by production risk,
price risk, and income risk. Meanwhile, the characteristics of farmers as reflected by age, education,
and family responsibilities, although they have a significant effect on food security, have the most
negligible effect compared to other variables. According to the result of this study, the development
of small agroindustry in rural areas must be carried out to create household food security.
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