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Cyclone Sidr, which hit in November 2007, caused widespread damage and death among communities in
coastal Bangladesh. A range of actions or ‘coping strategies’ were employed by households to ensure that
their families had sufﬁcient food and income resources to survive in the months following the cyclone.
Coping strategies adopted by the households were categorized into three groups (i) food related, ii)
income generated through selling assets, and iii) income generated though borrowing money. We found
that the range of coping strategies adopted did not depend statistically on access to aquaculture assets,
indicating that neither group (those with aquaculture assets and those without aquaculture assets) was
better equipped to cope with the disaster. Aquaculture ponds were, however, important for supplying
food and income in the post-disaster period and 78% of households were willing to re-invest in aquaculture despite the risk of stock losses and damage to infrastructure during recurrent disasters. It is
concluded that aquaculture ponds are likely to provide a mechanism for coping after a disaster, despite
the costs involved in repairing them. We recommend that aquaculture development be promoted for
income and food security for rural families but that development occurs in areas that does not
compromise other ecosystem functions i.e., mangrove forests. Risk management strategies, such as
raising fast growing ﬁsh, which shortens the production cycle and allows for early harvesting, be
embedded into policy reforms. We also recommend that a diversiﬁed livelihood strategy including nonfarm activities be included in the reforms.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Collectively, ﬁsheries and aquaculture are the second most
important livelihood component in Bangladesh after rice production. Small-scale aquaculture occurs mainly in ponds and contributes to the welfare and nutrition security of poor households
through increased consumption of ﬁsh and incomes (Kawarazuka
and Béné, 2010). An estimated 4.27 million households in
Bangladesh own ponds, covering an area of 0.3 million ha and
providing full- and part-time employment for 1.4 and 11 million
people, respectively (Mazid, 2002; Belton and Azad, 2012). Aquaculture accounted for 53% of total ﬁsh production between 2011
and 2012 (DoF, 2013), underpinning the supply of ﬁsh which is
integral to the Bangla diet. Fish are the primary source of animal
protein, and contribute a large proportion of the vitamin A, calcium,
zinc and iron intake needed by rural households (Roos et al., 2003,
2007b). An average of 37 g of ﬁsh is consumed per person per day
contributing up to 21% of the recommended vitamin A intake (Roos
et al., 2003). Small-scale aquaculture is, however, vulnerable to
natural disasters, particularly during the monsoon season when

Globally, over 300 natural disasters occur every year, which in
2010 resulted in an estimated 106 891 fatalities and cost the global
economy US$109 billion (Guha-Sapir et al., 2012). Bangladesh is
especially vulnerable to natural disasters due to its geographical
position, dense population, high levels of poverty and dependence
on climate sensitive industries, namely agriculture and aquaculture, which support over 60% of livelihoods (Huq, 2001; Paul and
Routray, 2010).
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ﬂooding and cyclones result in signiﬁcant loss of ﬁsh and income
for poor households. While beneﬁcial for household nutrition and
food security, owning aquaculture assets carries risks, and thus has
the potential to increase the vulnerability of poor households to
natural disasters.
Cyclone Sidr crossed the coast of Bangladesh on 15 November
2007 and moved inland, where it caused 3 406 deaths and
destroyed crops, livestock and infrastructure disrupting livelihood
activities (Government of Bangladesh, 2008). It reached a category
4 (Safﬁr Simpson Scale) with wind speeds up to 305 km per hour in
the Bay of Bengal, and 190 km per hour over land (Gutro and Olsen,
2007). An estimated one million households were severely affected,
while 2 million people suffered loss of income and employment in
the more affected districts. The disaster was concentrated in the
districts of Bagerhat, Barguna, Patuakhali, Pirojpur and Barisal
where poverty levels are among the highest in the country (35e
50% of population) (HIES, 2005).
Whilst the national and international community responded
quickly, the disaster tested the ability of households to secure
sufﬁcient food, income and work to survive in the months
following the cyclone. Over the last decade researchers have
investigated the range of coping strategies (behaviors) employed by
households to ensure survival after natural disasters (Skouﬁas,
2003; Paul and Routray, 2010; Helgeson et al., 2013). Coping strategies include reducing household consumption, consuming unfavorable cheap food, consuming seed stock, selling productive
assets, mortgaging land, borrowing money or temporarily
migrating to ﬁnd employment (Paul and Routray, 2010). The type of
coping strategy a household employs has implications for recovery,
resilience, and whether or not a household remains in poverty
(Skouﬁas, 2003). Formal credit services, for example, and other
income sources are often inaccessible to poor households, preventing them from re-purchasing productive assets and re-building
livelihoods (Skouﬁas, 2003). Of particular consequence for poverty
traps are circumstances where households are forced to reduce
investment in child nutrition, health care and education (Skouﬁas,
2003). Decisions to make these sacriﬁces in order to survive post
disaster are driven by complex socio-economic factors such as
educational attainment, age of the household head and a household’s access to human, ﬁnancial, natural, physical and social assets
(Lal et al., 2009; Paul and Routray, 2011; Webster, 2013). Understanding differences in the way that a household copes, based on
these socio-economic factors, contrasts groups of people who are
particularly vulnerable, against those who are well positioned to
cope with disaster (Vadacchino et al., 2011). This informs policy
interventions which encourage the development of resilient
farming systems that reduce the vulnerability of poor households.
The role of aquaculture ponds in reducing household vulnerability has rarely been studied and there is a paucity of literature
regarding the role of ponds as multipurpose resources in postdisaster coping (Little et al., 2007). Ponds may cushion households from different types of shocks and vulnerability, improving
their resilience to unforeseen events. The physical structure of
ponds may provide protection against otherwise catastrophic ﬂood,
while water reserves in the pond may offer protection against
drought (Little et al., 2007). Pond-raised ﬁsh may act as more easily
liqueﬁable assets that can be sold to acquire income, similar to the
demonstrated role of livestock within smallholder systems (Little
and Edwards, 2003; Helgeson et al., 2013). Smoothing consumption of ﬁsh can, in principle, relieve hungry periods common in
post-disaster situations and positive impacts on expenditure and
income may emerge (Little et al., 2007).
The purpose of this paper is to evaluate the role of aquaculture
in improving a family’s ability to cope with disasters like cyclones.
Small-scale aquaculture is expanding in deltas globally. This work,

therefore, seeks to better understand the role of such household
assets in one particularly vulnerable region; coastal Bangladesh.
Beneﬁts and the potential contribution of aquaculture towards
surviving after a catastrophe are explored. That is to say, the
objective of this study is to assess whether aquaculture is an asset
or a liability for people living in disaster-prone coastal areas. The
multifaceted roles of aquaculture assets are elucidated, including
their contribution towards food and income security. Recommendations for improved management and disaster preparedness are
presented in a bid to enhance the ability of rural communities to
cope with such disasters. We conclude by discussing the limitations
for the expansion of aquaculture within a diversiﬁed livelihood
strategy.
2. Methodology
2.1. Project area and study households
The Cyclone Affected Aquaculture Rehabilitation Project
(CAARP) funded by USAID was implemented in the wake of Cyclone
Sidr in ﬁve districts: Patuakhali, Barisal, Jalokathi, Pirojpur and
Bagerhat from 2007 to 2009, where an estimated total population
of 7.57 million people lives (Fig. 1) (Government of Bangladesh,
2008). According to the upper poverty line, many of the inhabitants in these districts live in poverty, according to the upper
poverty line, particularly in the Barisal Division where the poverty
rate was 52% in 2007 (Government of Bangladesh, 2008; HIES,
2005).
The coastal delta in the affected areas consists of low-lying land
(<3 m above sea level) which is vulnerable to ﬂoods and storm
surges. Soils are highly fertile and, in areas unaffected by saline
intrusion, agricultural productivity is high. Land holdings are
typically small, with 55% of the population owning <0.01 ha due to
land shortages, and in some areas increasing demand for other land
uses such as infrastructure, industry, and urban settlement
(Government of Bangladesh, 2008).
The present study is based on data collected, during that project,
from two groups of households; 1) households owning aquaculture
ponds who were part of CAARP and 2) households who did not own
aquaculture ponds and who were not part of CAARP but who
received post disaster assistance from other aid agencies.
2.2. Cyclone affected aquaculture rehabilitation project (CAARP)
and household characteristics
A detailed description of CAARP is given in WorldFish Center
(2009). Brieﬂy, the most vulnerable aquaculture households
were identiﬁed and supported through the CAARP. Priority was
given to include female headed/managed households and the
worst affected households. Farmers who were not already
receiving Sidr aquaculture relief from other NGOs were also
considered during farmer selection. Essentially, the project
selected the most vulnerable households who had no scope for
continuing their aquaculture farming in 2008, and were deemed
to be reliant on aquaculture as their main source of income. In
addition, households owning aquaculture ponds, and who were
deﬁned as functionally landless (landholdings of <0.2 ha), inclusive of the homestead, pond, vegetable ﬁeld, rice ﬁeld and any
other land, were also given high priority. A total of 37 523
farmers were assisted by CAARP, and 69% of these (25 890
farmers) were considered functionally landless, with landholdings <0.20 ha (HIES, 2005). A further 9 221 farmers had only
moderate land holdings (0.21e0.40 ha) and 2 412 farmers,
comprising 6% of the total CAARP participants, had landholdings
between 0.41 and 0.60 ha (WorldFish Center, 2009).
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Fig. 1. The location of the ﬁve survey districts in the cyclone affected area of the Bangladesh coastal zone.

CAARP households were involved in aquaculture in various
ways and were categorized according to aquaculture system type
(ﬁsh, prawn or shrimp), and levels of cyclone damage (Table 1). The
majority of farmers participating in the CAARP cultured primarily
ﬁsh, while the remainder focused on growing prawns and shrimp
(Table 1). Overall, 24% of farmers (9 094) suffered category 1
damage, and 76% category 2 damage (Table 1). Key CAARP activities
included provision of aquaculture starter packs, consisting of either
ﬁsh, shrimp or prawn (both ‘seed’ and fertilizer). Capacity building,
in the form of infrastructure repair and training (improved management practices), was also conducted, so that farmers could reestablish their farms and possibly also increase productivity
compared to pre-cyclone levels.
2.3. Sampling methodology
Data for the present paper were derived from two sources: (i) a
questionnaire of post-disaster coping mechanisms (aquaculture
and non-aquaculture households); and (ii) focus group discussions
(aquaculture and non-aquaculture households). Data from the
questionnaire were analyzed using the statistical software R (R Core
Team, 2013) and information from the focus group discussions was
used to support the statistical analysis.
2.3.1. Questionnaire
In February 2009 a questionnaire based survey of 401 households was carried out to assess the role of aquaculture in coping

with the after-effects of Cyclone Sidr. The questionnaire was
completed by 266 CAARP households with aquaculture ponds, and
135 non-CAARP participants (without aquaculture assets). All 401
households (aquaculture and non-aquaculture) were selected from
the ﬁve districts identiﬁed during the CAARP (Patuakhali, Barisal,
Jalokathi, Pirojpur and Bagerhat). There were 18 partners working
with WorldFish on CAARP and these partners compiled a list of all
households in each of these ﬁve districts. The list was used to
identify aquaculture and non-aquaculture households and to assign
each household an identiﬁcation number. A random number
generator was subsequently used to select households to participate in the questionnaire and all households had to be deemed as
vulnerable according to their asset base and income. If they did not
meet these criteria different households were again selected at
random. Preliminary analysis demonstrated no signiﬁcant difference in land holding size (a proxy for wellbeing) between aquaculture households and non-aquaculture households (t-test;
P > 0.005).
2.3.2. Examining the probability of having a pond for aquaculture
given the age and education level of the head of the household
In general the survey data were complex and challenging to
analyze statistically. We ﬁrst explored the data to assess the degree
of confounding using ‘lattice’ graphics available for the R statistical
software package (Sarkar, 2008). As a result data subsets that could
not support statistical analysis were discarded. The numbers of
respondents who had any tertiary education, for example, were too
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Table 1
Number and characteristics of CAARP project participants at the time of the present
study (2008).
Culture
animal

Damage category 1
No. households

Pond
area (ha)a

Damage category 2
No. households

Pond
area (ha)a

Fish
Prawn
Shrimp
Total

7 093
1 621
380
9 094

280
104
66
451

22
3
2
28

882
268
389
1 539

164
934
331
429

Category-1: 25% dike damaged due to storm surge and fallen trees, moderate
siltation, no desiltation required, large trees fallen in the ponds, water polluted and
100% stock lost. Category-2: Not ﬂooded, minor or no dike damage, no siltation,
water polluted due to fallen leaves and run off, 80% stock lost due to water pollution.
a
Total area of all ponds.

small to be analyzed and were therefore removed from modeling;
only participants who had no education (code ¼ 0), those who had
primary education attending classes 1 to 5 (code ¼ 1), and those
who had secondary education attending classes 6 to 10 (code ¼ 2)
were included in the ﬁnal analyses.
Initially, we examined whether ownership of an aquaculture
pond was dependent on age and/or level of education of the heads
of each household surveyed, as these factors are known to be
contributing determinants of how a family copes with a natural
disaster (Paul and Routray, 2011), and may confound our analysis
and interpretation of models. We did this by modeling the probability of owning a pond given the age and education of each
household head using binary generalized linear models which are
part of the standard or “base” R installation (Venables and Ripley,
2002; R Development Core Team, 2006). By ﬁtting the series of
nested models (1e4) below we were able to assay, statistically,
whether age and educational attainment of households were signiﬁcant predictors of aquaculture pond ownership:
1.
2.
3.
4.

Pr(Pond)
Pr(Pond)
Pr(Pond)
Pr(Pond)

¼
¼
¼
¼

1
Age
Age þ Education
Age * Education

where Pr(Pond) is the probability of owning a pond for aquaculture, Age is the age of the household head in years, ﬁtted as a
numeric term, and Education is the educational level ﬁtted as a
factor variable.
The response variable (household) category was thus coded
0 for non-pond and 1 for possessing a pond. We are, therefore,
modeling the probability of owning a pond given the speciﬁc demographics of each household. Analysis of deviance tests between
the nested models above then allowed determination of the ‘best’
model. Model 1 is the NULL model; 2 assumes that household
category (i.e. aquaculture or non-aquaculture livelihood strategy)
depends linearly on the age of the household head; model 3 assumes that household category depends linearly on both the age
and the education level of the household head; while model 4 assumes that household category depends on both the age, and the
level of education of the household head; and that there is an
interaction effect between these two ‘independent’ variables.
2.3.3. Modeling how households coped in the wake of Cyclone Sidr
Differences in the manner that households with and without
access to aquaculture assets coped in the aftermath of the Sidr
disaster were also similarly examined; i.e. by using exploratory data
analyses, followed by conﬁrmatory statistical testing using binary
generalized linear models (McCullagh and Nelder, 1989). Prior to
analyses the survey data were split into the following three overall

‘coping strategies’: (i) food security; (ii) generating income by
selling household assets; and (iii) generating income via borrowing.
For example, in the food security category each respondent was
asked whether he or she ‘limited portions at mealtimes’, and how
frequently this was done (e.g. never, seldom, sometimes, often, and
daily).
For each of the three coping strategy datasets we calculated the
proportion (percentage) of household heads that had selected each
combination of ‘coping strategy’ (e.g. limiting portion size) and
‘frequency’ (e.g. seldom). A certain percentage, therefore, would opt
for ‘Reducing the number of meals’ ‘Often’. By then linking the
characteristics of each household head (e.g. age or educational
level) to these responses we could test whether factors such as
owning or pond or the age of the household head were statistically
important, given other factors such as educational attainment that
were already included in the model.
The probability of making each choice was then explored using
generalized linear models from the quasibinomial family which are
also part of the standard or “base” R installation (R Core Team,
2013). Quasibinomial models were used to correct for ‘underdispersion’ (Smith, 1983). To simplify the analytical process the
ages of household heads were ﬁrst grouped into three age categories (old >55, mid 40e55, young < 40). Close examination of the
data revealed that most respondents were in the ‘mid’ age category
and there was considerable confounding between age category and
the educational attainment variable, i.e. there was not a big enough
range of educational levels within each of the age categories to
separate the effects statistically.
Hence the decision was made to limit modeling and statistical
testing to the ‘mid’ age category. Similarly, the distribution of
educational attainment within the ’mid’ age category was so patchy
that we focused the conﬁrmatory statistical analyses on education
levels 0, 1 and 2 only. The differences in the coping strategies that
respondents said they adopted were analyzed using the following
series of regression models which were, again, compared and
contrasted using analysis of deviance tests. The proportions or
percentages calculated can also be considered as ‘probabilities of
having used a particular coping strategy’ (or probability of saying
each respondent used a particular coping strategy). We think this
eases comprehension, and is the best way to interpret the models
and their output.
1.
2.
3.
4.

Pr(choice)
Pr(choice)
Pr(choice)
Pr(choice)

¼
¼
¼
¼

1
coping strategy * frequency
coping strategy * frequency þ Education
coping strategy * frequency þ Education þ pond

where Pr(choice) is the probability of selecting a particular
combination of coping strategy (e.g. ‘consuming rice seed stock’)
and frequency (e.g. ‘often’ or ‘never’).
‘Coping strategy’ is the action the household (head) took to
ensure food or income in the 60 days following the cyclone. As
mentioned above ‘frequency’ refers to the number of times that a
household head said he or she employed a particular coping
strategy. Households were only able to select one ‘frequency’ for
each coping strategy. ‘Education’ in the models refers to education
levels 0, 1 or 2 and ‘pond’ refers to whether a household had access
to aquaculture ponds or not. Responses were only analyzed for
households who said that they were not forced to employ coping
strategies before Cyclone Sidr, but did employ coping strategies
after Cyclone Sidr.
Analysis of deviance tests allowed us to ﬁnd the ‘best’ model.
Model 1 is the NULL model; model 2 assumes that the probability
(or percentage) of respondents making each choice depends on the
combination of coping strategy and frequency; model 3 assumes
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that the probability (or percentage) of respondents making each
choice depends on the combination of coping strategy and frequency, plus the level of education obtained by each the household
head; while model 4 assumes that the probability (or percentage)
of respondents making each choice perforce depends on the combination of coping strategy and frequency, the level of education of
the household head, and whether that particular household head
had an aquaculture livelihood strategy.
The analysis of deviance test between models 3 and 4, for
example, allows us to ascertain statistically whether or not it pays a
mid-age (40e55) household head to engage in aquaculture, given
that educational effect has been taken into consideration (NB. we
were only able to ‘test’ the mid-age range statistically due to confounding effects with the educational variable). To plot the model
output a data set of all permutations among the ‘predictor’ or ‘independent’ variables (e.g. education) was constructed, and parameters from the model used to ‘predict’ values over each
combination.
The basic data analytical protocol described above in detail for
the ‘food security’ group of questions was repeated for the two
other coping strategy groupings, generating income by either
selling assets or borrowing money.

5

Table 2
Agricultural assets owned by aquaculture farmers and non-aquaculture farmers.
Agricultural assets

Land total (ha)
Pond area (ha)
Rice ﬁeld (ha)
Vegetable ﬁeld (ha)
Poultry (no.)
Fishing net (no.)
Cattle (no.)
Goats (no.)
Plough (no.)
Boat (no.)
Buffalo (no.)

Aquaculture

Non-aquaculture

Mean

SD

N

Mean

SD

N

0.25
0.06
0.26
0.05
24
2
3
3
1
1
2

0.30
0.10
0.25
0.06
43
1
3
3
0
0
2

266
266
163
170
242
134
133
74
51
32
11

0.14
NA
0.31
0.04
19
1
2
3
1
1
2

0.33
NA
0.45
0.04
31
1
1
2
1
0
1

135
NA
53
66
106
49
39
46
16
16
2

aquaculture households was 1.4  0.1 (0 representing no education,
1 representing primary education and 2 representing secondary
education) compared to 0.9  0.1 for heads of non-aquaculture
owning households. There was no signiﬁcant interaction effect
between age and education level (df ¼ 5, P ¼ 0.616).
3.2. Impacts of Cyclone Sidr

2.3.4. Focus group discussions
Focus group discussions, (FGDs) with 108 (58 CAARP households
and 50 non-CAARP households) households, were used to generate
qualitative data to complement that generated through the questionnaire. Each of the FGDs involved groups of 10e12 people from
nine villages in the ﬁve districts. Each group was asked semistructured questions relating to their experiences during and after Cyclone Sidr and relating to their losses and coping strategies.
Participants spoke openly and discussed issues with one another as
well as with the FGD facilitators, who were staff members of the 18
partner organizations of CAARP. Due to the small sample size of
nine groups and the poor recall abilities of FGD participants, the
results were primarily used to contextualize the role of aquaculture
with respect to other post-disaster coping options and were not
analyzed statistically.
3. Results
3.1. Household demographics and agriculture assets prior to
Cyclone Sidr
Sixty nine percent of all households participating in the questionnaire were functionally landless (<0.2 ha land), having access
to an average of 0.07  0.06 ha, and the remaining households had
much larger land holdings, with an average 0.50  0.40 ha. Though
aquaculture households had slightly larger landholdings than nonaquaculture households, this difference was not signiﬁcant (t-test;
P > 0.05). Both aquaculture and non-aquaculture households had
diverse livelihoods including poultry production (89% of all
households), vegetable gardens, livestock rearing, capture ﬁsheries,
rice cultivation and aquaculture (Table 2). The prevailing aquaculture systems in Patuakhali, Barisal, Jalokathi, Pirojpur and Bagerhat
were household ponds.
The demographic characteristics of the heads of aquaculture
households were signiﬁcantly different from the heads of nonaquaculture households (see Table S1 in supporting information),
with the probability of practicing aquaculture increasing linearly
with age (df ¼ 1, P ¼ 0.001) and combined age and education level
(df ¼ 5, P ¼ 0.000) (see Figure S1 in supporting information). The
mean age of the heads of aquaculture households was 47  1 y
while the mean age of the heads of non-aquaculture households
was 42  1 y. Similarly, the mean education level of heads of

Jhalokathi and Priojpur districts were the most impacted regions, with 34% of houses being severely damaged. Barisal also
suffered 32% severe damage followed by Bagerhat and Patuakhali
with 24% and 18% severe housing damage, respectively. Cyclone
Sidr also created widespread damage to aquaculture infrastructure
(Table 3). Eighty eight percent of aquaculture households reported
water pollution, while 86% of households reported damage from
debris and accumulation of fallen trees and tree branches in ponds.
In addition, 80% of households reported widespread ﬂooding and a
further 76% of households suffered damage to pond embankments.
Thus, cyclone Sidr also caused ﬁsh, prawn and shrimp mortality.
Forty six percent of aquaculture households reported complete loss
of aquaculture stock (Table 4). Of the households which had stock
remaining, a total of 34% of initial stock survived. During focus
group discussions, farmer’s perceptions of the vulnerability of
different commodities to cyclone damage and the impact of such
losses on household income and food security were elucidated. Rice
and ﬁsh were perceived as being at high risk of damage or
destruction, being rated 2.9 on a scale of 0e3. The loss of rice and
ﬁsh was also rated as highly detrimental to household income and
food security. Livestock was perceived to be the least vulnerable,
being rated 1, and suffering only low mortality.
3.3. Coping strategies
Four hundred and one households participated in a questionnaire and were asked about the strategies they used to cope in the
60 days post Cyclone Sidr. Participants were asked how they coped
with two limiting factors including, limited food and income.
Questionnaire participants were also asked if they employed these
Table 3
The proportion of aquaculture households suffering impact to
aquaculture assets from Cyclone Sidr.
Impact type

% Households

Water pollution
Tree damage
Water inundation
Embankment damage
Heavy silting
Saline water intrusion

88
86
80
76
32
13
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Table 4
The level of aquaculture stock loss incurred during Cyclone Sidr.
Proportion pond stock loss

No. HH affected (%)

Few losta
Half lost
Most lostb
All lost
% of HH with stock remaining
% of stock remaining per HH

10 (4)
29 (11)
104 (39)
123 (46)
54
34

HH ¼ household.
a
Assume that “few lost” is equivalent to 25%.
b
Assume that “most lost” is equivalent to 75%.

coping strategies before Cyclone Sidr and only those households
which did not employ coping strategies before Cyclone Sidr but did
employ a coping strategy after Cyclone Sidr were used in further
analysis.
3.3.1. Food security
Participants were asked what strategies they employed to acquire sufﬁcient food for their families in the months following
Cyclone Sidr. Participants were also asked how frequently (daily,
often: 3e6 days a week, sometimes: 1e2 days a week, seldom: <1
day a week, or never) the post-Cyclone Sidr conditions forced them
into employing these coping strategies to feed themselves and their
families. Households with and without aquaculture ponds
employed similar coping strategies (P ¼ 0.968; Table S2 in
supporting information). Conversely, educational attainment of
the household head was a signiﬁcant determinant of how families
coped in the months following Cyclone Sidr (P ¼ 0.042; Table S2 in
supporting information). A higher percentage of households in
which the household head had no education said that they were
forced to employ a coping strategy between 3 and 7 days a week,
compared households whose head received primary or secondary
education (see ‘daily and ‘often’ panels in Fig. 2a, compared to
‘daily’ and ‘often’ in Fig. 2b and c).
A common coping strategy (action) to ensure food security by
both aquaculture and non-aquaculture households was to consume
cheap food, with a high proportion of households, across educational levels, applying this strategy between 3 and 6 days per week
(Fig. 2). Many households also reduced the number of meals they
ate in a 24 h period, and families were often forced to apply this
strategy >3 days per week (Fig. 2). Nearly every household reported
that they limited food portion sizes at least once per week. Given
that this was such a common coping strategy we looked deeper into
‘limiting portion sizes’ as a means to ensure food security. This
revealed that a higher percentage of aquaculture households
limited portion sizes ‘never’, ‘seldom’, ‘sometimes’ than nonaquaculture households, while a higher percentage of nonaquaculture households limited portion sizes ‘often’ and ‘daily’
(Table 5).
Despite there being no difference in the actions that aquaculture and non-aquaculture households took to cope with the
limited food availability, there is some evidence that having access to aquaculture ponds helped families cope after a natural
disaster. Just over half of the aquaculture households had ﬁsh
remaining in their ponds after the cyclone (Table 6). Focus group
discussions (FGD) revealed that the most important source of
food in the 60 days following Cyclone Sidr, was rice, followed by
aquaculture products. Families with ponds relied on them for
food post-cyclone, consuming more than half the usual amount
than in the previous two years, despite large losses. Aquaculture
systems were the only food producing asset that provided
households with access to both food and income. A total of
4 009 kg of ﬁsh were utilized from these households with a mean

of 10  9 kg from each pond being used for consumption
(Table 6). Eighty seven percent of households with ﬁsh remaining
in their ponds used the ﬁsh as a food source and 59% used the
ﬁsh as a source of income (Table 6). The ﬁsh remaining in ponds
provided a supply of food for several months. It was especially
important during the ﬁrst month when 24% of households with
ponds and ﬁsh remaining relied on the ponds for food.
3.3.2. Income security
Participants were asked about coping strategies (actions) they
employed to ensure that they had sufﬁcient income after Cyclone
Sidr. Income was generated through two broad mechanisms; 1)
utilizing assets or 2) borrowing. Examples of coping strategies
grouped under ‘utilizing assets’ include selling or mortgaging assets, utilizing savings and reducing money spent on medical
treatment. Examples of coping strategies grouped under
‘borrowing’ include borrowing money or grain from neighbors,
NGOs or banks. Analysis of the ‘borrowing’ strategies also gives an
indication of access to social capital, because borrowing is often
achieved through informal insurance structures accessible through
social networks (Helgeson et al., 2013).
The results for income strategies were similar to those for food
security and we have therefore not presented these data. There was
no signiﬁcant difference in the actions that aquaculture and nonaquaculture households took to ensure they had some income for
household expenditure through either selling assets (P ¼ 0.989) or
through borrowing money from a lender (P ¼ 0.989). However, the
educational attainment of the household head had a signiﬁcant
effect on determining the actions that a family took to ensure they
had sufﬁcient income to cope in the months post Cyclone Sidr
(selling assets, P ¼ 0.000; borrowing money from a lender,
P ¼ 0.005).
Across household types, the most common coping strategies
were to use savings, reduce expenditure on medical treatment, sell
livestock and trees and to secure a loan from an NGO or neighbors.
Across the two household types (aquaculture and non-aquaculture)
38% of households used savings to cope and 34% of households
reduced expenditure on medical care. Eighteen and 19% of households sold livestock and poultry, respectively. Advanced sales of
standing crops, fruit and ﬁsh were also among the strategies
adopted. During focus group discussions participants explained
that the volumes of shrimp, ﬁsh and prawn sold by households fell
by more than half during 2007, but still contributed to post-cyclone
sales for cash. Reportedly, aquaculture was also among the most
important sources of income along with livestock and for some
social groups, betel leaves.
Approximately 77% of both aquaculture and non-aquaculture
households had access to social capital and were provided with
items such as ploughs, fertilizers, seed and household items from
family members, neighbors or friends to cope with limited
expendable income.
3.4. Investment and rehabilitation priorities: perceptions of
aquaculture households
During focus group discussions nine groups of aquaculture
households were asked to rank aquaculture and other agricultural
income options, such as rice, livestock, poultry and vegetables, with
respect to their investment priority. Seven of the nine groups
ranked investment in aquaculture as second only to rice and this
was reﬂected during cyclone cleanup efforts, with 78% of aquaculture households re-investing in rehabilitation measures despite
high stock losses during the cyclone. Mean investment in rehabilitation of aquaculture assets was US$ 23  2 per household.
Households also placed a high priority on physical rehabilitation of
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Fig. 2. The percentage of households, whose head had a) no education, b) primary education and c) secondary education, that employed coping strategies to ensure household food
security. Note ‘often’ ¼ 3 days a week, ‘sometimes’ ¼ 1e2 days a week and ‘seldom’ ¼<1 day a week.

aquaculture ponds. Within a week, most farmers had cleaned
ponds by removing the silt and other farmers simply repaired dikes
and removed trees. Over 70% of the ponds that were not de-silted
returned to a state that was deemed suitable for restocking
within 4 weeks.

3.5. Perceptions of non-aquaculture households
The perceptions of non-aquaculture farmers were generally
positive towards rehabilitation and recovery of aquaculture systems. One hundred and twenty seven non-aquaculture households
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Table 5
Percentage of households who were forced to limited their portion sizes which did
not limit portion sizes before Cyclone Sidr but did limit portion sizes after Cyclone
Sidr.
HH category

Never

Seldom

Sometimes

Often

Daily

AQ HH
Non-AQ HH

7
4

17
16

30
18

37
44

10
19

AQ HH ¼ households who own aquaculture ponds.
Non-AQ HH ¼ households who do not own aquaculture ponds.

Table 6
Utilization of ﬁsh from homestead ponds in the 60 days following Cyclone Sidr.
Use of ﬁsh

No.
of HHa

% of
total

Total amount
of ﬁsh
used (kg)

Mean amount
of ﬁsh used from
each pond (SE)

Eat
Sale
Gift
Keep
Eat and sale
Total

123
84
37
37
76

87
59
26
26
54

1 267
1 230
151
1 361

10
16
5
37

(9)
(19)
(4)
(15)

4 009

a

Note only 142 out of 266 households had ﬁsh remaining in their ponds but
households with ﬁsh remaining could chose more than one option for utilization.

(94%) regarded aquaculture as a good asset in a disaster prone area,
stating that aquaculture provided additional food and income after
a natural disaster. The majority (86% and 58%, respectively) of nonaquaculture households also stated that aquaculture systems provided a source of income and water for household consumption.
Also, 69% of respondents considered aquaculture a good asset
because dike cropping provides a further increase in income.
Despite the positive responses non-aquaculture households stated
that they could not engage in aquaculture because they did not
have sufﬁcient land or capital.

3.6. Management of risk in aquaculture
Household risk management strategies were explored using
questionnaire data from focus group discussions. These included
physical interventions such as constructing net fences around the
perimeter of the ponds and elevating dikes to avoid overspill and
loss of stock. Clearing debris and trees from the outside of the
ponds in order to reduce organic deposition during storms and
pond shading throughout the year was also suggested. Other strategies, including frequent partial harvesting, restocking of less
vulnerable species and modiﬁcation of production systems, for

example, from ponds to improved gher systems (the term gher
refers to a paddy ﬁeld that has been modiﬁed for shrimp or prawn
production) or to nursery systems, were also suggested by 48%, 39%
and 21% of survey respondents, respectively. Culturing bottom
dwelling species may reduce stock losses, and species with short
production cycles such as tilapia (Oreochromis niloticus), sarputi
(Puntius gonionotus) and silver carp (Hypophthalmichthys molitrix)
were recommended to ensure early harvesting before cyclone
season. In addition, adaptation of production cycles, through timed
stocking, to align harvesting before the beginning of the cyclone
season would help to reduce major stock losses (Fig. 3). For
example, full harvest in August or September, or selective harvesting of larger ﬁsh prior to the OctobereNovember cyclone season is recommended (Fig. 3).
4. Discussion
4.1. Is aquaculture an asset or a liability?
A variety of coping strategies (actions) were employed by families in the southern coastal zone of Bangladesh in response to
Cyclone Sidr. We classiﬁed households into two groups e aquaculture and non-aquaculture e and investigated differences in the
ways households coped to determine the role of aquaculture in
supplying food and income after the natural disaster. A Generalized
Linear Regression model (GLM) demonstrated that households
with access to aquaculture assets responded in similar ways i.e.
applied similar coping strategies at a similar frequency to households without aquaculture assets. This implies that nonaquaculture households had access to additional or different assets which also provided food and income for families to cope post
cyclone. This ﬁnding could also imply that aquaculture ponds are
neither an asset nor a liability in comparison to other agricultural
assets, though additional qualitative evidence gathered through
focus group discussions suggests that aquaculture ponds make a
valuable contribution to supporting households in the wake of a
natural disaster. Over half of aquaculture households had ﬁsh
remaining in their ponds after Cyclone Sidr, and from each of these
ponds approximately 10 kg of ﬁsh was used for consumption. The
food production sector in Bangladesh was severely impacted by
Cyclone Sidr, resulting in a reliance on dry processed food which
offered limited nutrition in the weeks following the cyclone
(Government of Bangladesh, 2008; Islam et al., 2011). For half of the
households, owning a pond meant that a nutritious animal source
food was accessible for months following the cyclone, despite the
nationwide food crises. Fish, rich in calcium (when eaten whole),
vitamin A, zinc and protein (Roos et al., 2007a), were also shared

Fig. 3. Current cropping cyclone calendar constructed through focus group discussion ﬁndings. ‘Bagda’ refers to Penaeus mondon, ‘golda’ to Macrobrachium rosenberghei, ‘boro’ to
dry season rice and ‘amon’ to wet season rice. Stars denote the disaster prone periods.

Please cite this article in press as: Karim, M., et al., Asset or liability? Aquaculture in a natural disaster prone area, Ocean & Coastal Management
(2014), http://dx.doi.org/10.1016/j.ocecoaman.2014.04.021

M. Karim et al. / Ocean & Coastal Management xxx (2014) 1e10

among relatives and neighbors during social gatherings. This acted
to strengthen the social networks of aquaculture households, an
invaluable contribution given the fundamental role of social networks in coping, rehabilitating and adapting after a disaster event
(Pomeroy et al., 2006; Paul and Routray, 2010, 2011). In addition,
ponds also served as a source of income and a supply of water for
both household use and livestock.
Aquaculture, however, carries risks which, if not managed, can
result in an aquaculture pond putting extra ﬁnancial pressure on a
household following a natural disaster. Damage to dikes, ﬂooding
and stock loss occurred in many of the ponds and, in response, the
majority of aquaculture households spent over US$20 per household to restore their ponds. The gross national income per capita in
2007 was US$510 (calculated using the Atlas method), so US$20
represents a signiﬁcant proportion of the income for poor rural
households (The World Bank, 2012). The additional ﬁnancial
pressure of rehabilitation after a natural disaster or extreme
weather events can force households to sell other productive assets, remove children from school and reduce household consumption (Ahmed and Garnett, 2010; The World Bank, 2010).
Individual or cluster insurance is recommended to abate aquaculture risks (Vadacchino et al., 2011). However, there are limited insurance programs for shrimp and virtually no insurance for ﬁsh
farming in Bangladesh (van Anrooy et al., 2006; The World Bank,
2010). Building on and strengthening existing insurance and
microﬁnance institutions is essential for kick-starting small businesses after a disaster (Pomeroy et al., 2006). In addition, system
adaptation will help reduce the risk and enhance the role of
aquaculture ponds for poor communities coping with natural
disasters.

4.2. Improved coping: reducing aquaculture vulnerability through
adaptation
Aquaculture development has been recommended as a strategy to reduce food insecurity and poverty of poor communities
(Ahmed and Lorica, 2002), and during focus group discussions
both aquaculture and non-aquaculture farmers in the present
study reported ponds to be an asset in a disaster prone area.
There is opportunity to adapt aquaculture systems by improving
infrastructure and management practices. Recommended adaptations in the broader literature and the present study include
increasing dike height to reduce stock escape in the interest of
both the receiving environment and the farmer (Vadacchino
et al., 2011). Choosing species which are fast growing, bottom
dwelling or endemic will also reduce the duration between harvest cycles, reduce the risk of escape and reduce biodiversity
impacts in the event that stock does escape (Vadacchino et al.,
2011). Choice of the most suitable livelihood options will also
reduce risks (Pomeroy et al., 2006). Participants in the present
study suggested that aquaculture households in disaster prone
areas could consider ﬁngerling production, which is relatively
quick, while regions in the north, which are lower risk areas,
could consider ﬁsh grow-out, which is considerably longer and
thereby more risky. While these measures provide practical solutions for adapting systems to a changing climate, the cornerstone of sustainability and coping is developing the capacity of
farmers to assess risks, innovate and continually adapt systems
and transfer knowledge among one another (Smit and Wandel,
2006; Anik and Khan, 2011; Vadacchino et al., 2011). These
measures potentially enhance the sustainability of productive
assets in high risk areas and help to break poverty cycles in which
marginalized communities are often embedded (Chowdhury,
2008).
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4.3. Improved coping: aquaculture as part of a diversiﬁed livelihood
Although aquaculture is well suited to the aquatic-agricultural
landscapes of Bangladesh, income diversiﬁcation, particularly
away from a reliance on natural resources, has long been recognized as an effective way to enhance a household’s capacity to cope
with a natural disaster (Pomeroy et al., 2006; Paul and Routray,
2011). Households in the study area practiced diversiﬁed livelihood activities including production of vegetables, livestock,
poultry, ﬁsh and trees, which helped them to cope with Cyclone
Sidr through sale or consumption of productive assets. Diversiﬁcation provides opportunities for a “food bank” and an “income
bank”, through ownership of varied and disposable assets which
spread the risk of income failure associated with reliance on a
single livelihood activity (Allison and Ellis, 2001).
4.4. Improved coping: other factors driving coping
Making the decision to apply a coping strategy is driven by a
complex array of factors, such as age, education level, land holding
area, access to productive assets, geographic vulnerability, cultural
or religious norms and social networks (Paul and Routray, 2011).
Variability in these factors is likely to partly explain the lack of
difference in the way that aquaculture and non-aquaculture
households coped with the cyclone. Some of these factors (e.g.
land holding area) varied signiﬁcantly within each group, often
more so than between aquaculture and non-aquaculture
households.
In the present study, adding education as a factor to the GLM
demonstrated that education was indeed a signiﬁcant determinant
of deciding to apply a coping strategy, which has been demonstrated previously (Paul and Routray, 2010, 2011; Helgeson et al.,
2013). . Across aquaculture and non-aquaculture households, a
higher proportion of household heads with secondary education
never applied a coping strategy to ensure food security than those
with no education. This is likely because household heads with a
higher education level store food and ensure they have savings to
cope with food insecurity during natural disasters (Paul and
Routray, 2011). Coping capabilities can be increased through investment in education and training, in particular addressing natural
disaster awareness and risk management (Pomeroy et al., 2006). In
addition, households with a more educated head are better able to
predict (through traditional methods) and understand weather
forecasts regarding the approach and severity of a weather event
which enables efﬁcient preparation and improves coping (Paul and
Routray, 2011; Webster, 2013).
Disaster forecasting and efﬁcient communication networks
reduce vulnerability of the poor and foster preparedness, allowing
communities to implement mitigation measures before a natural
disaster (Westlund et al., 2007; Lal et al., 2009; Webster, 2013).
Bangladesh has a reasonably advanced disaster forecast and
communication network system; the Regional Integrated and
Multi-Hazard Early Warning System (RIMES) (Webster, 2013). As a
result of this system some communities were recommended to
harvest crops early, move livestock to higher ground and stockpile
water and food supplies in preparation for the ﬂoods in mid-2007
(Webster, 2013). This resulted in savings of US$400-500 per
household (Webster, 2013). However, limited funding for the system limits the capacity to stay up-to-date with global forecast
systems (Webster, 2013). Given the substantial savings attributed to
RIMES policy reforms, investment in RIMES are called for. Aquaculture extension and communication networks should be aligned
with RIMES and aquaculture participatory action research programs should incorporate disaster risk reduction and management
training.
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4.5. Limitations
Although the present study has limitations i.e. problems associated with memory recall for survey data collection and interpretation and analysis of survey data (Alemayehu et al., 2011), the beneﬁts
of aquaculture in coping with a disaster were evident. Both aquaculture and non-aquaculture households demonstrated willingness
to invest or re-invest or in aquaculture ponds but private sector investment in aquaculture must be managed to ensure systems are
designed to reduce environmental impacts and pressure on natural
resources (Hall et al., 2011). Fierce competition for input resources
such as water, nutrients, seed and energy can lead to unsustainable
use of these resources and can exclude poor households from
accessing or maintaining aquaculture assets. Moreover, aquaculture
systems are often optimized to produce only large ﬁsh cultured
speciﬁcally as income earners, and these ﬁsh are typically sold at the
markets, forgoing any potential nutritional beneﬁts for poor
household (Beveridge et al., 2013). There are emerging technologies
which are centered on polycultures of mixed carp species and small
ﬁsh species to provide both income (carp) and a rich source of protein and micronutrients (small ﬁsh) (Wahab et al., 2011). These
systems have potential to reduce the vulnerability of poor households through provision of both income and nutritious small ﬁsh and
such design considerations are paramount to ensuring aquaculture
becomes an asset and not a liability in a disaster risk area.
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