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ARTICLE INFO ABSTRACT

Keywords: How farmers perceive climate change has an influence on how they adapt to climate change. Climate change

Pe_l’CEPﬁOH perception and vulnerability were assessed based on the household survey information collected from randomly

\Cllli'“ate;}l{ange selected 118 farmers of Kalapara subdistrict in Bangladesh. This paper identified the socio-economic covariates
ulnerability

of climate change perception and vulnerability in relation to agricultural adaptation. It was also determined
whether their perception was consistent with meteorological information. Findings revealed that the farmers had
a moderate level of perception of and vulnerability to climate change. An overwhelming majority (98%) of the
respondents perceived a warmer summer and 96% of them observed a colder winter compared to the past.
Among the farmers, 91% believed that rainfall had increased and 97% thought that the timing of rainfall had
changed. The belief of increase in soil salinity and associated loss was prevailing among 98 and 99% of them,
respectively. Observed climate data were mostly aligned with the farmers’ perception with respect to temper-
ature, rainfall, floods, droughts and salinity. Positive correlations were found among the perception of climate
change, the perception of vulnerability and the number of adopted adaptation practices. Farmers’ level of un-
derstanding of climate change, vulnerability and adaptation practices could be improved by involving them in
different organizations, such as climate field school and farmer associations. It could accelerate the dissemination
of agricultural adaptation practices among them to cope with adverse agricultural impacts of climate change.
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1. Introduction

Are farmers really able to detect climate change? It is questionable
for several reasons. Firstly, climate change is a long-term change in at-
mospheric conditions, while the farmers rely on a short-term experience
while responding to climate-related interrogations. Secondly, they rely
on their past memories of atmospheric conditions without using any
devices. Thirdly, climate change is a slow process only detectable with
meteorological instruments (Weber, 2010). Despite these facts, scien-
tists (e.g. Abidoye et al., 2017; Alam et al., 2017; Dubey et al., 2017;
Elum et al., 2017) have been trying to comprehend how farmers un-
derstand and interpret climate change. The researchers are, in some
cases, cautious in using the term ‘climate change’; rather they used
‘climate variability’ (Ayal and Leal Filho, 2017; Kibue et al., 2016) or
‘climate uncertainties’ (Nguyen et al., 2016) or a combination of
‘climate change and variability’ (Lamsal et al., 2017; Moniruzzaman,

2013; Shameem et al., 2015) to mean the same phenomenon of climate
change.

Farmers could have an inadequate concern about climate change and
their information sources might not be sufficiently credible. As a
consequence, appropriate scientific facts of climate change are not al-
ways properly communicated to farmers (Weber, 2010). Whether we
can expect farmers to recognize climate change cannot diminish the
importance of climate change perception on adoption of adaptation
strategies. Perception of climate change is a subjective evaluation
(Bickerstaff, 2004) that involves individual interpretations that drive
actions concerning climate change (Niemeyer et al., 2005). Before
responding to climate change, one must perceive climate change. This
perception should necessarily tally with actual climate change for
effective adaptation, although the farmers cannot be expected to detect
the immediate climate changes (Maddison, 2007). The evidence is un-
clear whether coastal farmers perceive climate change properly,
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particularly in Bangladesh.

Perception being a psychological variable, it is quite vague to ask
whether climate is changing in a dichotomous (yes/no) fashion (Abi-
doye et al., 2017). Perception of climate change is a multidimensional
phenomenon and has been investigated with an emphasis on causes,
impacts and adaptation in different studies (e.g. Alam et al., 2017;
Haque et al., 2012; Kabir et al., 2016; Moniruzzaman, 2013; Shameem
et al., 2015; Uddin et al., 2014). None of these studies have included
quantitative analysis to assess the covariates of climate change percep-
tion. Besides, the perception of vulnerability to climate change issue has
been almost untouched. Some studies, for example, Ahsan and Brandt
(2014) in Bangladesh, Mase et al. (2017) in the USA, Patt and Schroter
(2008) in Mozambique, Cullen and Anderson (2017) in Vietnam and
Woods et al. (2017) in Denmark, assessed climate risks but those were
descriptive in nature where associated factors were not identified. Very
few studies conducted in Bangladesh have compared farmers’ percep-
tion with meteorological data of climate change. Rural people’s climate
change perception and observed extreme climate events are claimed to
be consistent with the scientific evidence (Alam et al., 2017) but devi-
ated from consistency for long-term climatic variations (Shameem et al.,
2015).

The Bangladeshi coastal farmers have been practicing different agricul-
tural adaptation techniques to cope with climate change (Hasan et al., 2018).
Extension agents have been promoting the practices with the farmers
through climate field schools (CFS). These practices had adaptation, resil-
ience and mitigation abilities in a changing climate as exemplified in FAO
(2013, 2014) and Sain et al. (2017). How their adoption is influenced by
climate change perception was not explored. Li et al. (2017) found that
adaptation behavior was driven by the awareness of extreme weather events.
Despite the contribution of social memory in shaping community resilience
(Wilson et al., 2017) towards environmental security (Loring et al., 2013;
Penn et al., 2017), understanding the individual farmers’ perception of
climate change and vulnerability would be useful for the formulation of
adaptation strategies (Alam et al., 2017; Altschuler and Brownlee, 2015).
Besides, coastal areas are considered as most vulnerable to climate change
because of their more frequent exposure to extreme climate events like cy-
clones, flooding, drought and salinity (Ahsan and Brandt, 2014; Islam et al.,
2011; Shameem etal., 2015). The importance and originality of this research
were that it explored the perception and vulnerability of coastal households
from multidimensional perspectives. It is expected that it would contribute to
a deeper understanding of farmers’ perception of climate change and its
consistency with scientific information. Weber (2010) emphasized the
investigation of perception of slow events along with the most studied
temperature and rainfall variables. Therefore, this paper focuses on the
assessment of perceptions of climate change (temperature, rainfall, floods,
droughts and salinity) and vulnerability to climate change from multidi-
mensional contexts which are lacking in the existing scientific discussions.
Correlations between the perception of climate change and the adoption of
agricultural adaptation practices are also included in this article.

2. Materials and methods

This study collected primary data during April-May 2016 from
farmers and agriculture officers, and secondary data from local weather
stations, government reports and scientific articles. Respondent farmers
were selected randomly from three villages of Kalapara sub-district of
Patuakhali district of Bangladesh. This area is in the coastal zone of
Bangladesh that directly connects with the Bay of Bengal. Kalapara has
an area of 492 sq. km with 247 villages (Bangladesh National Portal,
2017). Three villages were purposively selected because only those
villages in Kalapara had climate field schools (CFS) established by the
Department of Agricultural Extension (DAE). The DAE had fully oper-
ational 156 CFS throughout the country in 2013 to inform farmers about
climate change and adaptation (Ajij et al., 2014). Each of the CFS was
composed of 25 farmers from 25 households who had an opportunity to
attend a fortnightly on-farm training (Ajij et al., 2014). Three CFS had
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75 households that we tried to interview. However, we surveyed
available 59 CFS households. To make a comparison, we also inter-
viewed 59 general non-CFS households. Finally, the sample included
13% (n = 118) of a total of 902 households in the selected villages. Focus
group discussions (FGD), personal face to face interviews and key
informant interviews (KII) were performed to collect relevant data. Oral
and/or written consent was obtained from the interviewees before
starting the interview. Participants were not granted any rewards for
their interviews.

The interview schedule was composed of a wide range of variables,
including demographic characteristics, farm-related information, socio-
economic variables, adaptation practices and perception of climate
change and vulnerability (Habtemariam et al., 2016). Demographic
variables were the farmer’s age, education and family dependency ratio
(number of non-earning members + number of earning members in a
family). Farm-related variables were the number of farm enterprises
(out of five categories: crops, vegetables, livestock/cattle, poultry and
fish), own farm area and number of own cattle (cow/ox/buffalo).
Socio-economic variables included the annual family income, credit
received (from formal and informal sources), organizational affiliation
(years of involvement with farmer associations), training experience
(number of days of attendance), use of hired labour (total man-days of
employed farm labour in the last season), number of types of farm
equipment owned, walking distance to markets (in minutes), access to
farm information (score) and number of known farm adaptation prac-
tices. To measure the access to farm information, a three-point rating
scale was used to assess how frequently (not at all, sometimes and
frequently) a farmer accessed the 14 different farm information sources.
The information sources were neighbors, friends, relatives, input
dealers, bulk buyers, extension service providers, NGO personnel, group
meeting, demonstration plot, poster/leaflet/bulletin, newspaper, radio,
television and mobile phone.

The agricultural adaptation practices were identified through FGD
with the farmers and KII with the agricultural officers. The identified 17
practices were saline-, flood- and drought-tolerant varieties, early
maturing rice, vegetables in a floating bed, ‘sorjan’ method of farming,
pond-side vegetable cultivation, the cultivation of watermelon, sun-
flower or plum, relay cropping, urea deep placement, organic fertilizer,
mulching, use of pheromone trap, rainwater harvesting and seed storage
in plastic bags or glass bottles (see Hasan et al. (2018) for details of these
practices). In this study, we assessed the adoption of adaptation prac-
tices in terms of the number of practices implemented by the farmers.

The perception was defined as how the resource-poor coastal farmers
understand climate change. Likert scale is widely used to measure the
perception of farmers. This scale consists of several statements against
which respondents’ extent of agreement or disagreements are sought
and scored with 5, 7 or higher number of scale points (Roy, 2000).
Modified scales with questions instead of statements (Gbetibouo, 2009;
Leiserowitz, 2006) and an even number of scale points instead of an odd
number are also used (Brody et al., 2008). In this study, 6-point Likert
scale (do not know, very low, low, medium, high and very high) has
been used to measure the farmer’s perception of climate change. The
questions containing 26 items (c.f. Section 3, Table 2) focused on the
belief and mental images of probability, causes, consequences, effects
and adaptation strategies of climate change (Bonatti et al., 2011; The
Asia Foundation, 2012). All the questions had a ‘not sure (do not know
or unchanged)’ option to reduce response bias in the interview and
cognitive burden on the respondents (Hitayezu et al., 2017).

A similar scale was used to measure the perception of household
vulnerability to climate change against a total of 21 question items (c.f.
Section 3, Table 2). Three aspects were considered for vulnerability,
namely adaptive capacity, exposure and sensitivity to climatic events
(Adger et al., 2003). Adaptive capacity is an ability of an entity to adjust
to probable damage, to utilize opportunities, or to act based on impacts
of climate change (IPCC, 2014). Adaptive capacity has three elements:
adaptation efficacy, self-efficacy and adaptation cost. The adaptation
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efficacy is a belief that an adaptive measure could protect from threats.
The self-efficacy refers to the person’s technical skill to perform adaptive
measures. The adaptation cost is the ability to bear the costs (time, labor
and money) of undertaking any adaptive measures (Grothmann and
Patt, 2005). Exposure was measured based on the responses of farmers
regarding how they felt the closeness of climatic events that could affect
them. Sensitivity was revealed based on the perceived proneness of the
households to be adversely affected by the climatic events.

Local temperature and rainfall data from the Bangladesh Meteoro-
logical Department (1974-2014) for Khepupara station (Kalapara sub-
district) were used in this study. Time series of temperature had
1.93% and rainfall had 1.54% missing values. Although missing data in
climate time series is normal, these are required to be complete to be
used for analysis (Aslan et al., 2010). Imputation of missing values in
climate datasets is a nonlinear problem (Schneider, 2001). Since the
temperature and rainfall have seasonality in Bangladesh (Shelley et al.,
2016), we used ‘seasonally split missing value imputation’ technique
(Moritz and Bartz-Beielstein, 2015). After decomposing the time series,
we plotted the trends to have a clear picture of long-term changes in
temperature and rainfall (Moritz et al., 2015).

Data analysis was undertaken using RStudio (Version 1.1.383) (R
Core Team, 2016) along with some additional packages, such as
‘ggplot2’ (Wickham, 2016), ‘ggpubr’ (Kassambara, 2018) and ‘ggcorr-
plot’ (Kassambara, 2016). Calculations of data imputation were under-
taken using ‘imputeTS’ R package (Moritz and Bartz-Beielstein, 2015).

3. Results
3.1. Socio-demographics of the farmers

Two groups of farmers were included in the sample whose salient
features are shown in Table 1. Respondent farmers were dominated by
middle-aged groups (M = 46 years, SD = 12.8 years). The average age of
the farmers was statistically the same for both the CFS and general
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farmers. The farmers had mostly primary and secondary level education.
The general and CFS farmers had the same level of dependency ratio.
Average dependency ratio (M = 2.5) indicates that each of the earning
members of the households provided financial support to more than two
non-earning members who were either unable to work or did not have
any work.

Farming was a major earning source of the farmers. Over three-
quarters (78%) of the households had crop cultivation (rice, wheat,
maize, soybean, watermelon and sunflower) whilst the others had
vegetable growing, cattle raising, fisheries and poultry rearing as major
farm enterprises. The number of farm enterprises of the CFS farmers was
significantly higher than the general farmers. However, households with
only one farm enterprise were rare (only 4 of 118) among the sampled
farmers. Average farm area and number of cattle owned by the general
farmers were significantly smaller than the CFS farmers. Among the
general farmers, 59% had cattle whereas this figure was 78% for the CFS
farmers. This difference was also reflected in their annual household
income. The CFS farmers had an average annual income that was 500
Euro higher than the general farmers. Similarly, utilization of credit
money was less common among the general farmers as indicated by
smaller mean value though it was not statistically significant.

More than half (56%) of the general farmers did not have any
organizational affiliation in different associations (e.g. farmer field
school, agricultural project, farmer society and NGOs). Consequently,
the CFS farmers had on average 5.5 years longer involvement in
different organizations working with them for promoting farming ac-
tivities. The farmers involved in CFS had significantly longer training
experience than the general farmers. The majority (59%) of general
farmers did not have any training experience. Though the average man-
days of hired labor used by the general farmers seem to be lower than the
CFS farmers, it was not statistically significant. However, the number of
types of farm equipment (plow, sickle/spade, hand hoe, power tiller,
seeder, sprayer and thresher) owned by the CFS farmers was signifi-
cantly higher than the general farmers. On average, the CFS farmers

Table 1
Socio-demographic and economic characteristics of the farmers.

Characteristics (measurement unit) Farmer groups Observed range Mean =+ SE Median t-values (df =116) P-values

Age (years) General 22-80 47.1+1.7 45 0.96 0.340
CFS 26-85 449+1.7 40

Education (years of schooling) General 0-20 5.6+0.6 5 0.34 0.730
CFS 0-18 5.3£0.5 5

Dependency ratio General 0-7 2.4+0.2 2 —0.59 0.560
CFS 4-7 2.6+0.2 2

Number of farm enterprises General 1-5 3.2+0.1 3 —3.75%%* 0.000
CFS 2-5 3.9+0.1 4

Own farm area (ha) General 0-2.9 0.43+0.1 0.3 —2.53* 0.013
CFS 0-2.8 0.73+0.1 0.6

Number of cattle General 0-9 2.6+0.3 2 —2.25*% 0.027
CFS 0-15 3.9+05 3

Annual family income (‘000° Euro) General 0.3-5.2 1.7+0.1 1.6 —2.27* 0.025
CFS 0.2-6.8 2.2+0.2 1.9

Credit received (Euro) General 0-1138 109.7 +29.0 0 -1.61 0.110
CFS 0-5692 282.8 £103.9 22.8

Organizational affiliation (years) General 0-20 2.84+0.6 0 —6.00%** 0.000
CFS 2-33 8.3£0.7 8

Training experience (days) General 0-61 5.7+1.5 0 —5.70%** 0.000
CFS 1-180 36.2+5.1 17

Use of hired labor (man-days per season) General 0-360 33.8+8.9 10 -1.13 0.260
CFS 0-360 47.4+8.2 20

Farm equipment owned (number) General 0-5 2.8+0.1 3 —2.89%* 0.005
CFS 1-5 3.4+0.1 4

Walking distance to markets (minutes) General 0.6-71.3 19.1+2.4 15 —2.50* 0.014
CFS 1.8-105 28.24+2.7 26.3

Access to farm information (score) General 1-21 6.3+0.6 4 0.000
CFS 2-24 10.1+0.8 9

Known farm adaptation practices (number) General 9-19 13.94+0.4 13 —8.50%** 0.000
CFS 14-19 17.4+£0.2 18

Adopted farm adaptation practices (number) General 1-13 5.4+0.4 5 —3.77** 0.000
CFS 2-17 8.6+£0.5 8

*, ** and *** denote significant at 5%, 1%, and 0.1% level of probability.
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needed 9.1 min longer time to reach different markets on foot for selling
agricultural products or purchasing household commodities. Compared
to the general farmers, the CFS farmers had more frequent access to farm
information and they knew a greater number of adaptation practices to
cope with climate change. The coastal farmers were used to adjust their
farming activities with climate change through various adaptation
practices. Out of 17 selected agricultural practices, on average the CFS
farmers adopted three practices more than the general farmers and this
difference is statistically significant (Table 1). Further comparisons be-
tween the general and CFS farmers concerning the adoption of adapta-
tion practices are highlighted in Fig. 1. From the figure, it is apparent
that a greater number of general farmers adopted a lower number of
adaptation practices, whereas the number of CFS farmers substantially
dominated in case of a very high number of adopted practices.

3.2. Perception of climate change and household vulnerability

Among the 118 farmers, 106 had heard about climate change and
105 believed that climate is changing. Farmers understood climate
change by different indicators. Among the sampled farmers, 29 farmers
perceived climate change by increased tidal cyclones, 27 by increased
warming, 17 by an increase in flood, 9 by a change in rainfall, 9 by an
increase in soil salinity and 24 by combinations of two or more of these
indicators. Perception scores could vary from O to 130, whereas the
observed scores ranged between 27 and 118 with an average of 80.2
(SD =18.8). The majority (61%) of the farmers had a medium level
(score 46 to 90) of perception of climate change.

Perception of climate change variable was split into five dimensions,
namely belief, causes, consequences, effects of and adaptation to climate
change that were explored by 26 different statements. The average
scores for each of the statements varied from 1.82 to 4.01 (Table 2).
There was a moderate extent of the belief that climate is changing
(M=2.97 in a continuum of 0-5). Deforestation was the topmost
perceived cause of climate change while the top scored consequence of
climate change was warmer summers. Farmers perceived that climate
change would mainly result in production loss and could be tackled by
awareness building and tree plantation. Average scores for different
dimensions of climate change perception showed that farmers were
more aware of adaptation strategies than causes or consequences of
climate change. They understood the effect of climate change to the least
extent compared to other elements.

30 . . 29
Categories of adoption
E’mer group Very low = Adoption of up to 2 practices
CFS farmers Low = Adoption of 3 to 4 practices
. G Moderate = Adoption of 5 to 6 practices
eneral farmers . N i
High = Adoption of 7 to 8 practices
» Very high = Adoption of more than 8 practices
2 20
3
8
S 14 14
8 13 13
2 11
2 104
E 8
z 7 7
2
04
Very low Low Moderate High Very high

Fig. 1. Number of farmers in different adoption categories.
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Table 2

Average perception scores for different statements of climate change and
vulnerability.

Dimensions and items of Average Dimensions and items of ~ Average

climate change perception score” vulnerability perceptions score”

A. Belief 2.97 A. Exposure 3.01

Climate is changing 2.97 Observe severe floods 2.64

B. Cause 3.18 Observe frequent floods 2.84

Automatic/nature 2.75 Observe severe droughts 3.22

Human influence 3.20 Observe frequent 3.27
droughts

Deforestation 3.44 Observe salinity 3.36

Mills/industry/car 3.32 Observe cyclone 3.29

smoke/CO5,

C. Consequence 3.12 Observe tidal surges 2.46

Warmer summer 3.93 B. Sensitivity 2.85

Colder winter 2.95 Loss and damages from 2.85
floods

Increased rainfall 2.82 Loss and damages from 3.15
droughts

Change in timing rainfall 3.69 Loss and damages from 3.25
salinity

Increased cyclones 3.11 Loss and damages from 2.86
cyclones

Tidal surges 2.39 Loss and damages from 2.16
tidal surges

Rising sea/river water 2.61 C. Adaptive capacity 1.87

Coastal flooding increase 2.84 i) Adaptation efficacy 1.73

Drought increase 3.48 Possibility to tackle 1.73
climate change

Salinity increase 3.42 i) Self-efficacy 2.24

D. Effect 2.78 Ideas and skill to tackle 2.26
floods

Production loss 3.92 Ideas and skill to tackle 2.25
droughts

Damage to houses/roads 2.75 Ideas and skill to tackle 2.64
salinity

Loss of trees 3.04 Ideas and skill to tackle 1.81
tidal cyclones

Loss of livestock 2.49 iii) Adaptation cost 1.65

Death of people 1.82 Resources to tackle 1.75
floods/drought/salinity

Disease incidence 2.65 Resources to tackle tidal 1.54
cyclones

E. Adaptation 3.32

Tree plantation 3.84

Using organic fertilizer 2.81

Change in agriculture 2.79

Causing less smoke (CO3) 3.14

Awareness raising 4.01

@ Average scores in a 5-point rating scale.

The variable ‘perception of household vulnerability to climate
change’ looked at the susceptibility of the farmers to climate change.
The observed scores of vulnerability perceptions ranged from 24 to 83
against a possible range of 0-95. The farmers perceived a moderate level
of household vulnerability to climate change (M = 49.34, SD =12.40).
Three-quarters of them had a medium level (score 31 to 60) of percep-
tion of the vulnerability. Three components of vulnerability were
investigated to explore the perceived household vulnerability to climate
change; these were exposure, sensitivity and adaptive capacity. Data
from Table 2 demonstrates that the farmers observed fewer floods and
tidal surges, but a greater extent of drought, salinity and cyclones
compared to 5-10 years back. According to the farmers’ opinion, the loss
and damages from cyclones were slightly larger than the previous pe-
riods while the loss and damages from droughts and salinity had
increased to a greater extent. However, the loss and damages from cy-
clones, tidal surges and floods were less than that from droughts and
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salinity due to the construction of polders/embankments and sluice
gates to control flood water and protect from tidal surges.

Finally, the perceived adaptive capacity was again disaggregated
into adaptation efficacy, self-efficacy and adaptation cost. Farmers’
perception was that there was less possibility to tackle climate change
events (M =1.73). Self-efficacy of the farmers was also low because
most of them mentioned that they had fewer ideas and skills to tackle
climate change. The last component, adaptation cost bearing ability was
in very low condition. Over 90% of the farmers thought that they had a
very low amount of resources to tackle the climatic events, such as flood,
drought, salinity and tidal cyclones.

The average perception scores of general farmers (78.1) and that of
CFS farmers (82.3) were not statistically different, t (116) =1.21,
p=0.23. Likewise, the average vulnerability perception of general
farmers (51.0) was apparently higher than that of CFS farmers (47.7),
but this difference was not found to be statistically significant, t
(116) =1.46, p = 0.15. Therefore, both the farmer groups possessed the
same level of climate change and vulnerability perceptions.

3.3. Comparison between farmers’ perception and meteorological data

Farmers’ perceptions of climate change regarding temperature
(increasing temperature, warmer summer and colder winter), rainfall
(increase and seasonal change) and soil salinity (increase in magnitude
and loss of crops) were compared with the available meteorological data
from local stations closest to the study area. Of the 118 sampled farmers,
27 mentioned that temperature was increasing, and other farmers were
unsure of overall temperature change. Most of the farmers, as in Fig. 2a,
perceived that summer temperature was higher but winter temperature
was lower compared to the past.

Farmers’ perception of change in temperature was compared with
the daily temperature data for the period of 1974-2014. In Bangladesh,
summer and winter seasons are distinct with regard to temperature and
rainfall (BBS, 2017). After removing the seasonality and random com-
ponents from the temperature time series, a decreasing trend
(—0.013°C/year) was observed from 1974 to 2014 (Fig. 2b). This
overall decreasing trend of temperature was not consistent with the
belief of at least 23% of the farmers who perceived that the temperature
had an increasing trend. However, there were two different sections in
the temperature trend as we can see from Fig. 2b. The average June
temperature in 1977 was 37.8 °C which made it the warmest year with a
mean annual temperature of 27.90 °C. The average temperature from
1974 to 1990 (M = 26.40 °C) was higher than that of from 1991 to 2014
(M =26.06 °C). The decreasing trend of temperature was not apparent
after 1990, instead, we find an increasing trend (0.002 °C per year) in
this period. Therefore, farmers’ perception of increasing temperature
was also consistent with the observed data.

Farmer perceptions regarding the trends of winter and summer
temperatures were verified by plotting the month-wise temperature
trends (Fig. 2c). The colder months (October to March) showed a
decreasing trend but the warmer months (April to September) except

80+ i ~
Extent of increase G210 Linear trend: -0.013°C per year (1974-2014)
[ Do notknow! unchanged | Linear trend: 0.002°C per year (1991-2014)
66.1 M srai % 265
0% W vocerate g oo
2 [ Hign 5
E =
& 255
5 415 415 198 1990 200¢ 20°
g (b) Observed yearly temperature trend (1974-2014)
8
§ 5 003 0.015 0.016 0.016
3 229 -3 0.006
a - o 0.00
20+ g
12.7 5003
8.5 2
g
25 4.2 2 o
04 =

Increased warmer summer Increased colder winter
() Farmer perceptions of temperature

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(c) Observed monthly temperature trend (1974-2014)

Fig. 2. Comparison between farmer perceptions and observed tempera-
ture change.
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801 Extent of increase/change 0
Do not know! unchanged B E .
W sman =
8
o4 [l Mocerate £7
®
5 High @,
E Linear trend: 0.035 mm per year
& > v v v
5 — 1980 1690 2000 2010
o 40 (b) Observed yearly rainfall trend (1974-2014)
2 35.6
T
8 § 0.1190.116
& °
20 16.1 g
127 3
93 (i £
34 2
o
0 =

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(c) Observed monthly rainfall trend (1974-2014)

Increased rainfall Change in rainfall time
(a) Farmer perceptions of rainfall

Fig. 3. Comparison between farmer perceptions and observed rainfall change.

May and June had an increasing trend of temperature. The temperature
trends of May and June did not follow other warmer months because of
abnormally higher temperatures during these months in 1977. There-
fore, farmers’ perception of both summer and winter temperatures
coincided with the scientific observations in the study locations.

In case of rainfall, the majority (44%) of the farmers perceived that
rainfall had moderately increased and over two-thirds of them opined
that the timing of rainfall had changed (Fig. 3a). The local station data
also showed that rainfall had an increasing trend of 0.035 mm per year
for the period from 1974 to 2014 (Fig. 3b). If we look at the monthly
rainfall trends (Fig. 3c), the drier months (November to April) had a
negative trend except January; and among the wetter months (May to
October), July, September and October had a positive trend of rainfall.

It can be seen from the charts (Fig. 4a) that most of the respondent
farmers believed that floods and droughts have increased compared to
the past years. Hydrological information collected by Hofer and Messerli
(2006) from the Bangladesh Water Development Board shows an
insignificant decreasing trend of floods from 1954 to 2004 (Fig. 4b).
Rahman and Lateh (2016) estimated meteorological droughts in
Bangladesh using standardized precipitation index and geographic in-
formation system. Their estimated number of drought events (Fig. 4c)
shows a slightly decreasing trend of drought but increasing trend during
February to April from 2001 to 2010. However, Rahman and Lateh
(2016) mentioned a positive trend of droughts around Kalapara
sub-district. Therefore, farmer perceptions of flood occurrence were not
consistent with the findings of Hofer and Messerli (2006), but drought
perception had similarities with the estimations made by Rahman and
Lateh (2016) at least for the February—April period of the recent years.

Regarding soil salinity, the majority (68%) of the farmers perceived a
moderate to high level of salinity increase in their crop fields (Fig. 5a).
Most (79%) of them thought that the loss in crop production increased to
a moderate to a high extent. Dasgupta et al. (2015) reported that annual
median soil salinity in Nilganj union of Kalapara sub-district increased
from 3.7 to 4.4 dS/m between a period of 2001 and 2009. Salinity level
of soil is classified into four levels (Ahsan, 2010): slight (S;, 2-4 dS/m),
moderate (Sy, 4.1-8 dS/m), strong (S3, 8.1-16 dS/m) and very strong
(S4, >16 dS/m).
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Fig. 5. Comparison between farmer
soil salinity.

perceptions and observed change in

The Fig. 5b shows that S; level of salinity decreased over a period of
37 years (1973-2009), noting the year 2000 as the lowest level of
salinity in Patuakhali district. A decreasing trend of soil salinity was
observed in case of moderate salinity level. We did not have any data of
strong and very strong levels of soil salinity for the year of 1973.
However, soil salinity level of Sg slightly decreased while in the case of
S4 increased slightly from 2000 to 2009. During the last four decades, a
total increase in salt-affected area was 35%, with a gradual increase
from 115 thousand ha in 1973 to 139 thousand ha in 2000 and 155
thousand ha in 2009 (Ahsan, 2010). Regarding the loss in crop pro-
duction due to salinity intrusion, Rabbani et al. (2013) found that rice
production had decreased because of increase in soil salinity. Therefore,
farmers’ perceptions of change in soil salinity and loss caused by this
change were seemingly aligned with what we found from the observed
data and literature.

3.4. Relationship between farmers’ socio-economic attributes and
dependent variables

Because of the ordinal nature of most of the variables, Spearman rank
correlation coefficients (rtho) were computed to determine the bivariate
relationship between the variables (Kraska-Miller, 2013; Zar, 1972) and
presented in Table 3. Farmer perceptions of climate change significantly
increased with an increase in the number of farm enterprises, number of
cattle, annual household income, organizational affiliation, distance to
the nearest marketplace, access to farm information and number of
known adaptation practices. These characteristics, except the number of
cattle owned by the farmers, also had a positive correlation with the
perception of vulnerability to climate change. Besides, the vulnerability
perception was better among the relatively younger-aged farmers and
those who adopted a higher number of adaptation practices. The num-
ber of adopted practices was found to positively vary with an increase in
their own farm area. The farmers involved in CFS tended to have a
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Fig. 6. Correlation matrix of adoption and components of climate

change perception.

higher number of adopted practices. What stands out in Table 3 is the
perception of climate change, the perception of vulnerability to climate
change and the number of adopted practices were positively and
significantly inter-correlated.

Finally, how the number of adopted agricultural practices was
related to all the components of perception of climate change and
vulnerability were assessed with the Spearman rank correlation co-
efficients (p) (Fig. 6). It is quite revealing that ‘belief’ and ‘cause’ of
climate change perception and ‘adaptation cost’ of vulnerability
perception were not significantly correlated with the adoption of
adaptation practices. All other perception components were positively
correlated with the number of adopted practices. Besides, substantial
inter-correlations were detected among most of the dimensions of
perception.

4. Discussion

The present study was designed to compare the coastal farmer per-
ceptions (subjective assessment) concerning climate change and
vulnerability with the scientific observations (objective assessment).
Correlations among the adoption of adaptation practices, perception of

Table 3

Correlations between the variables based on Spearman rho coefficients.
Variables Perception of climate P Perception of vulnerability to climate P Adopted adaptation P

change values change values practices values

Group (CFS/non-CFS) 0.15 0.10 0.13 0.44%%* 0.00
Age —0.14 0.14 0.00 —0.22%* 0.01
Number of farm enterprises 0.27%** 0.00 0.22 0.30%** 0.00
Own farm area 0.01 0.90 0.75 0.19* 0.04
Number of cattle 0.22* 0.02 0.29 0.19* 0.04
Annual household income 0.22* 0.02 0.02 0.22* 0.02
Organizational affiliation 0.25%* 0.01 0.00 0.43%** 0.00
Training experience 0.06 0.51 0.03 0.74 0.42%** 0.00
Market distance 0.28%** 0.00 0.27%** 0.00 0.43%** 0.00
Information access 0.47%** 0.00 0.49%** 0.00 0.52%** 0.00
Known adaptation practices 0.35%** 0.00 0.33%** 0.00 0.60*** 0.00
Perception of climate change - - 0.73%** 0.00 0.40%=* 0.00
Perception of vulnerability to climate - - - 0.39%** 0.00

change

*, ** and *** denote significant at 5%, 1%, and 0.1% level of probability.
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climate change and socio-personal characteristics of the farmers were
also investigated. A variety of perception items were explored to gain a
detailed understanding of climate change and vulnerability. The sample
comprised two groups of households: participants in training programs
of CFS and general farmers not participating in CFS from the same vil-
lages. The current study found that the CFS farmers had more dependent
family members per income-earning member, a greater number of farm
enterprises, a larger size of own farmland and a higher number of cattle.
The CFS farmers also had a higher annual household income, longer
training experience and more organizational affiliation. They had
greater access to farm information and had knowledge about a high
number of adaptation practices. However, significant differences be-
tween the two groups of farmers were not evident in the case of age and
personal education.

Despite a substantial difference between CFS and general farmers
concerning the socio-economic attributes, their perceptions of climate
change and vulnerability were at the same level. Both the groups had a
moderate level of understanding of belief, causes, consequences, effects
and adjustment of climate change. Similarly, they possessed a moderate
level of perception of vulnerability with regards to exposure, sensitivity
and adaptive capacity. The CFS farmers could be expected to possess a
better perception of climate change because they received frequent
advice, training and support from extension agents (Ajij et al., 2014).
However, we did not find any significant differences in their perceptions
of climate change. Bangladesh is a densely populated country and the
density was 1265 people per sq. km in 2017 (World Bank, 2018).
Therefore, the farmers had closer contact with their neighbors and
fellow farmers. They had a better opportunity to share what other
farmers thought about climate change. Knowledge spillover from the
CFS farmers to general farmers could account for this similar level of
understanding of climate change.

The most obvious finding to emerge from the analysis is that the
farmer’s climate change perceptions and meteorological data were
mostly consistent. There are three distinct climatic seasons in
Bangladesh: a hot summer (pre-monsoon) from March to May, a humid
summer (monsoon/rainy) from June to October and a dry mild winter
(post-monsoon) from November to February (Rahman and Lateh, 2016).
The farmers perceived a warmer summer and colder winter compared to
their experience. Local station climate data confirmed these summer and
winter temperature trends in the study area. However, in contrast to the
farmer’ perception, the overall dry bulb temperature was in decreasing
trend that was influenced by a higher level of temperature before 1990.
The farmers mentioned that the temperature was increasing; and this
opinion is consistent when we analyze the temperature trend after 1990.
People usually remember the recent experience (Weber, 2010). There-
fore, the recent temperature trend was in line with the farmer percep-
tions. However, the overall decreasing trend of annual temperature was
not also consistent with the findings of other studies. Basak et al. (2013)
and Karmalkar et al. (2010) reported an increasing trend of temperature.
They used national-level data, but we analyzed the data from a local
station in coastal areas. These results suggest that national and local
level climate variability could be different.

Annual rainfall trend in the study area was found to be slightly
increasing (0.35 mm per decade). This result mirrors the observations of
Karmalkar et al. (2010). Both meteorological data and farmers’ opinion
confirmed that timing of rainfall had changed. Dry months were getting
drier and wet months wetter because of a shift in rainfall time. These
results further support the findings of other researches (e.g. Ahmed,
2006; Basak et al., 2013; Karmalkar et al., 2010). Another interesting
finding was that the study area had an increasing rainfall trend in
September and October that could have important implications for crop
cultivation. During this period, transplanted aman (wet season) rice
remains in the fields that could be subject to flash flooding. Land
preparation for potato cultivation would be difficult that starts in
mid-September (BBS, 2017). Although an increased rainfall in
September would be beneficial for sowing winter crops, there would
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remain a possibility of loss for mung bean cultivation since it cannot
tolerate waterlogging conditions.

Farmers had a belief that flood and drought levels had increased
moderately in the study areas compared to the past. This perception of
farmers was not supported by Brammer (2016) who concluded with an
analysis of 50 years of national data that floods and droughts had not
increased in frequency or magnitude in Bangladesh. Data of Bangladesh
Water Development Board also did not show any significant trend of
floods (Hofer and Messerli, 2006). However, floods in Bangladesh have
been occurring each and every year with a different degree of severity
and area coverage (Reliefweb, 2018). Moderate droughts were more
frequent than severe and extreme droughts. Our study was confined to a
small sub-district that was estimated to have a few numbers of severe
and extreme droughts in 1979, 1981 and 2008 (Rahman and Lateh,
2016). Local level time series data was unavailable to us, which would
be more useful to validate the farmers’ perception of droughts and
floods. Most of the farmers reported an increase in soil salinity and loss
from soil salinity. It is encouraging to compare this figure with similar
findings of a soil salinity report by Ahsan (2010) and a comparison of
2000 and 2008 salinity data by Dasgupta et al. (2014). Farmers of
Shyamnagar (a coastal sub-district of Satkhira, Bangladesh) believed
that loss from salinity intrusion had increased in terms of declining rice
production (Rabbani et al., 2013). Therefore, the perception of salinity
held by the farmers of this study tallied with other evidence.

The last objective of this study was to investigate the relationship
between perception and adaptation and to determine their associated
socioeconomic factors. The number of adopted agricultural adaptation
practices was found to be significantly and positively correlated with the
perception of both climate change and vulnerability. Although CFS and
general farmers had the same level of perception, the CFS farmers were
found to adopt a higher number of adaptation practices. This could be
explained by the fact that the CFS farmers received training and advice
on climate change adaptation from agricultural extension workers. They
knew a greater number of adaptation practices that facilitated their
adoption of those practices. This study reveals that adoption of adap-
tation practices was not only associated with the perception and CFS
membership but also with other personal characteristics, such as age,
number of farm enterprises, own farm area, number of cattle, annual
household income, organizational affiliation, training experience, mar-
ket distance, information access and number of known adaption
practices.

We relied on the information furnished by the farmers to assess their
perception of climate change and vulnerability. The survey took place
during April-May 2016 before the monsoon rainfall. Though it was a dry
season, we observed a broken dike/embankment in Pachjunia village
that caused saline water intrusion in crop fields resulting in a huge loss
of standing crops. These coastal embankments were built to protect
farmlands from coastal inundation (Rahman and Rahman, 2015). No
other unexpected natural calamities were in the study area during data
collection that could influence their perception. Therefore, we assume
that this study generated representative information concerning the
perception of climate change in the study areas.

5. Conclusion

This study revealed that coastal farmers had frequent exposure to
adverse climatic events like erratic rainfall, coastal flooding, seasonal
droughts and salinity. An overwhelming majority of the farmers had
heard about climate change and believed that it was happening. Most of
the farmers mentioned a warmer summer and colder winter along with
increased rainfall during wet season and decreased rainfall during dry
season compared to the past. They experienced an overall increasing
trend of annual temperature. These views of climate change tracked
with what we found from the local meteorological information and
scientific reports. Their perception of increased salinity was also
consistent with the existing literature. However, farmers believed that
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floods and droughts were in increasing trends, which were not sup-
ported by the information obtained from climate data and reports. The
two groups of farmers (CFS and general) differed in many socio-
economic attributes but their perceptions of climate change were at
the same level. The correlational analysis reveals that perception of
climate change and vulnerability were positively associated with the
adoption of agricultural adaptation practices. Three dependent vari-
ables, namely perception of climate change, perception of vulnerability
to climate change and adoption of adaptation practices were correlated
with different sets of farmer characteristics. However, annual household
income, organizational affiliation, market distance and number of
known adaptation practices were found to vary positively with all these
dependent variables. The better the farmers understand climate change
issues and adaptation practices, the more will be their adoption of
adaptation practices to cope with climate change. Although the climate
change perceptions were the same for both the CFS and general farmers,
their increased organizational involvement with farm-related associa-
tions could improve their perception of climate change and
vulnerability.
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