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ABSTRACT
Theproduction and technical efϐiciency of the rice sector in Bangladesh’s coastal areas are vulnerable to awide

range of natural disasters and climate change issues. These regions face recurring threats from climatic events such
as salinity intrusion, inundation, rising sea levels, and cyclones, which can signiϐicantly disrupt agricultural activ‑
ities. In this paper, we conduct a comparative analysis of the rice producers’ technical efϐiciency based on their
exposure to disaster‑induced impacts over the past ϐive years. Using the Stochastic Frontier Analysis, we examine
factors inϐluencing household‑level productive efϐiciency in three coastal districts—Patuakhali, Cox’s Bazar, and
Khulna. Our ϐindings reveal that rice‑producing households affected by natural disasters between 2014 and 2018
exhibited, on average, an 8.29 percentage point higher productive efϐiciency compared to unaffected households.
When controlling for other confounding variables, such as household characteristics and external conditions, the
efϐiciency gain rises to 19.8%. This suggests that households exposed to adverse climatic events may have adapted
their farming practices to becomemore resilient, thus improving their productive efϐiciency in the long term. More‑
over, our results indicate that a larger household size enhances efϐiciency by 6.7%. Households where rice farming
is the primary occupation also tend to be more efϐicient, likely because of greater specialization and focus on im‑
proving agricultural practices. Finally, the age of the producer is positively associated with efϐiciency, reϐlecting the
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accumulation of farming experience and knowledge over time.
Keywords: Technical Efϐiciency; Stochastic Frontier Analysis; Rice Production; Sustainable Agriculture; Vulnerability

1. Introduction
Bangladesh has experienced signiϐicant economic

progress in the last decade. Since 2010, the GDP of
Bangladesh has grown at an average rate of 6.38 percent
per annum, whereas the annual per capita GDP growth
rate was 5.13 percent during the same period [1]. Even
though the agricultural sector has played a vital role
in the tremendous economic growth of Bangladesh and
provided food security for the growing population, the
contribution of this sector has gradually declined to less
than 15 percent since 2015. The agricultural sector’s
contribution to GDP in 2018 was 14.23 percent, which
fell to 13.60 percent in 2019 [2]. However, according
to the World Bank [1], a large portion of the population
(36.86 percent) is still primarily employed in the agricul‑
tural sector. Hence, the agricultural sector plays a cru‑
cial role not only in providing food security but also is
important for alleviating poverty, especially in the rural
areas of Bangladesh. In this backdrop in order to main‑
tain the steady economic progress that Bangladesh has
been experiencing in recent years, it is only appropriate
to attach due priority to the improvement of efϐiciency
in the agricultural sector of the country.

Thedominant food crop in the agricultural sector of
Bangladesh is rice, which is also the source of livelihood
for 48 percent of the rural population [3]. The rice sector
constitutes about 70 percent of the agricultural GDP and
about 92 percent of the total food grain in Bangladesh [3].
Over the years, Bangladesh has achieved signiϐicant suc‑
cess in terms of adopting modern agricultural technolo‑
gies in rice production, increasing the yield bymore than
threefold since the 1970s. However, tomeet the demand
for food grains for the growing population, Bangladesh
needs to substantially improve rice productivity through
efϐicient agricultural practices [4, 5].

While several studies have estimated the degree of
efϐiciency of rice production in Bangladesh, only a few
papers have conducted such estimation for the coastal
disaster‑prone areas. Rahman and Anik [6] investigated

the impact of climate change and the socioeconomic
characteristics of farmers on the agricultural production
efϐiciency for the coastal regions of Bangladesh, utiliz‑
ing a rich panel dataset. The estimated efϐiciency score
found in this study was much lower in the low‑lying
ϐloodplain and coastal regions of Bangladesh compared
to the other areas. The level of inefϐiciencies further de‑
teriorates as the salinization of water and soil becomes
severe due to progressive climate change [7]. Another
crucial reason for the low level of efϐiciency in rice pro‑
duction in the coastal areas of Bangladesh is the wide
range of natural disasters. Being one of the most vulner‑
able countries in the world, the climatic events and in‑
creased frequencies of natural disasters experienced by
Bangladesh have been adversely affecting the lives and
livelihoods of the population in the coastal areas and re‑
sulting in damages to the agricultural sector.

Approximately 40 million people, representing
29% of the population, live in the coastal areas of
Bangladesh [8]. In this region, the primary livelihood
activity of the local community is agriculture, and it
plays a crucial role in alleviating poverty [9–12]. The dam‑
ages induced by the climatic and natural hazards im‑
pose varying negative impacts on the agricultural liveli‑
hoods of different communities living in the coastal ar‑
eas of Bangladesh, and the policies are not always a
reϐlection of the poor coastal communities [13–15]. The
coastal farmers practice different innovative strategies
to mitigate the loss of crops and reduce their vulner‑
ability to the situation. These coping mechanisms in‑
clude the inundation of seedbeds due to early ϐloods and
renting land with higher elevations for agricultural prac‑
tices. Such practices help to reduce ϐinancial loss, secur‑
ing the production of rice. Existing literature suggests
that the agricultural efϐiciency in Bangladesh, especially
in the coastal areas, has signiϐicant room for improve‑
ment through the reallocation of resources. Due to the
heavy reliance on rice production as a livelihood for a
large portion of the coastal population, the degree of ef‑
ϐiciency in rice production prevailing among different
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groups of the population in the disaster‑prone coastal ar‑
eas of Bangladesh warrants further research.

A large body of literature has explored how the
incidents of climatic events such as drought, storms,
increased levels of salinity, and cyclones have in‑
duced disaster‑resilient practices and coping mecha‑
nisms among the farmers living in the coastal areas.
These resilience activities are often characterized by the
knowledgeability and changes in the behavior of the
farmers who experienced these climatic events in adapt‑
ing and applying appropriate actions [16–18].

While the nature and the type of these practices
havebeenheavily explored in the literature, the effective‑
ness of such practices in improving agricultural produc‑
tive efϐiciency has not been explored quantitatively. This
paper ϐills this gap in the literature by utilizing a primary
household survey dataset collected from the coastal ar‑
eas of Bangladesh. More speciϐically, this paper answers
the following research questions:
(1) What is the in‑situ condition of the productive ef‑

ϐiciency in the rice sector of the disaster‑prone
coastal regions of Bangladesh?

(2) Howdoes the productive efϐiciency in rice produc‑
tion differ between the two groups of households
based on their natural disaster exposure during
the last ϐive years?

(3) How can several socio‑economic factors improve
or hinder the household‑level productive efϐi‑
ciency in rice production in these low‑lying ϐlood‑
plain areas?

Utilizing econometric techniques following a trans‑
log speciϐication and applying a stochastic frontier anal‑
ysis framework, we estimate the rice production func‑
tion and the productive efϐiciency for the coastal areas of
Bangladesh in this paper. Weorganized the remainder of
the paper as follows. In Section 2, we brieϐly discuss the
existing literature pertinent to the research questions.
Following this, in the Section 3, we discuss themethodol‑
ogy of the paper. The description of the survey dataset,
the empirical methods, and hypotheses have been dis‑
cussed in this section. Section 4 presents and discusses
the estimation results, and ϐinally the conclusion and the
policy recommendations are discussed in Section 5.

2. Literature Review
A number of research papers have evaluated the in‑

situ extent of inefϐiciency in the rice sector of Bangladesh
by measuring the technical efϐiciency in this sector. Ra‑
haman et al. [19] found that the overall production efϐi‑
ciency of Boro and Aman rice in the northern regions
of Bangladesh was 83.25 percent and 85.15 percent, re‑
spectively. Similarly, Hasnain, Hossain and Islam [20]

and Hasan, Hossain and Osmani [21] reported that the
efϐiciency of Boro rice production in the Meherpur and
Jhenaidah districts ranged from 89.5 percent to 92 per‑
cent. Khan, Huda and Alam [22] also assessed the tech‑
nical efϐiciency of Boro and Aman rice production in
Bangladesh, ϐinding efϐiciencies of 91percent and95per‑
cent, respectively.

The essential preconditions for ensuring efϐiciency
in rice production include the optimal use of inputs and
effective management of production practices at both
the farm and household levels [15]. Additionally, the
education and agricultural experience of farmers were
shown to signiϐicantly reduce inefϐiciencies in produc‑
tion. Bala et al. [23] found similar results for both Aman
low‑yielding varieties (LYV) and high‑yielding varieties
(HYV), and suggested that factors such as access to mi‑
crocredit, training, farm size, age, and education have
a substantial impact on the technical efϐiciency of rice
production. The decisions of rice‑producing households
with regard to supplying their own labor or hiring out‑
side labor can also affect the productive efϐiciency of
rice [24].

Rice production in Bangladesh, particularly in the
coastal regions, is highly vulnerable to the impacts of cli‑
mate change. Various studies have highlighted how cli‑
matic variability—including increased temperatures, er‑
ratic rainfall patterns, salinity intrusion, and rising sea
levels—has disrupted rice farming, a critical component
of food security for the country [7, 9, 25]. These coastal re‑
gions, where rice farming is predominant, have become
epicenters for the most severe effects of climate change,
threatening the livelihoods of millions of farmers who
depend on rice cultivation [10].

Rising temperature and erratic precipitation
brought on by climate change have had a major im‑
pact on rice production in Bangladesh’s coastal regions.
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Sarker [26] found that while minimum temperature and
rainfall reduced Aus rice yield variability, raising the
maximum temperature increased the variability, indi‑
cating the need for temperature‑tolerant rice varieties.
Real [9] observed that rising temperatures (0.4 to 0.5 °C
per decade) boosted Aus rice production in Bagerhat
District, but decreasing humidity negatively impacted
both Aus and Aman rice, with Boro rice suffering from
increased temperatures and erratic rainfall. Addition‑
ally, Alam [27] conϐirmed thatmaximum temperature and
rainfall variability reduced yields for Aus and Aman rice,
highlighting the necessity of adaptive agricultural prac‑
tices to address climate‑induced challenges.

Natural disasters, particularly in coastal
Bangladesh, further exacerbate these difϐiculties, en‑
dangering rice production and driving farming com‑
munities toward poverty. Cyclones, tidal surges, and
riverbank erosion are instances of disasters that cause
signiϐicant ϐinancial losses for farmers in addition to
damaging crops and disrupting the entire agricultural
system [28, 29]. Islam [10] reported that in Barguna and
Patuakhali Districts, the majority of farmers cited ϐloods
(93%)as theprimary risk to rice production, followedby
cyclones and storm surges (74%) and salinity intrusion
(71%). According to Schneider and Asch [30], ϐlooding
and salinity intrusion have hindered rice production in
deltaic areas like Bangladesh. 53% of the coastal area is
affected by salinity, endangering 3.4 million tons of rice
production, or 7% of the country’s total rice yield.

Moreover, Emran [11] found that in Barishal, Patu‑
akhali, and Barguna Districts, cyclone severity and salin‑
ity intrusion have continued to inϐluence farmproductiv‑
ity, especially for households outside of polders, which
are areas protected by embankments. These households
in polders saw higher yields as a result of improvedmar‑
ket accessibility and infrastructure. Additionally, Ud‑
din [29] noted that Cyclone Sidr caused signiϐicant agricul‑
tural crop losses, affecting up to 94% of farmers in parts
of Patuakhali District.

While much of the literature primarily examines
the immediate impacts of climate change and meteoro‑
logical hazards on rice production, there is a lack of stud‑
ies that quantitatively assess the long‑termeffects of cop‑
ing mechanisms adopted by rice producers in coastal re‑

gions. A variety of adaptation strategies have been used
by farmers in coastal Bangladesh in response to these
challenges. Islam [10] observed that in order to increase
rice yields and guarantee food security, farmers used
supplemental irrigation and weather forecasts. Educa‑
tion, household income, farm size, and access to exten‑
sion services were all important factors in making these
adaptation decisions. The on‑farm adaptations, such as
adjusting planting dates and adopting salinity‑reducing
technologies, were found to be prevalent in the litera‑
ture, while non‑farm strategies included wage employ‑
ment, female participation in income‑generating activi‑
ties, and migration [25, 31].

Particular tactics tailored to their local difϐiculties
were used by farmers in the Satkhira and Patuakhali Dis‑
tricts. Khan [28] observed that farmers in Patuakhali con‑
centrated onmaximizing fertilizer use and planting high‑
value cash crops, while in Satkhira they practiced crop
rotation and rice‑ϐish farming. Abir [32] emphasized that
while proper training and limited access to health facil‑
ities remained issues, social support, infrastructure de‑
velopment, and disaster preparedness training all con‑
tributed to community resilience. Mamun [33] under‑
scored the value of rainwater harvesting systems, or‑
ganic fertilizers, and drought‑resistant crops in address‑
ing climate change. However, obstacles like restricted
resource availability and gendered vulnerabilities, espe‑
cially for female‑headed households, continue to hinder
adaptation efforts [34].

Using 38 years of data from 13 districts in
Bangladesh that were divided into seven climate zones,
Sarker [26] discovered that the effects of climate change
vary by zone, resulting in different effects on rice yield
in different places. Nonetheless, the vast majority of
recent studies on climate change and natural disasters
in Bangladesh’s coastal areas have tended to focus on
speciϐic districts, including Khulna, Satkhira, Patuakhali,
and Noakhali. Despite these areas being especially
vulnerable, the ϐindings’ applicability to other coastal
regions is limited by their narrow geographic scope.
The ability to draw conclusions applicable to the entire
coastal zone is further restricted by the small sample
sizes in many studies [10, 25, 28, 29, 32, 34]. Given the varia‑
tion in climate impacts across different regions, more
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comprehensive research is needed that covers a wider
range of coastal areas and incorporates larger, more di‑
verse sample sizes [26].

While considerable research has been done on how
climate change and natural disasters affect rice produc‑
tion in coastal Bangladesh, most of it has focused on
short‑term adaptation strategies like switching to new
crop varieties or rearranging planting schedules. Exam‑
ples of these studies include the work done by Kabir [25],
Khan [28], Schneider and Asch [30], Abir [32], and Ahmed
and Kiester [34]. However, these studies frequently over‑
look how sustainable these methods will be in the long
run, especially as climate variability increases and ex‑
treme weather events become more frequent. There is
also limited exploration of integrating modern technolo‑
gies, such as precision agriculture or climate‑prediction
models, into traditional farming practices to enhance
long‑term resilience.

Furthermore, quite a few studies, such as those
by Khan [28], Ahmed & Kiester [34], and Alam [27], primar‑
ily depend on self‑reported data, which may introduce
recall bias and compromise the validity of the results.
More robust research methodologies, such as longitudi‑
nal studies that track adaptation effectiveness over time,
are needed to provide a clearer understanding of how
farming communities are coping with the evolving im‑
pacts of climate change.

The absence of comprehensive research evaluating
the effects of climate change on every type of rice pro‑
duction throughout the entire coastal region, speciϐically
in relation to climate change impacts and the adaptation
strategies adopted in response to natural disasters rep‑
resents a major gap in the literature. Most research fo‑
cuses on speciϐic rice varieties or localized regions, with‑
out evaluating the broader effects on Aus, Aman, and
Boro rice collectively. Furthermore, although some stud‑
ies draw attention to socioeconomic differences, speciϐi‑
cally in the availability of adaptation resources between
households headed by men and women, more inclu‑
sive, gender‑sensitive policies are desperately needed to
guarantee fair resource distribution and assistance for
all impacted communities [34].

3. Methodology

3.1. Sampling Design and Survey Dataset

In this study we focus on the analysis of rice pro‑
duction and its technical efϐiciency in the coastal regions
of Bangladesh. Additionally, we examine how the ex‑
perience of disaster affects the productive efϐiciency of
coastal regions’ rice‑producing farmers. In conducting
the primary household survey, we have considered the
productionofAman rice, taking into account the fact that
most rice producers in the survey areas produce this
type of rice. Four upazilas from three coastal districts,
Patuakhali, Cox’s Bazar, and Khulna, were selected for
the questionnaire survey of this study, as highlighted in
Figure 1.

These three districts represent the varied coast‑
line of the country. The four upazilas, namely Kala‑
para upazila (in Patuakhali district), Kutubdia Upazila
(in Cox’s Bazar district), and Dacope and Koyra Upazilas
(in Khulna district), were selected for a primary house‑
hold questionnaire survey due to their climate change
vulnerability and consequential agricultural sustainabil‑
ity. These coastal upazilas are affected by sea‑level rise,
tidal ϐluctuations, and increased frequency of cyclones
leading to an increase in saltwater intrusion and water‑
logging, which directly hamper agricultural production.

According to the Population and Housing Cen‑
sus [35] of Bangladesh, the number of households in the
four target upazilas, Kalapara, Kutubdia, Dacope, and
Koyra are 70,474, 28,364, 42,186, and 55,518, respec‑
tively. With a population of 196,542 households, a conϐi‑
dence level of 90 percent, and a margin of error of 5 per‑
cent, the required sample size for the primary household
survey is 272. Assuming11%nonresponse and spurious
or incomplete survey information, we have conducted
the survey on 303 households.

A disproportionate multistage stratiϐied random
sampling was used in obtaining the distribution of the
303 households. The distribution of surveyed house‑
holds by districts, upazilas, and villages is presented in
Table 1.

Considering that rice production is seasonal, our
study period covered the whole production duration of
the crop. In the Aman season, rice is transplanted in
October–November and harvested in January.
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Figure 1. Map of the study area.

Table 1. Distribution of surveyed households.

District Upazila Village Total Surveyed

Cox’s Bazar Kutubdia Boroghpor 4
Koyarbil 1

Khulna Dacope Botbunia 83
Jaliakhali 13
Khona 21

Koyra Moheswaripur 9
Patuakhali Kalapara Char Chapli 40

Char Gangamati 34
Khjura 72
Nizampur 26

Grand Total 303

3.2. Empirical Methods

For the empirical analysis in the paper, ϐirst, we es‑
timate the current scenario of the productive efϐiciencies
in the rice sector of the coastal areas of Bangladesh. Fol‑
lowing this part, we investigate if these productive efϐi‑
ciencies differ between the farmers who are adversely
affected by natural disasters during the previous years
and the farmers who did not experience such disaster‑
induced adverse effects. Using the primary survey
dataset collected for this study, we have utilized awidely

used statistical method of efϐiciency analysis Stochastic
Frontier Analysis (SFA) approach. Following the exist‑
ing literature, a Trans‑log production function has been
assumed as the underlying rice production function for
the SFA method carried out in this paper [36, 37]. For the
Trans‑log production function, we introduce several in‑
teraction terms of the inputs of production.

3.2.1. Speciϐication of the Rice Production
Function

The Trans‑log production function in our analysis
considers ϐive factors of production, namely land, seeds,
fertilizers such as Urea, Triple Super Phosphate (TSP),
Muriate of Potash (MP); pesticides, and irrigation. In
order to obtain unbiased impacts of inputs on the out‑
put, important individual and household‑level control
factors thatmight affect the rice productionhavebeen in‑
corporated in the estimation of the Trans‑log production
function. These control factors included seven regres‑
sors, namely ‘primary occupation of household is farm‑
ing’, ‘land‑ownership’, ‘household’s sole dependence on
agriculture’, ‘average age of non‑dependent household
members’, ‘household size’, ‘disaster exposure of house‑
hold’ and ‘number of disaster‑exposure of household’.
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The following speciϐication has been considered in the
estimation of the rice production function.

lnYi = α0+

m∑
j=1

αj lnXji+
1

2

m∑
j=1

m∑
k=1

αjklnXjilnXki+

q∑
l=1

βlWli+vi

(1)
In the above Equation (1), in addition to the pro‑

duction inputs, other exogenous factors mentioned be‑
fore have been included to estimate the unbiased input‑
elasticities of rice production. Here, the coefϐicients of in‑
puts of production are elasticities, because all the output
and inputs in three speciϐications are expressed in loga‑
rithmic forms. Yi, Xji, andWli are respectively the pro‑
duction or yield of rice, the amount of j‑th input used by
the i‑th farm, and a vector of variables representing the
exposure‑to‑disaster variable, the socio‑economic com‑
ponents, household‑speciϐic characteristics, and other
factors that can affect the production of rice. The ordi‑
nary Least Squares (OLS) estimation techniquewasused
to estimate the parameters (α0, αj , αjk , and βl) of the
production function model. vi in Equation (1) indicates
the random effects of unobserved factors on rice pro‑
duction that are independent of regressors and are as‑
sumed to be identically and independently distributed
as

{
N

(
0, σ2

ν

)}
two‑sided random errors.

3.2.2. Technical Efϐiciency Analysis
The term technical efϐiciency is deϐined as the ra‑

tio of the observed to maximum feasible output with re‑
spect to a given level of production technology and the
observed input use. Someone who is “efϐicient” is as‑
sumed to be producing at their maximum capacity. For
estimating the extent of efϐiciency in rice production,
we utilized widely used methods of efϐiciency analysis,
namely Corrected OLS (COLS) and Stochastic Frontier
Analysis (SFA) approach [6, 38]. Analysis of technical ef‑
ϐiciency will portray the degree of inefϐiciency existing
in rice production, implying how far the current produc‑
tion is from the maximum possible given the amount of
inputs utilized. Utilizing the approach of Aigner [39] to
estimate the technical efϐiciency, we also use the SFA
method developed by Jondrow [40] to estimate the im‑
pacts of disaster exposure on the efϐiciency of household‑
level agricultural production. To obtain robust results as
well as to allow ϐlexibility in the speciϐication, following
the literature [41–44], we used the Trans‑log production

function in our efϐiciency estimation. The rice produc‑
tion function for the i‑th farmer (here, farmer and house‑
holds are treated synonymously) in the SFA speciϐication
can be written as,

lnYi = α0 +
m∑

j=1

αj lnXji +
1

2

m∑
j=1

m∑
k=1

αjklnXjilnXki + ei (2)

ei = vi − ui   and   ui = δ0 +

p∑
d=1

δdZid + ζi (3)

TEi = E [exp (−ui) |ei] = E [exp (−δ0 −
∑p

d=1 δdZid − ζi|ei)]     
  where ei = vi − ui  

(4)
In Equation (2), Yi andXji are respectively the pro‑

duction of rice and the amount of j‑th input used by
the i‑th farm, whereas the error term ei is composed
of two components, vi and ui. vi in Equation (3) indi‑
cates the random effects of unobserved factors on the
rice production that are independent of ui and are as‑
sumed to be identically and independently distributed{
N

(
0, σ2

ν

)}
two‑sided random errors. uis depict the

inefϐiciencies in production, which are nonnegative ran‑
dom variables that are truncated at 0 of a normal distri‑
bution with mean ui = δ0 +

∑p
d=1 δdZid and variance

σ2
u

(∣∣N (
µi, σ

2
u

)∣∣).
The technical efϐiciency term TEi of farm i is ex‑

pressed in Equation (4), where E is the expectation op‑
erator. The is obtained using a conditional expectation
of ui after observing the value of TEi. Amaximum likeli‑
hood estimation (MLE) technique is utilized to estimate
the unknown parameters. The likelihood function in the
MLE is expressed in terms of variance parameters σ2 =

σ2
ν + σ2

u and σ2
u/σ

2 [45]. Equation (3) also shows a vec‑
tor of covariatesZi, that affects the inefϐiciencies of farm
i, which includes several socio‑economic control factors
(namely, ‘primary occupation of household is farming’,
‘land‑ownership’, ‘household’s sole dependence on agri‑
culture’, ‘average age of non‑dependent householdmem‑
bers’, ‘household size’, ‘disaster exposure of household’
and ‘number of disaster‑exposure of household’) affect‑
ing the household‑level production efϐiciency of rice, in
addition to the interest variable ‘disaster exposure of
household’. Factors included inZi are assumed to be un‑
correlated with the random inefϐiciency component ζi.
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3.2.3. Hypotheses

Hypothesis 1. The productive efϔiciency in the rice sec‑
tor of our study areas—low‑lying, disaster‑prone coastal
regions of Bangladesh—is lower than that reported in the
existing literature for other regions of the country.

This hypothesis stems from previous research in‑
dicating that coastal areas, where rice farming is pre‑
dominant, have become focal points for the most severe
impacts of climate change. These include erratic rain‑
fall patterns, salinity intrusion, ϐlooding, and rising sea
levels [7, 9, 10, 25]. Such climate‑related challenges are ex‑
pected to negatively affect rice production efϐiciency in
coastal areas compared to other parts of the country.

Hypothesis 2. Rice producers who experienced adverse
shocks in the past ϔive years exhibit higher productive ef‑
ϔiciency compared to those who did not face such shocks.

This hypothesis is grounded in the fact that farmers
in coastal areas, affected by climatic changes and disas‑
ter shocks, frequently adopt on‑farm adaptations. These
include adjusting planting schedules, using salinity‑
reducing technologies, adopting high‑yield seed vari‑
eties, and employing other coping strategies, as noted
in the literature [25, 28, 33]. While the immediate impact
of the climatic shocks may be detrimental, it is hypothe‑
sized that farmers exposed to such conditions in the past
have developed resilience strategies that enhance their
productive efϐiciency.

4. Analysis of the Survey Dataset
4.1. Descriptive Analysis

A number of descriptive statistics from the dataset,
presented in Table 2, have helped us to come up
with important ϐindings regarding the productivity and
efϐiciency of rice production in the coastal areas of
Bangladesh. These descriptive statistics have been cal‑
culated utilizing the dataset and information obtained
from the primary household survey in the study areas.
This part of the paper provides an overall picture of
the characteristics of households and agricultural prac‑

tices in the survey areas of Patuakhali, Cox’s Bazar, and
Khulna. The household‑level factors and agricultural
practices are explored for two groups of respondents;
one group experienced at least one natural disaster that
adversely affected the household, while the other group
has not experienced any such disaster during the past
ϐive years (during the period 2014–2018).

From Table 2, we can see that out of the total 303
surveyed households, 41.25 percent were not exposed
to any type of natural calamity, and 58.75 percent ex‑
perienced at least one natural hazard. 38.76 percent of
the 178 households that experienced a disaster faced it
more than two times during the past ϐive years (Table 3),
whereas the percentage of one‑time, three‑times, and
more than three‑times exposure are respectively, 21.34
percent, 20.22 percent, and 19.67 percent.

Table 2 also shows that the average size of the
agricultural land of the non‑disaster‑exposed group of
households is 140.72 decimals, which is smaller than
that of the disaster‑exposed group (155.35 decimals).
The disaster‑exposed households also produced less
rice. If we consider the inputs of rice production, house‑
holds experiencing natural disasters during the 2014–
2018 years used more fertilizer and spent more money
on irrigation compared to the other group of households,
whereas the amount of seeds and pesticides used was
smaller for the disaster‑exposed group.

In addition to the output and input usage, Table 2
also presents some important characteristics of the sur‑
veyed households in our sample. Even though both
groups had similar percentages of households with agri‑
cultural land ownership and members with primary oc‑
cupation as farming, signiϐicantly more households in
the not‑experiencing adverse shock group relied solely
on agriculture for their livelihood (43.2 percent against
33.1 percent). A possible reason behind this ϐinding
could be the eventual shift of the livelihood reliance
fromagriculture to other occupations inducedby the vul‑
nerability of exposed‑to‑disaster households that experi‑
enced adverse effects due to the disasters. The average
age of the working members and the household size of
both groups of households are almost the same, around
40 years and eight members, respectively.
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Table 2. Descriptive statistics of the households experiencing and not experiencing disasters.

Factor Did Not Experience
Adverse Effects

Experienced Adverse
Disaster‑Induced Effects P‑Value

Number of households 125 178
Amount of agricultural land (in decimals) 155.35 140.72 0.52
Values of rice production (in Taka) 2199.20 2020.70 0.4
Total amount of seeds (in KG) 1649.62 916.90 0.016
Total amount of fertilizer (in KG) 367.60 477.96 0.59
Total amount of pesticides (in KG) 24.80 18.55 0.69
Total cost for irrigation (in Taka) 246.40 479.97 0.11
Has member with farming as primary No 40.8% 38.8% 0.72occupation (in percentage) Yes 59.2% 61.2%

Agricultural land is owned (in percentage) No 25.6% 25.8% 0.96Yes 74.4% 74.2%

Agri‑based livelihood (in percentage) No 56.8% 66.9% 0.075Yes 43.2% 33.1%
Average age of working‑age members (in years) 40.64 39.45 0.19
Household size 8 8 0.67

Source: Authors’ calculation using the collected dataset.

Table 3. Number of exposures to natural disasters during the last ϐive years.

Exposed to Disaster Not Exposed to Disaster

Number of households 178 125
In percent 58.75% 41.25%
1‑time exposure (number of households) 38
2‑times exposure(number of households) 69
3‑times exposure(number of households) 36
More than 3‑times exposure (number of households) 35

Source: Authors’ calculation using the collected dataset.

4.2. Results from the Econometric Analysis

Results from the econometric analyses in this paper
have been produced using the statistical software STATA
(Version 14) and are discussed in the following section.
Table 4 presents the results from the estimation of the
technical efϐiciency andTable 5 shows the ϐindings from
the investigation of how the variable ‘disaster exposure
of household’ affects productive inefϐiciency, controlling
for several socio‑economic and household‑speciϐic fac‑
tors. In both tables, a Trans‑log production function for
the rice sector is assumed.
4.2.1. Results from In‑Situ Technical Efϐi‑

ciency Analysis
For the analysis of technical efϐiciency, we checked

the existence of inefϐiciency in rice production using
two techniques a Skewness test proposed by Schmidt
and Lin [46] and a Likelihood‑ratio test introduced by

Kodde and Palm [47]. Both test results strongly indicated
the presence of inefϐiciency in rice production practices
among the surveyed households. Following these tests,
we estimated the magnitude of efϐiciencies presented in
Table 4 using different SFA speciϐications and explored
how the inefϐiciencies varied depending on households’
disaster exposure. Results on the level of efϐiciencies us‑
ing different econometric methods are presented in Ta‑
ble 4.

We have applied three methods of efϐiciency anal‑
ysis to ϐind out how efϐiciently the group of house‑
holds exposed to adverse shocks from natural disasters
performed in rice production, compared to the overall
sample and households that were not affected by such
shocks. From Table 4, we can see that the average level
of efϐiciency using COLS is 29.79 percent, whereas this
number is slightly higher (30.89 percent) for the house‑
holds experiencing adverse shocks from a natural disas‑
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Table 4. Productive efϐiciencies by disaster effect exposure (with different econometric methods).

Using COLS Using SFA (Controlling for
Effects of Disaster)

Using SFA (Controlling for
Disaster Exposure and

Other Factors)

Average efϐiciency of sample (in percentage) 29.79 67.61 73.25
Average efϐiciency of households with
adverse effect exposure (in percentage) 30.89 71.40 77.18
Average efϐiciency of households with no
adverse effect exposure (in percentage) 28.58 63.42 68.89

Source: Authors’ estimation using the collected dataset.

ter and lower (28.58 percent) for the households who
did not experience such shocks from hazards. How‑
ever, considering that the COLS estimation technique
provides inefϐiciency values that are overestimated, we
used the SFAmethod in the other two setups. In the ϐirst
setup of SFA, we only included the household’s experi‑
ence of negative impacts from disaster as a regressor.
In contrast, in the second setup of SFA, we introduced
many other factors in addition to disaster‑induced neg‑
ative effect exposure. According to Table 4, the over‑
all efϐiciency of our sample is 73.25 percent, which im‑
plies that, on average, the rice‑producing households in
our study are operating at 73.25 percent of their max‑
imum productive efϐiciency. The level of efϐiciency is
much higher for the negative shock‑experiencing house‑
holds at 77.18 percent, compared to the group that did
not face any disaster‑induced adverse impact (68.89 per‑
cent) during the last ϐive years. In other words, we can
say that households exposed to detrimental impacts due
to natural calamities during the 2014–2018 period are
8.29 percentage points more efϐicient in producing rice.
Figure 2 also shows that a signiϐicantly larger portion of
the households experiencing adverse effects of disasters
in previous years belongs to the higher rice‑production
efϐiciency level compared to the group of households
who did not experience any such effects during previous
years.

• Results’ discussion:
The estimated productive efϐiciency results ob‑

tained in this section support our hypothesis‑1 and align
with the ϐindings of existing literature. Several studies
found that the level of technical efϐiciency in the non‑
coastal regions of Bangladesh ranged from 80 percent
to 90 percent [19–23]. In comparison, the rice production
efϐiciency was much lower in the low‑lying ϐloodplain

and coastal regions at around 70 percent [6, 48]. The ϐind‑
ings generally suggest that producers in ϐloodplain and
coastal regions are less efϐicient. However, it is impor‑
tant to note that productivity levels vary across regions,
making direct comparisons challenging.

Figure 2. Production efϐiciency with disaster‑experience.
Source: Authors’ calculation using the collected dataset.

An important ϐinding of this study is that house‑
holds adversely affected by natural disasters in the past
ϐive years exhibit higher productive efϐiciency compared
to those that were not affected. One possible explana‑
tion for this result is that households exposed to natural
hazards adopted more resilient production techniques
and utilized their productive capacities more effectively,
given the likelihood of future exposure to disasters. An‑
other reason for the higher production efϐiciency in the
disaster‑affected group may be the natural selection of
more efϐicient farmers. In response to disasters, many
households may have shifted away from agriculture to
other livelihoods. Households that were more severely
impacted by calamities and less efϐicient in production
likely transitioned to different occupations, leaving be‑
hind a group of more efϐicient rice producers [25, 28, 33].
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4.2.2. Estimation Results of Natural Dis‑
aster Experience on Productive Efϐi‑
ciency

One important contribution of this paper is the ex‑
ploration of how the household’s exposure to natural
disaster‑induced adverse impacts affected their produc‑
tive efϐiciency. For the estimation of the marginal effects
of production inputs and different household‑level fac‑
tors on technical efϐiciency, we considered two speciϐi‑
cations. In one of the speciϐications, the interest variable
“Experienced adverse effects” had been introduced in ad‑
dition to the covariates of the Trans‑log production func‑
tion, and in the other speciϐication, several other control
factors were introduced to get a robust and unbiased es‑
timate of the interest variable “Experienced adverse ef‑
fects”. Results from this analysis are presented in Ta‑
ble 5.

Our primary focus of Table 5 is the marginal ef‑
fects of the regressor “Experienced adverse effects” on
the technical efϐiciency under two speciϐications. From
Model‑1, we can see a statistically signiϐicant impact of
household’s exposure to disaster during the past ϐive
years on their level of productive efϐiciency. Experienc‑
ing at least one natural calamity inducing detrimental
impact during the years 2014–2018 reduces the house‑
hold’s technical inefϐiciency; in other words, it increases
production efϐiciency by 18.8 percent. In order to en‑
sure the robustness of this ϐinding, in Model 2, we in‑
troduced several control variables. Results from Model
2 also indicate a statistically signiϐicant impact of “Ex‑
perienced adverse effects” on technical inefϐiciency. Ac‑
cording to the estimate of Model‑2, on average, natural
disaster‑experiencing households are 19.8 percentmore
efϐicient compared to the group that did not experience
such a calamity. Other factors, such as the average age of
working‑age household members and the size of house‑
holds, are also statistically signiϐicant and increase pro‑
ductive efϐiciency by 1.3 percent and 5 percent, respec‑
tively. If the household has a member whose primary
occupation is farming, productive efϐiciency increases by
54.42 percent; however, this impact has not been found
statistically signiϐicant. Other household‑speciϐic factors
that have statistically insigniϐicant but positive effects on
productive efϐiciency include “Household relies on agri‑

culture,” whose impacts are 5.4 percent. Additionally, if
the agricultural land is owned by the household, produc‑
tive efϐiciency declines by about 3.4 percent compared
to the scenario where land is rented or leased. This re‑
sult is also supported by our survey interviews, where it
could be observed that households operating on leased
agricultural lands or sharecroppers used more fertiliz‑
ers and other inputs and exerted more effort in produc‑
ing rice compared to the farmers producing on owned
lands. While these practices of sharecroppers increased
rice production, such practices might not be sustainable
in the long run for soil fertility and can lead to overuse
of agricultural land.

• Results’ discussion:
One key ϐinding from our econometric estimation

of the SFA, under both speciϐications in Table 5, is that
households experiencing adverse climatic shocks are ob‑
served to improve their production efϐiciency by 19% to
20%. This result supports Hypothesis‑2. Several stud‑
ies have shown that farmers in coastal areas that are
negatively affected by meteorological hazards and other
climatic shocks often adopt a wide range of climate‑
resilient agricultural practices [28, 30, 33]. Furthermore,
rice producerswho aremore severely impacted by these
shocks are more likely to adopt resilient practices such
as planting new crop varieties, adjusting planting sched‑
ules, using organic fertilizers, and diversifying rice types.
While the impact of these resilient practices might not
be observed during a short span of time, in the long run,
such practices make the production process more efϐi‑
cient [49–51]. Hence, the ϐindings in this paper are consis‑
tent with the existing literature.

Another ϐinding is that the age of household mem‑
bers involved in rice production is positively associated
with technical efϐiciency. This result reϐlects the accu‑
mulation of farming experience, skills, and knowledge
over time, which enhances better decision‑making and
resource allocation of the rice producers. The positive
impact of producers age on the productive efϐiciency can
also be observed in a number of studies [52–54]. Addition‑
ally, household size also positively impacts productive
efϐiciency. Larger households may push rice producers
to exert more labor to increase production, thus enhanc‑
ing efϐiciency [53]. Finally, results from both Model‑1 and
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Table 5. Effects of disaster exposure and household‑speciϐic factors on inefϐiciency.

Model‑1: SFA with
Disaster‑Exposure

Model‑2: SFA with
Disaster‑Exposure and

Household‑Speciϐic Factors

Coefϐicients/Marginal Effect Coefϐicients/Marginal Effect

Production frontier
Log of land size (in percent) 0.121 0.04
Log of seeds used (in percent) 0.051** 0.045**
Log of fertilizer used (in percent) 0.275*** 0.159**
Log of pesticides used (in percent) –0.005 0.006
Log of irrigation cost (in percent) 0.01 0.008
Land* fertilizer –0.056*** –0.034**
Land‑squared 0.026** 0.020**
Constant term 3.342*** 3.873***
Marginal effects on technical inefϐiciency
Experienced adverse effects (1 = yes, 0 = no) –0.188** –0.198**
Member’s primary occupation farming (1 = yes, 0 = no) –0.544
Own agricultural land (1 = yes, 0 = no) 0.034
Household relies on agriculture (1 = yes, 0 = no) –0.054
Average age of working‑age members (in years) –0.013*
Members’ age * members’ occupation farming 0.006
Household’s size (in numbers) –0.050***
Constant term –0.712*** 4.725***
No. of Obs. 196 194
Log‑likelihood value –137.65 –118.51
Information Criteria 297.29 273.03

Note: *, **, and *** indicate a signiϐicance at 10%, 5%, and 1% level, respectively.
Source: Authors’ estimation using the collected dataset.

Model‑2 of SFA indicate that the input elasticities of pro‑
duction are statistically signiϐicant for seeds and fertil‑
izer and have a positive impact on productive efϐiciency.
However, the marginal effect of fertilizer declines as the
size of the agricultural land is larger. These ϐindings
align with the effects found in the literature [15, 28].

The results found in this paper are insightful in na‑
ture. However, the paper has a few limitations due to
the nature of the dataset. The dataset used for this pa‑
per was a cross‑sectional dataset. Should we have a lon‑
gitudinal dataset, we could analyze the dynamic adjust‑
ment in the technical efϐiciency resulting from the dis‑
aster experiences of the rice producers in the disaster‑
prone coastal areas. Additionally, the ϐindings obtained
in this paper cannot be generalized for the types of natu‑
ral disaster experiences, such as ϐlood and river erosion,
that were not covered during the questionnaire survey.

5. Conclusions and Policy Recom‑
mendations
Our ϐindings indicate that rice production in the

coastal areas of Bangladesh exhibits a lower level of pro‑

duction efϐiciency compared to other regions of the coun‑
try. While technical efϐiciency in these coastal areas
shows considerable potential for improvement, rice pro‑
ducers who have faced recent disaster‑induced shocks
demonstrate a higher level of resilience through adap‑
tive agricultural practices. These practices, in turn, lead
to greater production efϐiciency compared to their coun‑
terparts who have not experienced such shocks. Specif‑
ically, households adversely affected by disasters were
found to have, on average, 20 percent higher techni‑
cal efϐiciency in rice production compared to unaffected
households, controlling for other confounding factors. A
possible explanation for this result is that exposure to
natural hazards drives these households to adopt more
resilient farming techniques and utilize their produc‑
tive capacities more intensively in anticipation of future
risks. The experience of disaster encourages farmers to
innovate and adapt, enhancing their overall efϐiciency.

Understanding the resilient practices employed by
these disaster‑affected households offers valuable in‑
sights for improving rice production across all coastal

528



Research onWorld Agricultural Economy | Volume 05 | Issue 04 | December 2024

communities. Observing the strategies that contribute
to their increased efϐiciency could inform broader agri‑
cultural policies. Government interventions, such as
agricultural extension services or targeted subsidies,
could incorporate these resilience‑building practices to
support rice producers in disaster‑prone coastal regions.
Such policy measures would not only improve produc‑
tion efϐiciency but also enhance the sustainability of rice
farming in these vulnerable areas.

Despite several issues and constraints in the pro‑
duction of rice, a large portion of coastal farmers engage
in rice production for their livelihood. Results obtained
from this research paper can provide important policy
insights to enhance the usage of adaptive measures and
required supportmechanisms for the coastal population
that is based on the agricultural activities involving rice
production for their livelihood.
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