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Food security and livelihood vulnerability are important issues for the economic
sustainability of developing countries like Bangladesh. This study examines the
influence of total factor productivity (TFP) on the livelihood vulnerability and food
security of rice farming households in Bangladesh. Data from 1,841 rice farming
households were extracted from the Bangladesh Integrated Household Survey
(2015 and 2018) conducted by the International Food Policy Research Institute.
Various statistical methods, such as the stochastic frontier model, principal
component analysis, path analysis using structural equation modeling, and
multivariate regression, were employed to analyze the data. The study utilizes
a multivariate modeling approach that combines the stochastic frontier model
to determine TFP and sophisticated methodologies to estimate the livelihood
vulnerability index (LVI) and women'’s empowerment in agriculture index (WEAI).
The LVI, household dietary diversity Score (HDDS), TFP, and WEAI scores were
0.454, 10.72, 0.703, and 0.717, respectively. The results indicate a significant
relationship between TFP and both LVI and HDDS. Higher TFP is associated
with lower LVI and higher HDDS among rice farming households, suggesting
that improving TFP can enhance food security and reduce vulnerability. The
multivariate regression analysis reveals that TFP, household wealth index,
women’'s empowerment in agriculture index, per capita food expenditure,
household level welfare, and household size have a positive significant
impact on HDDS, while TFP is negatively associated with LVI, per capita food
expenditure and household size. The findings underscore the importance of
increasing TFP to improve food security, reduce livelihood vulnerability, and
achieve sustainable development goals in countries like Bangladesh. Higher TFP
yields positive outcomes regarding household dietary diversity and livelihood
vulnerability, highlighting the need for agricultural policies that prioritize TFP
enhancement. Policymakers and professionals can use these findings as a
roadmap to implement advanced agricultural policies to achieve food security
and reduce livelihood vulnerability. Improving household dietary diversity and
reducing livelihood vulnerability can be achieved by focusing on increasing
TFP, enhancing household wealth, women's empowerment, per capita food
expenditure, household welfare, and household size. Therefore, increasing TFP
should be considered in the design of policies aiming to achieve SDGs Goal 2.
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1 Introduction

Bangladesh is primarily an agricultural country, and agriculture
is critical to the country’s rapid economic growth. Rice is Bangladesh’s
most important food crop, accounting for 75% of the cultivated area
(Ganesh-Kumar et al., 2012) and providing 48% of rural employment,
half of agricultural GDP (13.10% of total GDP), and approximately
75% of calories and 55% of protein consumed (Bhuiyan and Paul,
2004). In 2020, Bangladesh produced 465 million metric tons of rice
on approximately 158 ha of land. Despite the COVID-19 pandemic,
rice production has increased by approximately 38.70 million metric
tons with the help of timely governmental initiatives. The present
government has undertaken several innovative actions to further
increase rice production (by 47 million metric tons by 2030, by
54 million metric tons by 2040, and by over 60 million metric tons by
2050) by minimizing the effect of natural and environmental disasters,
including cyclones and floods (Ahmed, 2021). Furthermore,
Bangladesh’s economy is a developing consumer economy, with a
nominal GDP of USD 39 billion and a purchasing power parity of
USD 29 billion (WFP, 2009; Raiz and Rahman, 2016; Villoria, 2019).
However, it is confronted with major problems, including food
insecurity. Despite the fact that the country has achieved food self-
sufficiency, food insecurity affects a considerable number of people in
the country. Over the next 30years, rice output (a major crop in
Bangladesh) is expected to have tripled (Nazma and Saiful, 2012;
Hossain and Riad, 2021). Rice is the most consumed food in
Bangladesh, accounting for more than 70% of people’s daily calories
(Magnani et al., 2015). As a result, rice production self-sufficiency has
become synonymous with food security (Bishwajit et al., 2013).
Bangladesh has abundant quantities of key food crops, particularly
rice, which is the country’s staple diet (Nazma and Saiful, 2012;
Hossain and Riad, 2021). Food security is a global issue affecting all
of us, with one out of every nine people going hungry every day (WFP,
2020). Additionally, 2 billion people around the world suffer from
hunger owing to micronutrient shortages such as iron, vitamin A, and
zinc (Ritchie et al,, 2018). In Bangladesh, where overcrowding and the
deteriorating interaction between land and humans (Nazma and
Saiful, 2012) is making food security a major priority, food insecurity
is particularly acute (Parvin and Ahsan, 2013).

The ratio of total agricultural production to the total input of
land, labor, capital, and materials used in agricultural production is
known as total factor productivity (TFP). An increase in TFP
indicates that the growth rate of total production is faster than the
growth rate of total input use. TFP will vary based upon the
efficiency with which inputs are transformed into outputs. Several
studies have claimed that technological efficiency (TE) and the
extension of cultivable areas, rather than a technological shift, are
the primary contributors to TFP in agriculture (Mullen, 2007;
Block, 2010; Seaward, 2016). Previous research has mostly employed
cross-sectional data and the stochastic frontier approach to measure
TFP at the local level (Alemu et al, 1999; O'Donnell, 2008;
Christopher and O'Donnell, 2012; Wassie, 2019). Only a few studies
(Alam et al., 2011; Suphannachart, 2013; Kondo et al., 2017) have
examined the TFP of rice in Bangladesh, and none have examined
its impact on food security and livelihoods. We seek to shed light
on this important issue by analyzing the relationship between TFP,
food security, and livelihood vulnerability. We find empirical
evidence showing that increases in TFP contribute to food security
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and reduce livelihood vulnerability in Bangladesh. Our results
highlight the importance of formulating policies that enhance TFP
to alleviate hunger and achieve food security in Bangladesh. The
study’s novelty lies in its focus on analyzing the TFP of rice farming
households in Bangladesh and its direct impact on food security
and livelihood vulnerability. While previous studies have examined
TFP in relation to agriculture, there is limited research specifically
on TFP in the context of rice farming and its implications for food
security and livelihood stability. To address this gap, our study
adopts a multivariate modeling approach that combines a stochastic
frontier model to determine TFP, along with sophisticated
methodologies to estimate the LVI and WEAL By integrating these
variables and methodologies, our study provides a comprehensive
analysis of the interactions between TFP, food security, and
livelihood vulnerability, offering new insights into the relationships
within the context of rice farming households in Bangladesh.

The remainder of the paper is organized as follows. Following this
Introduction, Section 2 presents the conceptual framework followed
by the methodology adopted in this study in the Section 3. The results
are presented Section 4 and discussion is in Section 5. Finally, Section
64 provides the conclusions, including policy implications.

2 Conceptual framework

The conceptual framework (CF) provides a structured
approach to understanding how specific interventions lead to
desired outcomes. In the context of total factor productivity (TFP)
and its impact on food security and livelihood vulnerability among
rice farming households in Bangladesh, the CF illustrates how
improving TFP can positively affect these variables. The study
revealed significant relationships between TFP and indicators such
as the HDDS and LVI, indicating that TFP improvements directly
influence these variables.

Based on previous studies (Reddy, 2016; Dinesh et al., 2021;
Reddy et al, 2022), Figure 1 shows that the graphical representation
of the CF illustrates how TFP impacts both HDDI and
LVI. Increasing TFP through modern technologies and better
management practices enhances agricultural efficiency, leading to
improved HDDS and decreased LVI. Conversely, decreased TFP has
adverse effects. To enhance food security and livelihoods,
interventions should focus on boosting TFP through measures such
as agricultural training, technology access, infrastructure
development, and market integration. These initiatives increase
productivity, stabilize incomes, and diversify diets, ultimately
enhancing the well-being and resilience of rice farming
communities. Livelihood vulnerability is influenced by various
factors, including human capital, natural capital, social capital, and
financial capital of households or individuals (Liu et al., 2024).
Livelihood strategies are considered key determinants of livelihood
vulnerability. Households engaged in agriculture or other informal
occupations, compared to those with members in government jobs,
have lower HDDS, suggesting higher LVI (Kundu et al., 2021).
Additionally, households with members suffering from chronic
illness also experience higher levels of food insecurity and lower
HDDS, indicating increased livelihood vulnerability (Dirghayu
et al., 2023). This demonstrates an inverse relationship between
livelihood vulnerability and household dietary diversity. Households
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Conceptual framework: pathways to increase food security and livelihoods.

facing higher livelihood vulnerability, characterized by
socioeconomic disadvantages, tend to exhibit lower dietary diversity
scores, suggesting reduced access to various foods. The conceptual
framework presents an understanding of the pathways and
mechanisms through how TFP impact food security and livelihoods.
TFP, which reflects the efficiency of resource use in production, can
influence households’ overall productivity and economic well-being.
Conversely, LVI provides insights into the susceptibility of
households to external shocks and stresses, highlighting areas where
interventions are needed to enhance resilience. The HDDS is crucial
for assessing households’ nutritional status and food access, directly
impacting their food security. Moreover, the study emphasizes the
significance of factors such as women’s empowerment, access to
social safety nets, and wealth index in TFP analysis. Integrating
these factors into the framework ensures a comprehensive
understanding of the pathways toward achieving desired outcomes.
Policymakers and stakeholders can utilize this study as a roadmap
for implementing advanced agricultural policies in Bangladesh and
similar contexts.

3 Methodology
3.1 Data source

The study used the 2015 and 2018 Bangladesh Integrated
Household Survey (BIHS) administered by the International Food
Policy Research Institute (IFPRI). Data for 1,841 rice farming
households were extracted from a total of 5,603 households. The
BIHS provides nationally representative household survey data. The
IFPRI dataset is publicly available. The study used the IFPRI dataset
and hence did not require the approval of an institutional
review board.
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3.2 Variable description and assumptions

The measurements of response and predictor variables, as well as
their a priori expected signs according to economic theory, are
presented in Table 1.

3.3 Econometric methods

The impacts of TFP on rice farmers' HDDS and LVI are examined
using a mix of three econometric methodologies. First, a stochastic
frontier model was used to determine the TFP. Second, we used the
method of Hahn et al. (2009) and Alkire et al. (2013) to estimate the
LVI and WEAL, respectively. A multivariate regression model was
utilized in the third stage, with LVI and HDDS as response or outcome
variables, which are explained by TFP and other predictor variables
listed in Table 1.

We measured TFP at the farm level as the residual from the
production function (Baily et al, 1992; Neil et al, 1992;
Bartelsman and Dhrymes, 1998; Seker and Saliola, 2018).
We estimated household TFP as a multiplicative combination of
change in technical efficiency (EC) and technical change (TC),
where TE is:

TE; = E[exp(-Us )/ (Vi =Us) | 1)

Equation (1) can be used to compute the TE of production for the
ith farm in the tth year (Coelli et al., 2005). Here, Vj; are the error
components that are uncorrelated with the regressors, and Uj, are the
non-negative variables associated with technical inefficiency
in production.

EC; can be expressed as follows in Equation (2):
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TABLE 1 Description of response and predictor variables.

Definition Expected sign

Response variables

HDDS The household dietary diversity score
(HDDS) is a composite continuous variable.
It is measured as per Food and Agriculture
Organization (FAO) guidelines. Its score
ranges between 0 and 12. The HDDS is used

to represent food security status; higher

scores correlate with a better nutrient intake.

LVI The livelihood vulnerability index (LVI) is a
continuous variable which is measured
following methodology of Hahn et al.
(2009).

Predictor variables

WEAI The Women's Empowerment in Agriculture +
Index (WEAI) is measured using the Alkire-
Foster method. The WEATI score ranges
between 0 and 1. A score greater than 0.8
indicates empowerment. In our model, the

WEAI is a binary variable (empowered =1,

and 0 otherwise).

TFP Total factor productivity (TFP) is a +
composite variable. It is measured using a

stochastic frontier model.

PCFEP Per capita food expenditure (PCFEP) is a +
binary variable (food-secure household=1,

and 0 otherwise).

HWF Household welfare (HWF) is a continuous +/—
variable measured in terms of per capita

non-food expenditure (in Bangladesh Taka).

ASSNT Access to social safety net (ASSNT) is a +/=

binary variable (access=1, and 0 otherwise).

Occup Occupation (Occup) is a binary variable. If +/—=
the main occupation is farming it takes the

value of 1, and 0 otherwise.

Hsize Number of people in a household. +/—

HWI The household wealth index (HWI) is a +

continuous variable.

TEy

ECy = 2

is

where TE; :d(l)(X% )andTEis = (I)S(XiS/Y )
it IS

1 X;
(1)
Here, the notation ° Yy represents ¢ period observations and

_ gls( Xis
T Eis =dy Y . . X
is ] represents s period observations. X is denotes
the input variables.

TC quantifies the change in the border input distance function,
regardless of where the input distance functions for states outside the
frontier are located, as expected. The index of technical change (TC,)
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can be derived directly from the estimated parameters of the stochastic
production frontier model between two neighboring periods s and ¢.
The partial derivatives of the production function are evaluated with
respect to time at X;, and X;. The geometric mean is calculated after
converting these into indexes. The technical change index is calculated
as follows in Equation (3), following Coelli et al. (2005):

0.5
TCy = {1+SI(XiS’S’ﬂ)}X[I-r6J(Xit’s’ﬂ)} 3)
oS 68

Therefore, we arrive at TFP in Equation (4):

TFF; = ECy *TCy 4

The HDDS is a snapshot of a family’s capacity to access a range of
foods based on their financial situation (Kennedy et al., 2010; Headey
and Ecker, 2013). It has previously been employed as a proxy for food
access in the home as part of the Food and Nutrition Technical Assistance
Project (FANTA) (Swindale and Bilinsky, 2006). The score was calculated
by aggregating the number of days that households consumed at least
one item from each of the 12 specified food groups in the previous 7 days
(Sibhatu et al,, 2015). The range of the HDDS is from 0 to 12.

The HDDS is written as follows:

HDDS (0-12)=Y(A+B+C+D+E+F+G+H+I+J+K+L)

The HDDS indicator is calculated over a 7-day recall period using
12 food groups: cereals; pulses; fruits, vegetables; edible oil; meat, eggs,
and milk; fruits; large fish; small fish; spices; drinks and beverages; and
other foods produced outside the home. The values for A to L can
be 0 or 1.

The HWI is a composite variable created using principal
component analysis (PCA). Variables for household land, assets, and
productive assets, as well as home amenity ownership indicators, were
included in the PCA model. Among the vital commodities are a car,
motorcycle, bicycle, radio, gas cooker, sewing machine, bed, and cell
phone, as well as livestock (Mutisya et al., 2016). Formally, the HWI
for household i is the following linear combination in Equation (5):

et e e [
i 2 k

where )Tk and Sy, are the mean and standard deviation of asset X},

, respectively, and a represents the weight for each variable X} for the
first principal component. X} are the household current assets,
household-level productive assets, and livestock value.

The farmers’ LVI is a composite variable. The integrated indicators
approach established by Hahn et al. (2009) was used to measure it.
Based on previous research (Hahn et al., 2009; Gerlitz et al., 2017; Adu
et al., 2018; Amuzu and Kabo-bah, 2018; Parker et al., 2019), the LVI
was derived from five major components, including social capital
(group membership, access to NGOs, access to banks, access to
agricultural offices, access to input dealers, etc.), human capital
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(education, age, information, access to information), physical capital
(household assets, household agricultural productive aspects, mobile
access, access to water), financial capital (savings, loans, value of
livestock, ownership of plot), and natural capital (access to water
supply, amount of land, etc.). Several observations are included in each
major component, with each sub-value component being determined
on a distinct scale. Each sub-value component was standardized into
an index (Hahn et al., 2009) as follows in Equation (6):

S — Smin

max — Smin

(6)

Indexg, =

Here, the mean value of the sub-component indicators is S,
whereas the minimum and maximum values are S.;, and S,
respectively. To obtain the index of each major component, the
sub-component indicators were averaged as follows in Equation (7):

n .
Zizlmdexgu

n

M, = (7)

where: M, is one of the five major components for region r (social
capital, human capital, physical capital, financial capital, and natural
capital); S,; denotes the sub-components that make up each major
component, which are indexed by i; and n is the number of
sub-components in each major component. Once the values for each
of the five major components for a region are calculated, they are
averaged using Equation (8) to obtain the region-level LVI:

n
zi=17WMiMri )

iV mi

LVI, =

where: LVI, denotes the mean value of the livelihood vulnerability
index; M,; denotes the value of one of the major components i; and
W, denotes the weights of each major component i.

It is worth noting that Equation (8) can be expanded as follows
through Equation (9):

LVI, =
WsppSDE, + WisLS, + Wy H, + WenSN, + W F, + Wy W, + Wypc NDCV,

Wspp +Wis + Wy +Wey + We + Wy + Wype

The WEAI was used to assess womens empowerment. The WEAI,
launched in March 2012 by the Oxford Poverty and Human
Development Initiative (OPHI), the United States Agency for
International Development (USAID), and the IFPRI, is a direct
indication of economic empowerment and gender parity at the
household and individual levels (Yang and Stanley, 2012; Alkire et al.,
2013). The multidimensional empowerment measurement, using the
Alkire-Foster method, helps to illustrate women’s accomplishments in
10 indicators and five empowerment areas (5DE). The opposite of
empowerment in these five areas is de-empowerment, which is computed
as follows using Equation (10):

SDE=1-M, (10)
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where M, is the overall disempowerment score, while 5DE is
measured using 10 indicators with their respective weights. Each sign
indicates whether or not a person is meeting their goals in that area.

Another unique component of the WEAI is the gender parity
index (GPI), which compares women’s and men’s empowerment
across the 5DE in the same household. It can be expressed as follows:

WEAI =0.90(5DE) +0.10(GPI ) (11)

where: 5DE is the degree of empowered women; and GPI is the
relative empowerment of women in the household, according to the
WEALI for gender empowerment in agriculture. The weights assigned
to the index are 0.9 for 5DE and 0.1 for GPL

Multivariate multiple regression model

We estimated the impact of TFP on HDDS and LVI using a
standard multivariate linear regression model. The functional form of
a multivariate regression model is given below in Equation (12):

0
Yosm = f(xnx(r+l)aﬁ(r+1)xm) + Enxm (12)
Wiy Y2 ... Hm £l €12 -+ Em
1 Yoo D €1 €2 ... &
where Y., = >Enxm 5
Ynl YnZ Ynm Enl En2 -ov Epm

n=1..,Nandm=1,.... M

[Bor Boz - Pom
0 | B Bz Pim
By = ol
_ﬁrl ﬁr2 ﬁrm
5|02 o2 2m andE(g(l-))zo
LOnl On2--- Onm

where: ¥, is a 1 x 2 vector of the response variables HDDS and
LVL; and Xpx(r-+1) 18 @ 2X 8 matrix of the predictor variables listed in
Table 1.

4 Results

4.1 Measuring the TFP of rice farming
households

Enhancing rice production efficiency so that maximum output can
be produced with the same number of inputs is crucial for improving
food security. To evaluate this, the efficiency of the TFP is utilized. This
is a measure of how well agricultural land, labor, capital, and materials
are used to generate an agricultural output, and the ratio of total
agricultural output to total production inputs is used to calculate it.
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When more output is produced from a fixed number of resources, TFP
increases, indicating that resources are being used more efficiently
(IFPRI, 2018). This contributes to the sustainable development of
livelihoods, which leads to increased food and nutrition security.
Household food security is far more difficult to achieve, as it is
influenced by agricultural production factors and numerous sources of
income and wealth that influence food purchases, as well as other
services, such as nutrition education, health, water, and sanitation
(Ragasa and Mazunda, 2018). TE, EC, TC, and TFP were estimated
using a stochastic frontier model. The results revealed technical
efficiencies of 0.637 and 0.646 in 2015 and 2018, respectively. This
indicates that rice farmers have opportunities to increase TE by 35% to
increase production with the same amount of inputs. The overall
economic efficiency was 1.29%, while TFP was only 70% (see Table 2).

Economic efficiency, which is a measure of the ratio between
technical efficiencies in different years, was calculated to be 1.287,
indicating the overall efficiency of production processes. The technical
change factor, showing the combined impact of technical efficiencies,
was found to be 0.627. The TFP was determined to be 0.703, signifying
the level of productivity achieved by rice farming households in
Bangladesh. This value reflects the efficiency of utilizing resources
such as land, labor, capital, and materials to generate agricultural
output. A higher TFP indicates a more efficient use of resources,
leading to increased agricultural productivity and potentially
improved food security and livelihood outcomes for farmers.

Figure 2A shows the distribution of TE scores. The rice farmers’
TE scores ranged from 0 to 1, with a higher number indicating better
production techniques. The farmers average TE was 0.63, implying
that they could lower their input use by 37% while maintaining the
same output level if they produced rice at the same level as the best
farmers. The distribution of TE scores (Figure 2A) shows that most
rice farms (almost half) had TE values between 0.61 and 0.80.
Figure 2B depicts the TFP of rice farming households. The results
reveal that, for the last 3 years studied (from 2015 to 2018), the average
value of TFP was 0.702, which demonstrates an increase in the TFP. If
farmers produced rice in the same manner as the most efficient
farmers, they could lower their input use by 29% while maintaining
the same level of production. The largest concentration (approximately
40.85%) of TFP scores was between 0.81 and 5.43.

4.2 Dietary status of households

The HDDS is a food security assessment tool that has been
validated in a number of countries as an approximate estimate of food
availability and accessibility, which are two crucial factors of food
security (Yohannes et al., 2002; Swindale and Bilinsky, 2006; WEP,
2009; Cordero-Ahiman et al., 2017). It determines how much of each
food was consumed at home in a specific time period, such as the last
24 or 48 h (Teklewold et al., 2013; Cordero-Ahiman et al., 2017). The
HDDS is a continuous score ranging from 0 to 12, with higher scores
indicating higher nutrient intake based on whether the household
consumes each of the 12 food groups previously detailed. Table 3
shows the results for the household dietary status of the
farm households.

Dietary variety was low in 0.11% of the homes, according to the
findings (with a HDDS of less than 6). With scores ranging from 7 to
9 points, 16.24% of families fall into the medium dietary variety
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TABLE 2 The TFP of rice farming households.

Parameters ‘ Value
Technical efficiency in 2015 (TE;s) 0.637
Technical efficiency in 2018 (TE) 0.646
1.287
ECjs = TE1g.
Economic efficiency: TE15
0.627
1
Technical change: TCjr =(TE18 < TE|5)>
0.703

Total factor productivity: TFF;; = ECjy x TCjyy

category, while the remaining 83.65% fall into the higher dietary
diversity category, with scores exceeding 10 points. This means that
16.35% of households lack adequate dietary diversification, whereas
the majority (83.65%) have adequate dietary diversification.

Hahn et al. (2009) created the LVI to quantify farmers
vulnerability to climate change and unpredictability (Adu et al., 2018).
This vulnerability is measured by the LVI value, which ranges from 0
to 1. The higher the LVI number, the greater the vulnerability.
We found that the sample rice farmers are moderately vulnerable to
climate change, as measured by the LVI index value of 0.454. The
weighted average of inputs, labor, and capital was used to compute
TFP, which is a measure of productivity calculated by dividing the
total output of the entire economy by the weighted average of inputs,
labor, and capital. This denotes whether the actual output growth is
outpacing the increase in inputs such as manpower and capital.
We found the average TFP to be 0.702.

The descriptive statistics for the HDDS, LVI, and TFP are shown
in Table 4.

4.3 Pearson’s correlation

Pearson’s correlation coefficient results show that the HDDS and
LVI are significantly correlated (p<0.01) (Table 5). There is a weak
positive correlation between the LVI and HDDS (r=0.1004; p <0.01)
but a strong positive correlation between Hsize and the HDDS
(r=0.208; p<0.01). TFP has a positive correlation with the WEAI
(r=0.037; p<0.109) and the HWI (r=0.012; p <0.582) but a negative
correlation with PCFEP (r=-0.013; p<0.10) and HWF (r=—0.038;
p<0.570). The LVI is weakly positively correlated with Hsize (r=0.166;
p<0.01) and the HWI (r=0.029; p<0.10). The HDDS is weakly
positively correlated with TFP (r=0.018; p <0.10), Hsize (r=0.208;
p<0.01), the WEAI (r=0.061; p<0.01), PCFEP (r=0.176; p<0.01),
HWE (r=0.124; p<0.01), and the HWI (r=0.072; p<0.01).

Table 5 provides correlation coefficients for TFP with HDDS
and LVI. The study found a positive correlation between TFP and
HDDS, indicating that as TFP increases, the HDDS also tends to
increase. On the other hand, there was a negative correlation
between TFP and LVI, suggesting that higher TFP can lead to
lower livelihood vulnerability.

Causal relationships among the key variables

Causal relationships between key variables may consist of direct
and indirect effects. Direct causal effects are effects that go directly
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FIGURE 2
(A) Technical efficiency (TE) distributions of rice farmers. (B) Total factor productivity (TFP) distributions of rice farmers.

TABLE 3 Categorization of respondents with respect to the HDDS.

HDDS Cut-off Frequency Percent
category value

Low 0-6 2 0.11
Medium 7-9 299 16.24
High 10-12 1,540 83.65

from one variable to another. Indirect effects occur when one or more
variables mediate the relationship between two variables. Path
diagrams can be used to visualize the structural equation model:
Figure 3 shows that the variables (TFP, LVI, and HDDS) are
interconnected. We find that TFP has a direct positive effect on the
HDDS but has a negative effect on the LVL

The diagram illustrates how TFP significantly negatively influences
the Livelihood Vulnerability Index (LVI), suggesting that increasing
TEP can potentially reduce livelihood vulnerability among rice farming
households in Bangladesh. Additionally, the diagram highlights a
positive dependence of HDDS on TFP and LV, indicating that higher
TFP can lead to improved household dietary diversity, which is essential
for better nutrient intake and overall food security status.

Table 6 presents the total causal effect. We found a significantly
inverse relationship between the LVI and TFP (p=-0.007; p <0.05)
but a positive relationship between the HDDS and TFP.

4.4 Regression results

Our regression results are presented in Table 7, which highlights
the impact of TFP on the HDDS and LVI. Notably, we see that TFP
has a significant positive effect on the HDDS, implying a one-unit
increase in TFP, on average, increases the HDDS by 0.127 units. In
addition, the WEAI also has a significantly positive effect on the
HDDS. Table 6 also reveals that higher scores for the HWI, Hsize,
PCFEP, and HWF are all associated with a higher HDDS levels.

The HDDS is an important nutrition outcome measuring the
economic ability of a household to access a variety of foods (Huluka
and Wondimagegnhu, 2019). Our results are in line with our a priori
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TABLE 4 Descriptive statistics for the HDDS, LVI, and TFP.

Variable Average St. dev. St. err.
HDDS 10.72 1.201 0.028
LVI 0.454 0.059 0.001
TFP 0.702 0.352 0.008

assumptions and highlight the fact that PCFEP is a key indicator of a
household’s ability to buy enough staple and nutritious food. Our
results show that PCFEP has a significant positive impact on the
HDDS. We argue that the positive effects of Hsize on the HDDS may
be attributed to the fact that large families typically have more
non-farm income and a greater ability to purchase diversified food
items. This result is in contrast to some prior studies that have found
that Hsize has a negative impact on HDDS (Adesina and Zinnah,
1993; Mulmi et al., 2017; Ochieng et al., 2017).

Similarly, our finding that HWF has a positive impact on the
HDDS makes intuitive sense, as it is a good proxy of household
welfare, as confirmed by Chegini et al. (2021). Government social
safety net programs represent one of the strategies to improve
households’ food consumption. Hailu and Amare (2022) found that
an effective safety net program significantly increases households’
calorie intake. In the present study, we found that ASSNT has a
negative relationship with the HDDS, which means that the farm
households receiving safety net support invest monies in non-food
expenditure for income-generating activities.

Our results also clearly show that TFP significantly lowers the
level of the LVI, with a one-unit increase in TFP decreasing the LVI
by 0.007 units. Interestingly, the LVI is positively affected by Hsize,
PCFEP, having a farming household, and ASSNT. Again, these
results appear to be intuitively reasonable. Large households are
better able to diversify their talents and, generate non-farm income
when needed and lower their livelihood vulnerability levels. The LVI
is used to measure the vulnerability of farm households to climate
change and variability. Furthermore, the more households spend on
food per capita, the lower their LVI. There is also obviously a direct
relationship between ASSNT and a lower LVI. In addition, we found
that PCFEP has a significant positive impact on farmers’ LVI. The
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TABLE 5 Pearson'’s correlation coefficient between the continuous variables.

10.3389/fsufs.2024.1395897

HDDS LVI TFP Hsize WEAI PCFEP HWF HWI
HDDS 1
LVI 0.1004% 1
(0.000)
TFP 0.018 —0.0437* 1
(0.424) (0.061)
Hsize 0.208## 0.166%+* —0.024 1
(0.000) (0.000) (0.302)
WEAI 0.0617%# —0.027 0.037 —0.0887# 1
(0.008) (0.247) 0.109 (0.000)
PCFEP 0.176%# —0.028 —0.038% —0.398### 0.008 1
(0.000) (0.224) (0.096) (0.000) (0.715)
HWF 012475 —0.005 —-0.013 0.169% 7 —0.0617%#% 0.005 1
(0.000) (0.817) (0.570) (0.000) (0.008) (0.799)
HWI 0.072%#% 0.029 0.012 0.109%#* 0.031 —0.039* 0.09%3# 1
(0.001) (0.204) (0.582) (0.000) (0.181) (0.089) (0.000)

HDDS, Household dietary diversity score; LVI, Livelihood vulnerability index; TFP, Total factor productivity; HWT, Household wealth index; HWE Household welfare (yearly non-food
expenditure); PCFEP, Per capita food expenditure; WEAI Women’s empowerment in agriculture index; Hsize, Household size. *p <0.05, **p <0.01, *##p <0.001.

coeflicient for the Total Factor Productivity (TFP) variable is 0.1269,
with a standard error of 0.0739. The t value for this coeflicient is
1.720, and the p value is 0.0860. The results showed that TFP had a
significant impact on both HDDS and LVI, underlining the
importance of TFP in improving food security and reducing
livelihood vulnerability.

Government safety nets have a clear and measurable impact on the
lives of low-income families and reduce their food insecurity. Many
safety net programs have been launched in the study area, such as old
age allowance, widow allowance, vulnerable group development
(VGD)/vulnerable group feeding (VGEF), test relief, food for work, cash
transfers, food transfers, price subsidies, job generation, housing for
the homeless, an efficiency development fund for expatriate workers,
Ekti Bari Ekti Khamar, and microcredit, among many others. We found
that ASSNT has a positively significant (p<0.01) association with the
LVI. When rice farmers are exposed to the adverse impacts of natural
hazards, injury, loss, or disruption to their livelihood, safety nets play
a crucial role in protecting them.

5 Discussion

This manuscript examines the relationship between TFP, LVI, and
HDDS in rice farming households in Bangladesh. The study analyzes
data from the Bangladesh Integrated Household Survey 2015 and
2018 using econometric methods such as the stochastic frontier
model, multivariate regression analysis, and structural equation
modeling. The results show that TFP significantly affects both LVI and
HDDS. Higher TFP is associated with reduced LVI and increased
HDDS among rice farming households, similar to previous studies
(Alametal,, 2011, 2014; Hoq et al,, 2021). This suggests that improving
TFP can enhance food security and reduce vulnerability in these
households. The multivariate regression analysis reveals that TFP,
household wealth index, women’s empowerment in agriculture index,
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Path diagram of structural equation model.

per capita food expenditure, household level welfare, and household
size have a positive impact on HDDS, while TFP is negatively
associated with LVI, along with per capita food expenditure and
household size (Dua and Garg, 2019). The study also examines the
correlation between TFP, HDDS, and LVI using Pearson’s correlation
coefficients and structural equation modeling. The multivariate
regression model used in the study identifies significant indicators
related to HDDS and LVI, as well as the impact of TFP on these
measures. Overall, the findings suggest that increasing TFP is crucial
for improving food security (Saha et al., 2021), reducing livelihood
vulnerability, and achieving sustainable development goals in
countries like Bangladesh. Higher TFP leads to positive outcomes in
terms of household dietary diversity and livelihood vulnerability,
underscoring the importance of advancing agricultural policies to
enhance TFP in order to achieve food security and reduce vulnerability
in rice farming households. The study’s findings could be valuable for
policymakers and professionals in formulating advanced agricultural
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TABLE 6 Total effect.

10.3389/fsufs.2024.1395897

Coefficient OIM std. err. 95% conf. interval
LVI— TFP —0.007 0.003 ~1.870 0.061 ~0.015 0.000
HDDS — TFP 0.063 0.079 0.800 0.425 —0.092 0.219

TABLE 7 Multivariate regression results.

Variable Obs. Parms RMSE R? F p
HDDS 1,840 9 1.115 0.1406 | 37.444 @ 0.000
LVI 1,840 9 0.058 0.0455 10.900 | 0.000
Coefficient | Std. err. t Pr>t 95% conf.
interval
HDDS
TFP 0.127%* 0.073 1.72 0.086 —0.018 | 0.272
Hsize 0.221%** 0.016 13.30 0.000 0.188 0.253
WEAI 0.834%** 0.205 4.06 0.000 0.431 1.238
PCFEP 0.001%** 0.000 12.61 0.000 0.000 0.000
HWF 0.001%** 0.000 2.95 0.003 0.000 0.000
Occup —0.066 0.054 -1.21 0.227 —0.172 | 0.041
HWI 0.039* 0.023 1.71 0.087 —0.006 | 0.085
ASSNT —0.10% 0.053 —1.86 0.064 —0.206 | 0.006
Constants 8.561 %% 0.196 43.52 0.000 8.175 8.945
LVI
TFP —0.007* 0.003 —1.84 0.066 —0.015 | 0.001
Hsize 0.006%** 0.001 6.85 0.000 0.004 0.008
WEAI —0.005 0.011 —0.46 0.643 —0.026 = 0.016
PCFEP 0.000%* 0.000 2.36 0.018 0.000 0.000
HWF 0.000 0.000 -1.33 0.185 0.000 0.000
Occup 0.0171%** 0.003 3.80 0.000 0.005 0.016
HWI 0.001 0.001 0.70 0.481 —0.002 | 0.003
ASSNT 0.009%** 0.003 3.19 0.001 0.004 0.015
Constants 0.422%%* 0.010 41.01 0.000 0.402 0.442

#p <0.05, *¥p <0.01, #*¥p <0.001.

policies to achieve food security and reduce livelihood vulnerability
in the country.

6 Conclusion

The study on TFP and its impact on food security and livelihood
vulnerability of rice farming households in Bangladesh offers
valuable insights for policymakers and professionals in the
agricultural sector. The investigation utilized a multivariate modeling
approach and data from the Bangladesh Integrated Household
Survey to analyze the relationship between TFP, HDDS, and LVI. The
findings indicate that increasing TFP can reduce livelihood
vulnerability and improve food security, contributing to sustainable
development Goal 2. The study identified significant indicators
related to household dietary diversity score and livelihood
vulnerability index, highlighting the importance of TFP in
influencing these measures. Specifically, TFP was found to have a
positive association with household dietary diversity score and a
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negative association with livelihood vulnerability index, underscoring
its crucial role in enhancing food security and reducing livelihood
vulnerability. The study suggests that policymakers and professionals
should prioritize implementing advanced agricultural policies that
focus on increasing TFP to achieve food security and mitigate
livelihood vulnerability in developing countries like Bangladesh.
Recommendations may include enhancing access to technology-
related services, closing gaps in women’s empowerment and technical
efficiency, and promoting agricultural input intensification. However,
the study is limited in its generalizability as it specifically focused on
rice farming households in Bangladesh. Further research is needed
to explore the intricacies of the relationship between TFP, food
security, and livelihood vulnerability in more depth, possibly
considering additional factors or variables that could influence these
outcomes. Overall, the study provides a solid foundation for
understanding the importance of TFP in improving food security
and reducing LVI. It offers valuable insights for policymakers and
professionals to guide future agricultural policies and interventions
in Bangladesh and beyond.
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