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Abstract: Rice farming households with limited capital often employ various strategies to diversify their livelihoods for life sustenance.
Therefore, this study aims to determine the effect of the household capital of rice farmers on livelihood diversification in Indramayu
District. A survey method was utilized and data were obtained from 214 rice farming households, which were selected using the propor-
tional simple random sampling technique. The data obtained in this study were analyzed using the partial least square method. The results
showed that the household capital of rice farmers had a positive and significant effect on livelihood diversification. Based on the findings,
government policy recommendations had been prioritized, focusing on physical capital through the provision of agricultural tools and
machinery. The government must also prioritize natural, financial, social, and human capital by anticipating climate change, increasing
support for capital sources, fostering social networks, and improving farming skills, respectively.

Keywords: livelihood diversification, entropy index, capital, rice farming households, Partial Least Squares

1. Introduction

Rice farming households are known to play a crucial role in generating national revenue due to
their contribution to the agricultural sector. Previous reports have shown that paddy rice commodities
solely account for approximately 60% of the income generated in this sector in Indonesia [1]. However,
a concerning trend has emerged, where the ownership of rice fields is becoming increasingly limited. A
previous survey among 15.89 million agricultural households showed that each of them owned an aver-
age of 0.5 hectares of land [1]. The decreasing ownership of paddy fields has led to a decrease in the
overall area of rice cultivation and a reduction in production. Over the last 5 years (2015-2019), Indo-
nesia has witnessed a significant decrease of 27.58% in the crop’s production [2,3], leading to decreased
income for farming households. Consequently, these households are struggling to meet their basic needs,
and their standard of living has been adversely affected.

Indramayu District was selected as the location for this study due to its prominent status as a rice
field center. The agricultural conditions in this area are characterized by subsistence farming practices
and high susceptibility to various risks. These risks include drought during the dry season, flooding in
the rainy season, and reduced paddy fields due to seawater intrusion [4]. To mitigate these conditions,
rice farming households have adopted livelihood diversification strategies to obtain additional income.
Smallholder farmers, in particular, are more inclined to diversify their livelihoods to minimize variations
in revenue [5]. The diversification strategy can reduce stress, such as floods, droughts, and diseases
[6,7], as well as provide security and improved standard of living [5]. Rural households with this strategy

are also better positioned to develop more robust and less vulnerable assets compared to others [8].
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The diversification of agricultural livelihoods provides benefits for environmental sustainability.
Diversifying crops can stabilize the productivity of cropping systems, decrease negative environmental
impacts, and reduce biodiversity [9,10]. The implementation of this strategy outside farming (off-farm
diversification) provides additional income through farm labor and entrepreneurial activities [11]. How-
ever, rice farming households affected by limited land area and low income often find it difficult to
cultivate high-value cash crops, making diversification unsuccessful [12]. Various factors have also been
identified to inhibit the diverseness of agricultural livelihoods, such as poor market access, market in-
stability, limited government support, and high input costs [11]. Other factors include limited labor,
unavailability of standard superior seeds of commercial commodities, low fertilizer [13], less supportive
irrigation infrastructure, and low soil quality [14,15]. These challenges have motivated rice farming
households to explore non-agricultural employment opportunities. Empirical studies have shown that
the integration of non-agricultural jobs provides benefits for these households in terms of food security
[16], increased income, and reduced poverty rates [17-19]. Engaging in agricultural, non-agricultural
activities, or their combination has a positive impact on income and welfare [20]. In developing coun-
tries, approximately 50% of income is derived from non-agricultural activities, money transfers, and
pension payments [21]. A report in Indonesia revealed that non-agricultural enterprises contributed
68.91% of farming household income [22]. Therefore, it is important for rice farmers, specifically those
with limited farming areas to explore non-farm diversification as an opportunity to access non-farm
opportunities and alleviate poverty.

Livelihood diversification varies among rice farming households, depending on how the available
resources and abilities are minimized. According to [5], the resources or assets owned by a household
determined its ability to develop strategies to meet basic needs. In the context of livelihood approaches,
these resources are often referred to as capital. [21,23] stated that are five types of capital, including
human (education, skills, and health), social (networks and associations), natural (water, land, trees, and
others), physical (investment in the form of goods), and financial (money, savings, access to loans). A
study by [24] revealed that household capital had a significant effect on livelihood strategies in Inner
Mongolia, China. This is consistent with [8,25], where rural households used their free time to engage
in non-agricultural activities in Bangladesh. Higher education, male labor, and infrastructure have been
reported to have a positive and significant effect on the diversification of non-agricultural employment
opportunities. Meanwhile, the age of the household head, the farming experience of the head, and the
ownership of land have a negative and significant influence. This indicates that young workers have the
opportunities to get wage jobs and entrepreneurship in non-agricultural activities.

These findings are inconsistent with [18], who stated that the age household head had a positive
and significant effect on verified livelihoods. Based on this result, the elderly are expected to have
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enough wealth and experience to invest in non-agricultural activities. The level of job diversity of each
rice farmer household in an area has a corelation with the capital. The livelihood diversification level
(diversity of livelihoods in the household) has a negative insignificant association with farming area
ownership and exploitation [26,27], as well as a positive corelation with the number of working house-
hold members [26,27]. Furthermore, it has a negative and weak association with land tenure and land
concession area [27].

Previous studies on livelihood diversification obtained different findings, but the variables were
independent. Previous reports have also utilized household capital in determining livelihood diversifi-
cation. The application of covariance-based and variance-based Structural Equational Modeling (SEM)
in this context has been relatively rare. Analytical methods, such as logit regression models, multinomial
logit, and SEM have been reported to have several weaknesses, primarily requiring normal distribution
and standardized units of measure. To address these limitations, livelihood diversification was facilitated
by combining the five capitals owned by rice farming households (human, social, natural, physical, and
financial) as material for exogenous variable constructs. This study used the entropy index, as well as
the diversification of agricultural and non-agricultural jobs as materials for endogenous variable con-
structs of livelihood diversification. The analysis tool used was the SmartPLS software program due to
its numerous advantages, namely, it did not require normal distribution, standardized units of measure
(nominal, ordinal data, ratio data), and a high number of respondents compared to SEM-CB [28,29].
Therefore, this study aims to analyze the effect of the household capital of rice farmers on livelihood
diversification in Indramayu District. The empirical results predicted that household capital had a sig-
nificant effect on livelihood diversification.

This study used a framework for determining the capital-based livelihood diversification of rice
farmer households by compiling an econometric model. The capital from rice farmer households con-
struct was first completed (human, social capital, physical, natural, and financial) based on the percep-
tion of the respondents. A livelihood diversion construct (the value of the level of livelihood distribution
marked by the entropy index, diversification of agricultural livelihoods, and diversification of non-agri-
cultural livelihoods) was also assessed based on their perception. Subsequently, the two constructs were
connected and an analysis was carried out using the partial method of SmartPLS tools. In the next chap-

ter, a discussion and conclusion were carried out.

2. Materials and Methods
2.1. Location and Research Data

Indramayu District was selected as the study location because it was the largest rice producer in
West Java Province, Indonesia, and the location of the respondents was determined gradually. All sub-
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districts in the district were then grouped into several categories, including areas close to markets, cities,
tourism, and industries. This categorization was carried out considering the fact that the livelihoods of
households, particularly those engaged in farming could differ depending on their proximity to these
areas [30] [31] [32]. Furthermore, one sub-district was selected randomly using an excel program rep-
resentative of the Eastern, Central, and Western regions, namely Juntinyuat, Indramayu, and Patrol Dis-
tricts, respectively. One village was also selected randomly using an excel program representing the
selected sub-districts, including Juntinyuat Village in Juntinyuat District, Teluk Agung Village in In-
dramayu District, and Patrol Village in Patrol District. The position of the study location is presented in
the Map of Indramayu District, as shown in Figure 1).

Indramayu District was geographically located at 107°52" — 108°36 East Longitude and 6°15 —
6°40" South Latitude, with the shape of its topography being plain. The average slope of the soil was 0
— 2 percent, which caused waterlogging during high rainfall. The coastline was 147 km, and the high air
temperature ranged from 22.9°C — 30°C. Furthermore, the climate conditions had 97 rainy days and a
rainfall volume of 1,411 mm. The height of the district was 3 meters above sea level, and the total land

area was 2,099.42 Km2. The number of villages was 317, with a total of 31 sub-districts [2].
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2.2. Household Capital of Rice Farmers

Capital was a resource that became a household livelihood asset. This study examined the utiliza-

tion of household capital to achieve livelihood diversification using five types of capital [6,33], namely

human, social, natural, physical, and financial.

¢ Human capital referred to the resources possessed by the head of the household and its members, which

was expressed outwardly and could be cultivated. The role of humans was to facilitate the functioning
of the other four capitals, including natural, physical, financial, and social. The human capital used
in this study included age, experience, and skills.

Social capital is a resource owned by households, which could be used to mobilize humans to opti-
mize the other three household capital. The social problems in this study included trust (honest, or-
derly, and cooperative behavior) and social networks (bonding/homogeneous community with fam-
ily/friends/neighbors, bridging/heterogeneous, and land tenure institutions).

Natural capital referred to a resource available in nature, which had direct and indirect benefits in
nature sustainability. Furthermore, its benefits included providing nutrient cycling and protection
from erosion and storms. This study employed different natural capital, including the availability of
water and water sources, land tenure, climate change, environmental services, and biodiversities.
Physical capital was a means of carrying out livelihood diversification activities and the aspects uti-
lized in this study included infrastructure and its condition (roads, markets, and others), agricultural
tools and machinery, as well as access to agricultural technology (communication networks).
Financial capital was a household resource used to diversify livelihoods and the aspects examined

included sources of income, access to credit, and sources of capital.
A description of variables and measuring indicators used in constructing the capital of rice farmer

households is presented in Table 1.

Table 1. Description of Household Capital Measurement Indicators of Rice Farmers.
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Manifest
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Farming skills Types of skills mastered (Tobit Models
(X1s) g due to the training fol- Likert scale Ordinal +/Si and Double- [37]
13 lowed g hurdle Models)
The level of honesty, or-
Belief (X21) der, and cooperation in Likert scale Ordinal ) ) [33,38]
groups
Social Capi- Corelations between rela-
tal (X2) Social networks tives a;nd fngnlds (bor_1d|ng " | ordinal
(X2) capita ) social organiza- Likert scale rdina - - -
: tions (bridging capital),
land tenure institutions
The existence of a water
Auvailability of air  source to ensure irrigation
and water source water for is always availa- Likert scale Ordinal ) ) [21]
(X31) ble for plants in each
growing season
(Logit model;
Narrower paddy field land Irgu::!nomlal
Soil (X32) tenure and land topogra- Likert scale Ordinal S ot [15.39,40]
. pearman's
phy +/Sig. :
correlation
analysis)
Natural Capi- Climate change_condltlons
tal (Xs) Climate change (temperature, rainy days,
3 (Xs3) rainfall, solar intensity) Likert scale Ordinal (Binaary logis- [34,41]
33 affect crop production in +/Sig. tics) ry log
the field
Environmental services
Enw_ronmental are obtalneq from natural Likert scale Ordinal } [21]
services (Xs4) beauty, agricultural -
agrotourism.
Various living things that
Biodiversity remained preserved in rice
fields, such as ground Likert scale Ordinal -
(Xss) snakes, eels, and microor- ) [21]
ganisms.
Good physical condition
Infrastructure and  on farm roads, irrigation (Multiniminal
its condition networks, agricultural Likert scale Ordinal . logit; rivew lit-  [40-43]
: +/Sig
(Xa1) markets, internet net- erature)
works.
Agricultural tools  Agricultural equipment
. and machinery owned and its conditions Likert scale Ordinal ) ) )
Physical (Xa2) for farming
Capital (X4)
Skills in using agricultural
Access to agricul-  tools and machinery, post- Treatment ef-
tural technology harvest technology and its Likert scale Ordinal +/Sig. fects
. - [43,44]
(Xa3) processing, communica- (TE) model
tion tools and the internet
Various sources of income
come from on-farm (crops
and livestock), off-farm Iti inal
Sources of in- (labor wages, rent of Lik | dinal Si I(Ml.J .t|nom|na 18.40.42 4
come (Xs1) tools, machinery, and Ikert scale Ordina +/Siq. n:gtlzc??zo;es- [18,40,42,43]
land), and non-farm (labor - €9
- sion model)
Financial wages, pension funds,
; stalls, delivery)
Capital (Xs) There is eas
y access to (Mixed
credit, such as: ownership .
£ land ifi method;explor-
Ease of creditac-  Op o0 certificates, status . . . atory factor
of arable land tenure, fam- Likert scale Ordinal +/Sig. . [11,46-48]
cess (Xs2) analysis; biva-

ily corelations, friends,
and participation in
groups/institutions

riate and multi-
nomial probit)




Manifest Indicators Definition Parameters Scale Unit Xand Y Corela-

Variables tion Hypothesis Analysis Tools Reference

Working capital obtained
from various sources,
such as: personal capital,

Sources of capital family loans / abouta /

(censored re-

(Xs3) friend, government assis- Likert scale Ordinal gqrgzséllc))n [49]
tance, banks, middle-
men/entrepreneurs, agri-
cultural kiosks.
2.3. Livelihood Diversification 154

Diversification in livelihood approaches was a phenomenon of strategies for household survival. 155
Livelihood diversification was crucial as it could improve job security and living standards [33]. Rural 156
areas often had two types, including diversification of agricultural and non-agricultural livelihoods. The 157
diversity of each household was determined by the values obtained from the diversity index (entropy 158
index). The value of the level of livelihood diversity mainly depended on the members of the working 159
household and the type of livelihood performed [26,27,35]. 160

161

2.3.1. Livelihood Diversification Index Analysis 162

Livelihood Diversification Index analysis was carried out to determine the degree of livelihood 163
heterogeneity (on-farm, off-farm, and non-farm) of rice farmer household members. Furthermore, it was 164
determined using the entropy index formula [50-52], which was largely affected by the amount of labor 165
working in a certain livelihood and the number of household members engaged in all types of jobs. The 166
closer the value of the index entropy was to 1, the more diversified the livelihood of a rice farmer house- 167
hold. The closer the value was to 0, the more specialized the livelihood of the rice farmer household. 168

Several studies on the entropy index in Indonesia had been carried out by [26,27,35]. Mathematically, 169

the entropy index [50] could be written as follows: 170
€ = - YL, pilnpi (1) 171

pi =1/L (2) 172

where: 173

€: Entropy index,0<€<1 174

pi: the proportion of household members working on the n'" type of job to the number of house- 175
hold members working on all types of livelihood 176
I: the number of household members working on the i type of job 177

L: the number of household members working on all types of livelihood 178



n: the amount of job type done as a household livelihood (1, 2, ...)

Entropy index value:

e If the value of € was 1, the diversification of household members was carried out on all types
of livelihood in a balanced manner.

e Ifthe value of € was 0, no diversification of household members was performed (the livelihood
is specialized).

The result of the entropy index analysis of rice farmer household livelihood diversification in In-

dramayu District was used as the measurement indicator consisting of the endogenous variable construct

of Livelihood Diversification, as shown in Table 2.

2.3.2. Diversification of Agricultural Livelihood

Diversification of agricultural livelihoods was carried out to provide new job opportunities in rural
areas. Furthermore, on-farm diversification in the form of crop diversification was a livelihood strategy
to adapt to climate shocks [53]. According to previous studies, there were various types of plant diver-
sification, including multiple cropping, intercropping, relay cropping, and sequential planting [54,55].
Livestock potential had also been discovered in rice-based household economies. Intensive animal hus-
bandry through diversification of crop-livestock systems provided additional income for farming house-
holds in rural areas [56-58]. The diversification of livelihoods outside farming (off-farm diversification)
involved wage labor and entrepreneurship (land rent, agricultural machinery rental, and others). Diver-
sifying livelihoods beyond farming could be used to generate more income and addresses seasonal un-
employment [59]. This study used the diversification of agricultural livelihoods to provide additional

income through respondents' perceptions of rice farming households, as shown in Table 2.

2.3.3. Diversification of Non-Agricultural Livelihoods

The diversification of non-agricultural livelinoods was a new livelihood strategy to build better
assets (investment) in rural areas [8]. Furthermore, it was aimed at minimizing household variability,
mitigating the impact of losses from climate change, providing employment, generating additional in-
come [23,60,61], guaranteeing consumption expenditure [23,39], and reducing poverty rates [17]. Some
types of non-agricultural livelihood integration included tailors, trades, restaurants and food vendors,
basket weaving, ceramic pot makers, rope makers, GSM (Global System for Mobile) airtime voucher
sales, hairdressers, poultry raising, and others [46,62,63]. Diversification of non-agricultural livelihoods

was used in this study based on respondents' perceptions of rice farming households in terms of
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providing additional income and savings. The diversification as a part of endogenous variable constructs

of livelihood diversification is presented in Table 2.

Table 2. Description of Livelihood Diversification Measurement Indicators.

Endogenous la- Manifest varia- A _ Xand Y Core- Analysis
tent variables bles (Indica- Definition Parameters Scale Unit  lation I—!ypoth- Tools Reference
tors) esis
The level of di-
versity of liveli- (Multinomi-
ValuoofDiver. 0008 et it
wu):atlon Level working house- Entropy Index Ratio +/Sig coefficient: [26,35,64]
! hold members multiple lin-
and the number of ear models)
types of work
Livelihood Di- P The diversity of
P Diversification - S
versification (Y) of Agricultural ﬁ%ﬁg?g?{,ﬁ,‘ié&el" Likert scale Ordinal - _ -
Livelihoods (Y2) - ,qgitional income
The diversity of
Diversification n_on-_agricultural
of Non-Agricul-  livelihoods pro- Likert scale Ordinal - )

tural Livelihoods
(Ys)

vides additional
income and sav-

ings

2.4. Capital Corelation of Rice Farmer Households and Livelihood Diversification

Livelihood diversification was determined by a combination of the household capital of rice farm-
ers. Based on the results of empirical studies, there were three corelations between the household capital
of rice farmers and livelihood diversification. These included the household capital of rice farmers to
the value of livelihood diversification level, as well as agricultural and non-agricultural livelihood di-

versifications.

2.4.1. The corelation of household capital of rice farmers to the diversification of agricultural live-
lihoods

Household capital had a positive corelation and a significant effect on the diversification of agri-
cultural livelihoods. Human capital included the age of household members [34], skills on the job
[35,37], and farming experience [65]. Social capital included trust (honest, orderly, and cooperative
behavior), networking (bonding/homogeneous community ties with family/friends/neighbors and bridg-
ing/heterogeneous community corelations with various communities) [33,37], and land tenure institu-
tions [66]. The natural resources included the availability of water and water sources, decreasing land
control [35,67]; topographic conditions [15], climate change [34,68], environmental services [21], and
biodiversity [21,55]. Physical capital was in the form of infrastructure of roads, markets, irrigation,

communication networks, internet networks [47], agricultural tools and machinery, as well as access to
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agricultural technology [69] Furthermore, financial capital included a source of income [18], remittance
[68], credit access [11,47,68], and sources of capital [49].

2.4.2. The corelation between the household capital of rice farmers and the diversification of non-
agricultural livelihoods

Household capital had a positive corelation and a significant effect on the diversification of non-
agricultural livelihoods. Human capital included age [35,70], skills on the job [41], and farming experi-
ence [25,65]. Furthermore, social capital [33] was in the form of trust (honest, orderly, and cooperative
behavior), networking (bonding/homogeneous community ties with family/friends/neighbors and heter-
ogeneous bridging/community corelations with various communities) [37], and land tenure institutions
[66]. Modal nature [33] included water availability and water sources, land ownership area [25,40],
climate change [71,72], environmental services, and biodiversity. Physical capital was infrastructure and
conditions (roads, markets, etc). [37,42], agricultural tools and machinery, as well as access to agricul-
tural technology (communication networks) [41,43]. Financial capital included sources of income [42],

livestock [40], remittance [73], credit access [60], and sources of capital [74,75].

2.4.3. The corelation of household capital of rice farmers to the value of the level of livelihood
diversification

The combination of household capitals of rice farmers had an impact on the value of livelihood
diversification level. Based on the results, human capital, such as the age of the household head had a
negative corelation with the entropy index [27]. This indicated that the elderly experienced a decrease
in labor productivity, and livelihoods were more directed towards agriculture. Furthermore, farming
skills had a positive corelation and significant effect on the entropy index [35]. Based on this finding,
the skills possessed were very diverse on the farm, and they could diversify the farming of various types
of crops in the respective fields. The diversification of agricultural livelihoods could be wage labor,
which involved working outside the farm on land owned by others. Natural capital, such as land tenure
had a negative and weak corelation [27]. This indicated that the wider the control and exploitation of
land, the more specialized the types of plants cultivated. This was because the costs of production were
high, and labor was higher compared to monoculture. This study used the entropy index of respondents
of rice farming households. The other paddy farming households were consistent with previous studies

on the effect of household capital on agricultural and non-agricultural livelihoods, as shown in Table 2.
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Figure 2. Conceptual Model of Household Livelihood Diversification

Based on findings, empirical studies formed a theoretical concept model of diversification of rice
farmer household livelihood. The conceptual model was formed from the constructed exogenous latent
variable constructs of rice farmer household capital and endogenous latent variable constructs of liveli-
hood diversification. The theoretical concept of this model aimed to provide answers to the hypothesis
of the study objectives, as shown in Figure 2. The provisional estimation was that the capital construct

of rice farmer households had a significant influence on the construct of livelihood diversification.

2.5. Sampling Techniques, Number of Samples, and Data Sources

The respondents from rice farmer households were selected using proportional simple random
sampling. One Farmer Group Association (Gapoktan) was randomly selected using an Excel program
from each village represented based on a location determination. Gapoktan were represented by Junti
Rahayu Association in Juntinyuat Village (Eastern region), Beberanjaya Association in Indramayu Vil-
lage (Central), and Setia Karya Association (Western). The three farmer groups (Poktan) were randomly
selected using an Excel program from each Gapoktan. Poktan were represented by Poktan Sejahtera,
Srijunti, and Mawar in Gapoktan Junti Rahayu (Eastern region). Jembulu, Kupu Jaya, and Karangasem
Poktan were representatives in Beberanjaya Association (Central region). Meanwhile, Poktan Tani
Subur, Luwih Makmur, and Tani Makmur were found in Gapoktan Setia Karya (Western region). The
sample population of this study consisted of members of nine farmer groups. The sample size of re-
spondents was determined proportionally from each number of farmer group members, and the calcula-
tion results produced 214 participants. The participants from the rice farming households had a mini-
mum paddy field area of 0.5 hectares. Primary data were obtained with the survey method using struc-
tured questionnaires from rice farmer households. Other data were obtained from observations of re-

spondents and their environmental conditions.
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2.6. Data Model Analysis

The study model data were evaluated with the SEM-PLS (Structural Equational Modelling-Partial
Least Squares) method using SmartPLS software tool version 3.0. Furthermore, the data were evaluated
in two stages, namely evaluation of the measurement model (outer model) and structural model (inner
model) [76].

2.6.1. Partial Least Square

The data analysis was carried out using the Structural Equational Modelling-Partial Least
Squares (SEM-PLS) SmartPLS program version 3.0. The program was used to test the corelations or
predictive influences between constructs in high complexity, as well as to develop theories. The ad-
vantages of the SEM-PLS method SmartPLS program version 3.0 included being independent of the
normality of the data measurement scales, the number of samples ranged from 30 to 100 (most the better),
the corelation of indicators could be used in the form of reflective type and formative type, latent variable
scores were explicitly estimated, and optimal implications for prediction accuracy. However, this
method was limited by its ability to only read data in csv (comma delimited) form [76,77].

The stages of analysis using the SmartPLS program version 3.0 included designing structural mod-
els (inner models), designing outer models, compiling path diagrams, converting path diagrams into
equations, estimating parameters, evaluating models, and testing hypotheses. The formulation of the
structural model could be specified [76] as follows:

nj = ijYi& * G (3)

Where (n;) is an endogenous latent variable, along the index range i, y;; (Jamma) is the coefficient
of the pathway connecting the endogenous latent variable of livelihood diversification (;) with the
latent variability of exogenous household capital of rice farmers (§;). A parameter ¢; is the residual

inner variable. The reflective corelation in this study indicated that indicators were reflections or mani-
festations of their latent variables. Indicator assumptions Xj; and Yij; were a linear function of its latent

variable. The measurement model equation (outer model) [77] is written as follows:
Xij = Nij&i + 6 (4)
Yij = Nijni + &j (5)
Where Xij is a manifest/indicator variable on an exogenous latent variable (1), Y1j is a mani-
fest/indicator variable on an endogenous latent variable (1i), Aij is the loading factor coefficient for

exogenous and endogenous latent variables, dij is the measurement error on the manifest
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variable/indicator for exogenous latent variables, and €ij is the measurement error on the manifest/indi-
cator variable for endogenous latent variables. Assumptions from measurement models where E(g) =0,

E(0) =0, € does not correlate with 1, &, and d. Similarly, & does not relate with n, &, dan €.

2.6.2. Evaluation of the Measurement Model (Outer Model)

The evaluation of the indicator measurement model involved three stages [76,77], namely: 1) con-
vergent validity (item reliability, internal consistency or composite reliability, average variance ex-
tracted), 2) discriminant validity, and 3) collinearity statistics.

Convergent validity measured the magnitude of the correlation between constructs and latent var-
iables or the extent to which the indicator could explain the dimensions. The greater the convergent
validity value, the greater the ability of the indicator to carry out the latent variable. Convergent validity
was tested based on three factors, including item reliability (validity of each indicator), composite reli-
ability, and extracted average variance (AVE).

The reliability items were tested based on the value of goods from the standardized loading factor
(SLF). The value of the loading factor referred to the magnitude of the correlation between each meas-
urement item (indicator) and its construct. Furthermore, the SLF value of > 0.7 was considered to be
ideal, where the indicator was declared valid to measure the construct formed. SLF values of > 0.5, <
0.5, and < 0.4 were declared acceptable, excluded from the model [77], and unsuitable, respectively [78].
The squared value of the loading factor was known as commonalities. The value of commonalities in-
dicated the percentage e construct and described the variance present in the indicator.

Composite reliability was carried out to assess the internal consistency, and the construct was
measured using the specified indicator. The statistics used to assess composite reliability included
Cronbach’s alpha and D.G. rho (PCA) [79]. Cronbach's alpha and D.G rho (PCA) limit values of > 7.0
indicated the presence of high reliability of the measuring instrument. The limit value of composite

reliability (C.R) > 0.8 was declared very satisfactory [76]. The Composite Reliability (CR) formula was:

_ a2
CR= (BAD)2+(ei) ©)

Where CR is composite reliability, > Ai is the sum of the loading factors to-i, and &i is the residual

measurement indicator for variable to-i.

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353



Average Variance Extracted (AVE) was the average value of variance described by the construct
items. AVE standard value of at least 0.5 indicated that the construct had good convergent validity. A
good convergent validity showed that the latent variables could account for more than half of the vari-
ance of the indicators [78]. Furthermore, the AVE value was obtained from the sum of the squares of

the loading factor divided by the error. The formula of Average Variance Extracted (AVE) is:

Y Ai2
YAi2+ Yei )

AVE =

Discriminant validity was carried out to ensure that each indicator in the latent variable construct

had a higher loading factor compared to other constructs. Furthermore, the value was calculated for each

indicator of the contract. The measure of discriminant validity was that the root value of AVE must be

higher compared to the correlation between the constructs. The value of AVE must be higher than the
square of the correlation between constructs [77].

Inspection of the assumption of collinearity statistics was performed to assess whether there were

symptoms of multicollinearity. Furthermore, multicollinearity was a symptom of two or more exoge-

nous constructs having a high corelation (correlation), leading to low model predictability. The multi-

collinearity in SmartPLS referred to the collinearity statistic, measured by Variance Inflated Factor

(VIF). A VIF standard value of at least 10.0 was considered ideal [79].

2.6.3. Structural Model Evaluation (Inner Model)

Structural model evaluation (inner model) aimed to evaluate the corelation between latent varia-
bles. Furthermore, could evaluate from the path coefficient, R-square, and Goodness of Fit (GoF) Index.
Structural models had evaluated for feasibility by looking at the significance of corelations between
constructs. The magnitude of the strength of the corelation between constructs could be seen in the path
coefficient value. The t-test value or critical ratio was obtained from the path coefficient through the
bootstrapping process (resampling method). The advantage of the bootstrapping process from the path
coefficient could be used for freely distributed data [78]. The study hypothesis on structural models had
missed path coefficients. The significance of the study hypothesis could be seen from the effects between
exogenous latent variables and endogenous latent variables marked by Ho: yi = 0 (receive Ho) or Hi: yi

# 0 (accept Hy).
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The coefficient of determination (R-square) or R? was used to determine the magnitude of the
endogenous construct described by the exogenous construct. Criteria R-square values ranged from 0.67
(strong), 0.33 (moderate/moderate), to 0.19 (weak) [77]. The higher the R? value, the better the predic-
tion model.

The Goodness of Fit (GoF) index was a single measure for validating measurement and structural
models. The GoF value was obtained from the root of the average communalities index value multiplied
by the average R? value of the model. Furthermore, the value of commonalities was determined from
the square of the loading factor. Communalities referred to the percentage of constructs used to explain

the variance in the indicators. The GoF index formula [78] was:

GoF = ,/Average COM x Average R? (8)

3. Results
3.1. Evaluation of the Inner Model

Evaluation of measurement models on indicators included checking individual item reliability,
internal consistency or composite reliability, average variance extracted, and discriminant validity.

3.1.1. Reliability Item

Figure 3 showed that all loading factors were above 0.5, indicating that there was no need for
allowance (Table A in Appendix A). Apart from showing the validity of the items of each indicator, the
loading factor also indicated the number of contributions of each variable manifest to its variables. The
variable capital of rice farmer households was described in 5 dimensions, including human, social,

natural, physical, and financial capital.

Y1

va

Figure 3. Standardized Loading Factor Inner and Outer Model.
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The indicator in the human, social, natural, physical, and financial capital dimensions with the
highest loading factor was farming skills (X1.3) (0.717), social networking (X2.2) (0.809), climate change
(X 3.3) (0.0876), agricultural equipment and machinery (Xa42) (914), and source of capital (Xs3) (0.919),
respectively. Among the five dimensions, the loading factor of physical capital (X4) (0.941) and natural
capital (Xs3) (0.915) had more contribution to the household capital of rice farmers. The variable of
livelihood diversification in the indicator that was greater than the loading factor was the value of live-

lihood diversification level (Y1), namely 0.873.

3.1.2. Composite Reliability and Average Variance Extracted (AVE)

All dimensions of both the exogenous latent variable of household capital and the endogenous
latent variable of livelihood diversification obtained a composite reliability value above 0.7, as shown
in Table 3. This indicated that all factors had good reliability as a measuring instrument. Furthermore,
the average variance extracted (AVE) was above 0.5 for all dimensions in the exogenous latent variable
of household capital and endogenous latent variable of livelihood diversification (Table 3). Both con-
structs had good convergent validity, and the latent variable could explain more than half of the vari-
ance of its indicators.

Table 3. Composite Reliability and AVE Results.

Code Dimensions/Variables AVE Cor!‘p‘?s.'te

Reliability
X1 Human capital 0.560 0.734
X, Social Capital 0.632 0.774
X3 Natural Capital 0.570 0.867
X4 Physical Capital 0.781 0.915
Xs  Financial Capital 0.781 0.914
Y Livelihood Diversification 0.664 0.855

3.1.3. Discriminant Validity

The reflective measurement was evaluated through a discriminant validity test based on cross-
loading values. Based on Table 4, the discriminant validity or loading factor for age (X 1.1) was 0.647.
The correlation of age indicators (X1.1) was higher on human capital (X1) compared to social (X2),
natural (Xs), physical (X4), financial capital (Xs), and degree of diversification (Y), with a correlation
of 0,191, 0,293, 0,275, 0,233, and 0,384, respectively. The correlation of trust indicators (X2.1) was
higher on social capital (X2) (0.781) compared to human (X1), natural (X3), physical (X4), financial
capital (Xs), and degree of diversification (Y), with a correlation of 0,149, 0,522, 0,576, 0,383, and
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0,315, respectively. All indicators had a higher correlation with their latent variables compared to other

variables. This indicated that the indicator placed on each variable was correct.

Table 4. Discriminant Validity Results

Code X1 X2 X3 X4 X5 Y
X1.1 0.647 0.191 0.293 0.275 0.233 0.384
X1.2 0.713 0.181 0.214 0.272 0.277 0.444
X1.3 0.717 0.341 0.441 0.499 0.471 0.408
X2.1 0.149 0.781 0.522 0.576 0.383 0.315
X2.2 0.425 0.809 0.389 0.494 0.596 0.541
X3.1 0.246 0.378 0.629 0.510 0.463 0.324
X3.2 0.353 0.320 0.669 0.536 0.567 0.456
X3.3 0.435 0.548 0.876 0.726 0.665 0.442
X3.4 0.393 0.449 0.833 0.655 0.579 0.384
X3.5 0.376 0.430 0.738 0.743 0.462 0.282
X4.1 0.469 0.668 0.699 0.857 0.659 0.558
X4.2 0.513 0.585 0.726 0.914 0.649 0.543
X4.3 0.443 0.530 0.817 0.879 0.741 0.485
X5.1 0.397 0.497 0.722 0.688 0.899 0.511
X5.2 0.394 0.566 0.457 0.550 0.831 0.548
X5.3 0.534 0.585 0.723 0.789 0.919 0.623
Y1 0.527 0.504 0.477 0.572 0.582 0.873
Y2 0.462 0.376 0.333 0.434 0.455 0.722
Y3 0.451 0.436 0.398 0.440 0.506 0.843

3.2. Structural Model Evaluation

3.2.1. Path Coefficient

The t-test was generated from the bootstrapped path coefficient. Uji t was used to determine the
significance of the effect of farmer household capital on livelihood diversification in Indramayu District,

as presented in Figure 4 and Table 5, Based on the findings, there was no need for allowance (Table A

in Appendix A).

Figure 4. T-Value Inner and Outer Model
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Table 5. Results of Path Coefficient of Direct Influence

Original Standard Error T-Statistics p-Value R-Square
sample (O) (STERR) (IO/STERR) q
X2>Y 0.664 0.053 12.636 0.000 0.441

The results of the t-test analysis in Table 5 showed that the t-statistics was 12.636, which was less
than the t-table of 1.96 at a significance level of 5 percent. The p-value was 0.000 < a confidence level
of 5 percent (a=0.05), indicating the rejection of HO and acceptance of H1. Based on this finding, there
was a significant influence of the household capital of rice farmers on the diversification of livelihoods.
A positive path coefficient indicated that the higher the household capital of rice farmers, the higher the
livelihood diversification.

3.2.2. R-Square

The R-square value of 0.441 in this study was moderate, indicating that the model was good, as
shown in Table 5. The effect of the household capital of rice farmers on livelihood diversification was
44.1%, while the remaining 55.9% could be attributed to factors outside the model.

3.2.3. Good of Fit (GoF)
The goodness of Fit (GoF) was used to validate the model as a whole. The calculation results in

Table 6 showed that the GoF value was 0.541, which was obtained through the square root of the mean
multiplication of R-Square with the mean commonalities value as shown in Table 6. GoF values above
0.33 were categorized as moderate or moderately good, indicating that the model had conformed to
empirical data.

Table 6. GoF Results.

R Square The Value of Communality
Y 0.441 0.644*

GoF 0.541
Note: * (Table B in Appendix A)

After the measurement and structural models were declared valid, the reliability equation of the
structural model with the magnitude of the R-Square influence of 44.1% is presented below:
Y=10,664X + (9)
This equation had interpreted as livelihood diversification is a life strategy in Indramayu District,

which it had influenced by the household capital of rice farmers.

4. Discussion

The analysis results of the livelihood diversification model of rice farmers in Indramayu District
showed that household capital had a positive and significant impact on livelihood diversification. This
finding was consistent with [80] that all household capital (human, social, natural, physical, and finan-

cial capital) positively and significantly impacted living strategies. Another study by [5,33] stated that
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to reach livelihood diversification, the ability to combine the available household capital was essential.
The more complete capital components combined, the higher the value given by the capital, leading to
higher livelihood diversification.

This discussion focused more on the loading factor result as an indicator of the highest contribution
in all capital dimensions of latent exogenous variables in this study, hence it is statistically recommended
to be prioritized. The order of capital dimension with the highest contribution to rice farmer household
capital as the exogenous latent variable (X) was physical (Xa4), natural (X3), financial (Xs), social (X2),
and human capital (X1). The livelihood diversification index (Y1) was the best indicator of diversifica-
tion as an endogenous latent variable (). Based on this finding, to fix the livelihood diversification, the
improvement of the index must be prioritized.

The physical capital dimension value (X4) on household capital of rice farmers (X) could be im-
proved by alternatively prioritizing farming tools and machinery indicators (Xa42) due to their ability to
give the highest contribution. The repair of farming tools and machinery as physical capital to increase
the household capital variable was effective in increasing the livelihood diversification variable. Rice
farmers in Indramayu District only had simple farming tools and machinery, such as hoes, sickles, chop-
pers, kenca (rice spacing tool), handsprayers, gebotan (simple grain and straw separator), pumping ma-
chines, tractors, and grabagan (grain and straw separator machine), to increase their farm production.
According to [81], the adoption of machinery was the determinant factor of rice production. [82] also
stated that the use of machines in mechanizing production could save time, increase production, decrease
unemployment, increase income, as well as increase consumption and food safety. The simplicity of
owned farming tools led to the utilization of leisure time for off-farm activities, such as renting farming
tools and machinery or freelance farming, aside from on-farm diversification for additional income. As
studied by [83], female participation in off-farm activities was more dominant compared to males who
tended to participate in on-farm activities to decrease labor scarcity. Therefore, it was crucial to improve
and increase the ownership of farming tools and machinery to reach livelihood diversification for addi-
tional income.

Climate change indicator (X3.2) had the highest contribution to the natural capital dimension (X3)
in increasing rice farmer household capital variable (X). Rice farmer households, in facing the impact

of extreme climate, carried out non-farm part-time jobs around Indramayu District to survive and
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improve household welfare. Furthermore, they depended on skills and experiences, such as construction,
trading, and carpentry. This was consistent with [84], that part-time farmers and poor farm laborers
tended to be resilient in facing extreme climate change due to their vast source of income, and ability to
migrate to non-farm jobs. Rice farmer households also harvested horticultural products with high eco-
nomical value, such as cauliflower, red onion, chili, watermelon, and melon in Indramayu District. This
was supported by [85], that harvesting these products could lower the risk in production. According to
[86], farming diversification in the form of crops and commercial plants could become a safety net
during uncertain weather conditions, which caused fluctuation in price. Therefore, it was important to
improve the skills and knowledge of rice farmer households in facing fluctuating climate through farm-
ing instructors.

Financial capital dimension (Xs) could increase rice farmer household capital variable (X) in In-
dramayu District by prioritizing the increase in capital source indicator (Xs3). Loans that were easy, fast,
and based on agreement, were one of the main capital sources. Furthermore, loans were often obtained
from family, relatives, neighbors, friends, wholesalers, loan sharks, or farm stalls. Apart from loans,
government aid was another source in the form of nature, such as rice seeds, liquid organic medicines,
and fertilizer subsidies. As stated by [11], farm credit or loans positively and significantly impacted farm
livelihood diversification towards off-farm activities, such as working as farm laborers, or entrepreneurs
by renting farming tools and machinery. Rice farmer households in Indramayu District tended not to
take loans from banks due to their belief that these institutions had complicated terms and conditions,
prolonged processes, one-sided payment methods, and low compliance with the agreement. Furthermore,
the interest and liabilities required were considered rather arduous. This kind of loan was often obtained
by rice farmer households to diversify their livelihood towards non-farm activities, such as gravestone
making, selling in the market, selling phone credits, or engaging in game rentals. [37] stated that formal
credits positively and significantly affected non-farm livelihood diversification in rural areas. This indi-
cated that it was important for banks to adjust their loan system based on the conditions and ability of
rice farmer households in these rural areas, such as adjusting the amount of loan to the real-time cost
and input needs or agreeing to repayments at the end of each harvest period.

Prioritizing the increase of social networking indicator in social capital (X2) was required, as it

had the highest contribution (X2.2) in increasing rice farmer household capital (X) in Indramayu District
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and livelihood diversification. This was carried out by maintaining good corelations with family, neigh-
bors, friends, and land tenure agencies. This good association was built from acquaintance and trust
between individuals and social institutions, thereby strengthening humans to reach other capitals. [87]
stated that social infrastructures, such as trust, joint actions, as well as social networking could
strengthen the society as a social capital. As maintained by rice farmer households in Indramayu District,
the good corelation opened access to trust, information, as well as capital for livelihood diversification,
both for farming and non-farming activities. Farming land tenure agencies showed trust by giving leases,
profit sharing, mortgages, and labor as forms of continuity guarantee of on-farm livelihood diversifica-
tion. This was consistent with [88] finding that social capital, through bonding and bridging had been
empirically proven to decrease the severity of poverty.

Donation of human capital dimension (X1), by prioritizing farming skills (X1.3) could increase rice
farmer household capital (X). Human labor was one of the resources that supported the agribusiness
model [89]. The increase in farming skills of the head of the family could increase the capital, and
facilitate diversification?. Over the years, farming skills were often inherited by the head of the house-
hold, either from parents, friends, instructors, or even self-obtained. The farming skills implemented to
diversify farming livelihood included utilization of an on-farm crop rotation system (rice-rice-other
crops), intercropping on the same land (tomato, red onion, cucumber), as well as integrating rice and
cows as crops and cattle. Off-farm activities using farming tools and machinery were also carried out by
rice farmers in their spare time to diversify livelihood. Professional operators could get high wages by
having the skill to operate farming tools and machinery. According to [90], off-farm operators were
highly demanded in America with promising wages. Farming skills must be improved through the use
of the internet, technology, and communication innovations. This was aimed at broadening their insights
regarding several issues, from the quality and price of seeds, fertilizer, and pesticides, cultivation tech-
niques for each type of plant, to the target market and its marketing. Therefore, these skills need to be
improved through technical guidance by farming instructors from government programs regarding com-
mercial plant diversification, training on the usage of modern farming tools and machinery, as well as
the provision of internet facilities in rural areas.

The indicator of the livelihood diversification index (Y1) provided the best information on the

endogenous latent variable of livelihood diversification (Y). The index was the value of the entropy
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index, which measured the distribution of household members working on various livelihoods (on-farm,
off-farm, and non-farm). The diversification index of rice farmer households in Indramayu District was
about 1, showing equal distribution of members working in various professions. However, the mean
index was relatively quite low in all households, being approximately 0.33. The higher the value ob-
tained in a family, the better their welfare [19]. Based on these findings, it was essential to increase the
index to achieve better welfare. The role of both central and local government was important, by opening
new jobs in the non-farm sector or giving technical guidance to households having small businesses
until they succeed in the market.

The aforementioned issues in increasing rice farmer household capital must be prioritized by the
government of Indramayu District in making policies. The support and attention from the central and
local governments were needed, specifically in the local government’s commitment to aiding access to
livelihood diversification of rice farmer households. The implementation priority in this study was to (1)
give proper farming tools and machinery based on location as well as technical guidance until success
was achieved during usage, (2) train households to diversify crops and cattle to anticipate climate change,
(3) aid financial capital through government banks by giving easy terms and conditions as well as ad-
justing loan based on real-time annual production input cost and the size of cultivated land, (4) aid social
networking to land tenure agencies by giving access to governmental land as usable land, and (5) im-
prove farming skills holistically by providing technical guidance, such as training in governmental pro-
grams, and facilitate internet network.

This study had several limitations, such as rice farmer household capital affecting livelihood di-
versification by only 44,1%, while numerous other factors could also affect the variable in this structural
model. Furthermore, the farm and supportive institution variable could be added to help and support rice
farmer households to increase their capital. This indicated that a more holistic explanation regarding

livelihood diversification could be provided in the next structural model of study.

5. Conclusion
In conclusion, this study showed that rice farmer household capital positively and significantly

affected livelihood diversification in Indramayu District. The indicators that must be prioritized from
each capital to facilitate diversification in descending order included farming tools and machinery (phys-

ical), climate change (natural), capital source (financial), social networking (social), and farming skills
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(human). The livelihood diversification index was also prioritized for improvement to increase the rate
at which the household diversified. Future studies related to farm and supportive institution variables
were encouraged to support rice farmer household capital in affecting livelihood diversification, thereby

leading to a bigger effect in the model.

6. Patents

Author Contributions: Conceptualization, WA; methodology: WA, EW; software: WA formal anal-
ysis: WA, survey: WA writing — original draft: WA; writing — review & editing: EW, LS, and TIN; All

authors have read and approved published manuscript.

Appendix A

Table A. Results of SmartPLS analysis of measurement models and structural models.

. . Original Standard VIF
Variable mani- L . T-Value
fest/Indicator Description Sampel Deviation (O/Stdev) (outer
(O) (Stdev) model)
Rice Farmers’ Household Capital (X)

X1 Human Capital 0.633 0.050 12.758 -

X11 Age ofhousehold | o/ 0.106 6.088 1.417
head

X Experience of 0.713 0,095 7.495 1.449

2 household head ' ' ' )

Skills of house-

X 0.717 0.083 8.689 1.027

t hold head

X2 Social Capital 0.734 0.032 22.905 -

Xa.1 Trust 0.781 0.034 22.827 1.075

Xa.2 Social network 0.809 0.033 24.887 1.075

X3 Natural Capital 0.915 0.011 79.800 -
Water and water

Xs1 0.629 0.043 14.612 1.355
sources

X32 Land 0.669 0.035 19.313 1.447

X33 Climate change 0.876 0.019 46.024 2431
Envi tal

X34 nw_ronmen 8 0.833 0.026 32,575 2.286
services

X35 Biodiversity 0.738 0.044 16.773 1.741

Xa Physical Capital 0.941 0.007 134.942 -
Infrastructure and

Xa1 . . 0.857 0.033 26.331 1.984
its conditon
Agricultural tools

Xa2 grict u. 0.914 0.010 94.108 2.780
and machines
Access to Agri-

Xa3 cultural technol- 0.879 0.017 52.164 2.208
ogy

Xs Financial Capital 0.890 0.011 83.580 -

Xs.1 Sources of income 0.899 0.014 66.356 2.461

Xs.2 Credit access 0.831 0.025 33.660 1.841
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Variable mani- Description 22;3'”;' I?):ri]:tail:): T-value (c:fjlt':r
fest/Indicator P P (OfStdev)
(O) (Stdev) model)
Xs3 Sources of capital 0.919 0.010 94.440 2.658

(Original Samp

Livelihood Diversification (Y)
el=0,664; Standard Deviasi=0,053;

T-statistik=12,636; R-Square=0,441)

Y1

Assess the degree
of diversification
of livelihoods

0.873

0.014

61.778

1.776

Y2

Diversification of
agricultural liveli-
hoods

0.722

0.043

16.798

1.276

Y3

Diversification of
non-agricultural

livelihoods

0.843

0.023

37.126

1.769

Statement (perception): the household capital owned by lowland rice farmers can affect the diversification of livelihoods.
Scale 1 to 5, namely: 1=strongly bad, 2=bad, 3=quite good, 4=good, and 5=strongly good.

The value of the level of livelihood diversification (entropy index) (Y3), a scale of 1 to 4, namely: 1=does not occur until
diversification occurs very low, 2=low diversification, 3=moderate diversification, and 4=high diversification.

Statement (perception): how much influence does the lowland rice farmer's household capital have on the diversification of
agricultural (Y2) and non-agricultural (Ys) livelihoods carried out? Scale 1 to 5, namely: 1=very low, 2=low, 3=high enough,

4=high, and 5=very high.

Table B. Average Score of Communality

Variabel

Manifest X1 X2 X3 X4 X5 Y Square
X1.1 0.647 0.418609
X1.2 0.713 0.508369
X1.3 0.717 0.514089
X2.1 0.781 0.609961
X2.2 0.809 0.654481
X3.1 0.629 0.395641
X3.2 0.669 0.447561
X3.3 0.876 0.767376
X3.4 0.833 0.693889
X3.5 0.738 0.544644
X4.1 0.857 0.734449
X4.2 0.914 0.835396
X4.3 0.879 0.772641
X5.1 0.899 0.808201
X5.2 0.831 0.690561
X5.3 0.919 0.844561
Y1 0.873  0.762129
Y2 0.722  0.521284
Y3 0.843  0.710649
Jumlah 12.23449
Rata-rata Communality Index 0.643921
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