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ABSTRACT
Using responses from a questionnaire survey conducted on a
sample of 400 rice farmers from Kedah in Malaysia, this article
examines rice farmers’ perception, awareness, attitudes and
adaptation behaviours towards mitigating climate change. The data
collected was analysed using structural equation modelling. The
findings of this study show that 84% of the respondents perceive a
decrease in rainfall, while 75% perceive an increase in temperature
over the last 10–15 years due to climate change. The study also
finds a significant and positive association between farmers’
perception of climate change, awareness (AWN), attitudes (ATT) and
adaptation behaviour (ADB). Furthermore, the results reveal that
awareness and attitudes play a mediating role between perception
and adaptation behaviour. The findings could be useful to public
and private organizations in learning more about farmers’
perceptions and adaptation behaviour in developing a policy
framework to reduce adverse effects of climate change.
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1. Introduction

Agriculture plays an important role in the economy of a country and the development of
human civilizations. Structural economists argue that agriculture is among the primary
sectors that initiate economic growth to support the emergence of the secondary and later
the service sectors (Kaldor 1967; Rasiah 1993). Sedentary farming is the first human activ-
ity that is focused on land-based production of crops and animals for generating value
added (Rubenstein 2003). More than half of the world’s arable land is used for agricultural
activities (Allajabou and Bello 2014). Agriculture also contributes significantly to food
security, which is critical as the sustainable development goals (SDGs), among other
things, focus on environmental sustainability to prevent hunger. However, the adverse
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effects of climate change and global warming have been impacting negatively on agricul-
tural lands, which has raised uncertainty in the food supply chain, thereby threatening
food security, particularly in tropical and subtropical regions (Al-Amin et al. 2011).

It has been observed that poor people tend to live in the rural areas of the developing
countries where agriculture is the main livelihood. The Intergovernmental Panel on
Climate Change (IPCC) recognizes that developing countries are more vulnerable to
climate change than the developed countries owing to capital scarcity (Hertel and Lobell
2010; Tubiello and Rosenzweig 2008). According to IPCC, global crops such as corn, rice,
wheat and cereal production will drop by 25% by the year 2050 (Rosegrant et al. 2014).
Agriculture is also an important source of livelihood in South-East Asia, where 115 million
hectares of land are used for cultivating rice, oil palm, corn, rubber and coconut (Weiss
2009). The effects of climate change is now threatening rice production in Asia with fall-
ing yields caused by floods and droughts (Masutomi et al. 2009).

Agriculture also plays an important role in Malaysia, albeit its share in GDP has fallen
sharply to less than 10% by 2015 (Rasiah 2011). Most of the small-scale farmers largely
depend on rice cultivation. There were about 296,000 rice producers in Malaysia with
almost 40% of them are full-time farmers in 2010 (Firdaus, Latiff, and Borkotoky 2013).
The numbers were bigger in the earlier years (Man and Sadiya 2009). There were eight
main granaries and some small sheds throughout the peninsular Malaysia engaged in rice
farming in 2010 (Fahmi, Samah, and Abdullah 2013). Malaysia had a self-sufficiency rate
of around 73% in 2010 (Malaysia 2011). With climate change affecting yields, Malaysia’s
dependency on rice imports from other countries is likely to rise (Masud et al. 2014). Rice
production in Malaysia has decreased over the years due to a decline in cultivated areas,
low technical change and climate change (Alam et al. 2010). Hence, it is important to inves-
tigate farmers’ perceptions, awareness, attitudes and adaptation behaviour towards climate
change. Farmers’ practices will form a major source of information that the government
can use to address the falling productivity levels faced by rice farmers in Malaysia.

2. Literature review

Consequently, it is essential to explore farmers’ perception and adaptation strategies on
climate change to offer an informed framework for addressing climate change. The capac-
ity of farmers to perceive the causes of climate change is a fundamental precondition for
choosing adaptation strategies. Localized forms of perception of climate risk strongly
depend on societal, ethnic and economic situations in which people experience risk as
perceptions influence behaviour (Patt and Schr€oter 2008). A profound understanding of
farmers’ perception about climate change is significant for policy-makers when determin-
ing adaptation strategies (Antwi-Agyei, Dougill, and Stringer 2015). In order to explore
the risk perception of farmers about climate change, this study applied the Health Belief
Model (HBM) and the Theory of Planned Behaviour (TPB). HBM identified four psycho-
logical dimensions that are supposed to influence decisions of persons to adapt specific
behaviours, such as perceived susceptibility, perceived severity, perceived benefits and per-
ceived barriers (Simon and Das 1984).

Perceived susceptibility refers to a person’s feeling of being affected by a particular
problem such as climate change, which may lead to a greater change in attitudes (Dabbs
and Leventhal 1966). Climate change poses a number of significant risks to the agro-
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economy (Georgescu, Lobell, and Field 2011; Lobell, Schlenker, and Costa-Roberts 2011).
Climate-related natural disasters can affect crop productivity, such as rice, cereals, millet,
palm oil and maize, which can lead to uncertainty in the nutrition chain and threaten
food security in the future (Al-Amin et al. 2010). Thus, this negative impact of climate
change might increase the feeling of being affected which will lead to a more attitudinal
change (Dabbs and Leventhal 1966). Masud et al. (2015) found that consciousness, knowl-
edge and risk perception of climate change have effects on the formation of favourable
attitudes towards climate change. Bayard and Jolly (2007) found that a larger perception
of susceptibility of soil degradation influences the farmers’ awareness and attitudes
towards environmental problems. The perception of the risk of environmental issues has
positive and substantial influence on attitudes towards the environment (Brody, Deme-
triades, and Esplen 2008; Masud et al. 2015). It has also been found that perception of risk
has an important impact on the likelihood of an individual practising pro-environmental
behaviour (Marquit 2008). It was noted in previous research that those who have the per-
ception of environmental degradation engage in environment-friendly activities (Brody,
Demetriades, and Esplen 2008). This implies that good understanding of climate change
by farmers can lead to appropriate adaptation practices.

Perceived severity refers to consciousness of the intensity of the problem (CEP). It may
state the seriousness of the problems. If an individual is aware that environmental degra-
dation could affect their livelihood, then definitely, it will help in the establishment of
favourable attitudes. It was found that greater fear and perceived seriousness of a liveli-
hood threat have been associated with a greater change in attitudes (Dabbs and Leventhal
1966; Leventhal, Singer, and Jones 1965; Hass, Bagley, and Rogers 1975). As Witte (1992,
1998) argued, the perceived risk is a combination of perceived susceptibility and severity.
Perceived threat has emerged as a possible determinant to pro-environmental behaviours
(e.g. Vining et al. 2002). Bayard and Jolly (2007) found that perceived severity of environ-
mental degradation has a significant effect on attitudinal variables.

Benefits refer to the perceived economic and societal benefits of environmental devel-
opment, and barriers are self-imposed psychological blockades and elements that can hin-
der positive actions. It is obvious that whenever people are aware of benefits of
environmental improvement, it leads them to form favourable attitudes towards environ-
ment and practise adaptation behaviour. Maddison (2007) revealed that adaptation to cli-
mate change needs understanding of farmers’ perception of the extent to which climate
has already changed, and it needs to identify useful approaches in implementing the nec-
essary adaptation responses. Novelli and Scarth (2007) argue that people are happier
about the adaptation of climate change when they feel they are benefitting from it. Bayard
and Jolly (2007) found that greater perception of economic and social benefits of environ-
mental improvement has a significant impact on attitudinal factors.

Perceived barriers refer to self-imposed psychological blockades or components that
might hinder positive actions. It means whenever an individual is going to take actions to
environmental improvement might confront different barriers such as economic and
social barriers. Scientific advice suggests that a farmer’s ability to identify climate change
is an essential prerequisite for choosing the issue of adaptation. To improve policy to
address the challenges of climate change, it is important to have awareness of climate
change, choice of methods for coping mechanism and its barriers to adaption. Adapting
to climate change substantially cuts down the adverse effects of climate change as well as
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reduces susceptibilities and promotes sustainable growth by improving the well-being of
the farmers and others (Smit and Pilifosova 2003). In fact, adaptation is a way of reducing
vulnerability, increasing resilience and mitigating the danger of climate impacts on lives
and livelihoods. There is no doubt that in order to minimize the impact of climate change
on agriculture, farmers’ perceptions of climate change and adaptation strategies need to
be better understood. If there are social and economic barriers to adaptation to climate
change, it could have an insignificant impact on farmers’ awareness and adaptation practi-
ces. It was found by Bayard and Jolly (2007) that perception of economic and social
barriers to climate change of adaptation has a negative influence on awareness and attitu-
dinal factors.

Adaptation refers to adjustments in ecological, social, or economic systems in response to
actual or expected climatic stimuli and their effects or impacts. It refers to changes in pro-
cesses, practices, and structures to moderate potential damages or to benefit from opportuni-
ties associated with climate change. (IPCC 2001, Third Assessment Report)

If the expansion of a diagnostic framework is to succeed, it is important to specify
what counts as ‘adaptation’ in order to delineate the actions and contexts in which
obstacles may come up. Adaptation behaviour refers to real adjustments or changes in
decision-making environments that could ultimately improve resilience or reduce sus-
ceptibility to observed or anticipated climate changes (Adger 2007). There is an urgent
demand for adaptation behaviour research to develop cognitive, socio-psychological
and behavioural challenges of human adaptive capacity, especially in the Malaysian
agricultural sector due to its low resource and institutional adaptive capacity. Under-
standing farmers’ knowledge on environmental issues is a crucial component for envi-
ronmental protection. Understanding the farmers’ views, attitudes and beliefs about
environmental issues is essential for adaptation behaviours (Leiserowitz et al. 2013;
Shome et al. 2009).

In order to have the adaptation behaviour of farmers, researchers must incorporate
behaviour change theories, such as TPB and utility maximization theory, in their stud-
ies to improve their ability to predict the human behaviour to obtain positive results in
terms of adaptation behaviour in the agricultural sector. Understanding individual
self-efficacy levels, expectations from outcomes, perceived behavioural control, behav-
ioural intentions and the individual’s stage in the process of behaviour change are
important for research and adaptation behavioural practice. This knowledge will assist
decision-makers to present data in ways that increase individual confidence, provide
motivation and rewards for action, and shape positive attitudes towards adaptation
behaviour to climate change.

An individual behaviour is at the heart of the challenge of climate change because indi-
viduals are the drivers of broader change processes and make policy decisions (Liverani
2009). Consequently, factors persuading individual behaviour outside of market mecha-
nisms are significant for climate change, and an emphasis on individual behaviour in sci-
entific research is required to recognize issues that regulate climate-friendly behaviour
and develop procedures to change behaviour. Therefore, one can perceive that awareness,
perception and attitudes towards behaviour can lead to adaptation behaviour. Based on
the above literature review, a total 11 hypotheses (see Table 6) were developed to test the
proposed research framework (see Figure 1).
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3. Research framework

In order to achieve the study objectives, we develop the following theoretical framework
based on the literature review (see Figure 1), which was formulated based on HBM and
the TPB. It shows the relationship between the variables. In order to test the empirical
relationship between dependent and independent variables, structural equation modelling
(SEM) was deployed, which can be formulated as follows:

ADB ¼ f AWN;ATTð Þ (1)

AWN ¼ f PERSUS; PERSEV; PERBEN and PERBARð Þ (2)

ATT ¼ f PERSUS; PERSEV; PERBEN and PERBARð Þ (3)

Ab¼Ab AWN;ATT and ADBð Þ subject to PERSUS; PERSEV; PERBEN and PERBARð Þ
(4)

4. Method and data

4.1. Study area

This study was conducted in the region administered by the Muda Agricultural Development
Authority (MADA) in Kedah, Malaysia. Kedah is one of the most vulnerable states in terms
of hardcore poverty due to climate change (NAHRIM 2006). The most vulnerable groups of
people are engaged in agricultural activities, while the numbers are relatively large (NRS
2001). The region administered by MADA is the largest rice granary area of the country
(Vaghefi et al. 2013). Approximately 76% of the land is under rice cultivation and around
55,000 farm families live there. It is also called ‘Rice Bowl’ of Malaysia.

4.2. Sampling technique and sample size

Using stratified proportionate random sampling technique, the entire study area was
stratified into 27 PPK strata based on the homogeneous group with around 55,000 farm-
ers. It is rationally challenging to consider all strata due to time and budget constraints.
Hence, we selected seven strata (7 PPK) for this study. Since the population (number of
farmers) is known, the following formula by Yamane (1967) was used to obtain the

PERSUS

PERSEV

PERBEN

PERBAR

AWN

ATT

ADB

Figure 1. Research framework.
Source: Drawn from literature review. Legend: PERSUS = perceived susceptibility, PERSEV = perceived severity, PERBEN =
perceived benefit, PERBAR = perceived barrier, ATT = attitudes towards climate change, AWN = awareness towards climate
change, ADB = adaptation behaviour towards climate change and Ab = adaptation activities are taken by farmers).
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appropriate sample size from the population:

n ¼ N= 1þ Nd2
� �

(5)

where n is the sample size, N is the number of farmers (total population) and d is the
margin of error (0.05). The study area has a population of 55,000. Thus, we calculated a
sample size of 397. In accordance with the guidelines recommended above, it was consid-
ered that the required sample size is 400 for this study.

4.3. Questionnaire design

During the development of the questionnaire, numerous questions concerning farmers’
perception and adaptation to climate change were considered. The questionnaire consists
of three sections. The first section contains respondents’ demographic information, which
included gender, age, education and income. The second section includes issues related to
perception, causes of climate change, perceived importance of adaptation practices and
barriers to adaptation, and the third includes the impact of risk perception on awareness,
attitudes and coping behaviours. The constructions are measured using a five-point
Likert-scale with strongly disagree and strongly in agreement (5). The questionnaires
were distributed and collected as part of the face-to-face approach. The elements of the
questionnaire were translated from English to Bahasa Malay to make accessible to all
respondents.

5. Results and analysis

5.1. Socio-economic characteristics of respondents

The sample size of this study consists of 93% males and 7% females, as shown in Table 1.
The findings revealed that most of the farmers (80.3%) are in age range between 51 and
65 years. It indicates that most of them are aged farmers. Younger generations are not
interested in agriculture sector. Majority of the farmers have primary education (33%),
while 31.3% of the farmers have lower secondary education, and 27.3% of them have

Table 1. Socio-demographic information of the respondents.
Basic information Group No of respondents Percentage

Gender Male 370 92.5
Female 30 7.5

Age 1 = 25 years or below 3 0.7
2 = 26–30 years 8 2.0
3 = 31–45 years 10 2.5
4 = 46–50 years 66 16.5
5 = 51–65 years 321 80.3

Education level No formal education 35 8.75
Primary
Primary 130 32.5
Lower secondary 123 30.75
Higher secondary 111 27.75
Diploma 1 0.3

Income of household (RM/month) 2000 and less than 2000 243 60.7
RM2001–RM4000 140 35.0
RM4001–RM6000 16 4.0
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higher secondary education. The result also shows that majority of the farmers’ income
level is between less than RM 2000 and RM 2000, while only 35% earn between RM 2001
and RM 4000.

5.2. Farmers’ general perceptions of climate change

Most of the farmers (73%) reported an increase in temperature over the last 10–15 years
(Figure 3). Approximately 8.5% of respondents perceived no change, 15% were receiving
a temperature drop and 3.5% did not know if there was a change in temperature over
time. In general, farmers believe that the increasing temperature trend was linked with
changes in rainfall. In total, 82.4% of respondents said that rainfall decreased over the last
10–15 years, 3.4% observed no change in rainfall and only 2% did not know about the
increase or decrease in rainfall. The majority of the farmers mentioned that drought has
increased by 78.4%, while 95% confirm that the frequency of flood is increasing during
the last decade. While 11% and 1.5% mentioned that there was no change in drought and
flood (see Figure 2).

5.3. Adaptation practices and adaptation barriers

In this study, we attempted to explore farmers’ current adaptation practices and to iden-
tify adaptation barriers. The results indicate that farmers currently take several adaptation
practices in fighting against climate change which are shown in Table 2. Most of the farm-
ers tried to improve their irrigation system while some of them cultivate drought-tolerant
rice varieties and mixed cropping. The findings also revealed that farmers are confronting
numerous challenges in terms of adaptation practices, for example, high cost of farm
input, unpredictable weather, inadequate water supply, lack of information on weather
condition and shortage of field officers, insufficient credit facilities and agricultural subsi-
dies, as shown in Table 2.

Figure 2. Perception of farmers about climate change.
Source: Authors estimation.
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5.4. Impact of risk perception on awareness, attitudes and adaptation behaviour

5.4.1. Reliability analysis
To determine the adequacy of internal consistency, the reliability analysis shows that all
the Cronbach’s alpha (a) coefficient values (see Table 3) are above the threshold value of
0.70 (Hair et al. 1998). It indicates that all constructs provide adequate coverage of the
concepts, all elements are comprehensive and clear, and the questionnaire is a reliable
measurement tool, suggesting sufficient internal consistency and reliability of the mea-
surement scale. It states that all constructs provide adequate coverage of concepts; all ele-
ments are complete and clear. It indicates that questionnaire items are reliable and telling
sufficient internal consistency.

5.4.2. Tests for confirmatory factor analysis
To confirm the composite reliability of all factors, convergent validity and discriminant,
we carried out a confirmatory factor analysis (CFA). The results of the CFA test show that
the seven variables have adequate moderate adjustment indices. It also confirmed that the
normal value of the chi-square (x2/df) was less than �3; the CFI value is greater than the
cut-off value of 0.90; and the RMSEA value is within the cut-off value of 0.08, as shown in
Table 4. The CFA also shows that all factor loads are between 0.657 and 0.950. It indicates
that all elements have a large element load greater than 0.50, as shown in Table 4. It con-
firms the existence of a discriminant and convergent validity.

5.4.3. Convergent and discriminant validity
Convergent validity is considered adequate when the average-extracted variance (AVE) is
�0.50. The standardized factor loadings of all elements were greater than 0.60, range of
between 0.657 and 0.950, and were statistically significant at 1% level. This proof supports
the uni-dimensionality of each scale, indicating that a convergent validity has been

Table 2. Adaptation techniques and barriers.
Adaptation technique % Adaptation barriers %

Improved irrigation 28 Unpredictable weather 34
Changing planting dates 6 Lack of access to water resources 18
Drought-tolerant rice varieties 9 Lack of access to timely weather information 11
Farming near water bodies 4 Deficiency of access to credit facilities 7
Use of organic fertilisers 21 Limited access to agricultural extension officers 5
Change farming location 3 Restricted access to agricultural subsidies 9
Change crop to livestock 4 Less access to agricultural markets 7
Crop varieties 7 Shortage of farm labour 5
Crop rotation 5 Poor soil fertility 3
Mixed cropping 2 Small farm size 1

Table 3. Reliability analysis.
Constructs Cronbach’s alpha (a) Mean Std. dev.

Perceived susceptibility 0.904 3.9922 .02310
Perceived severity 0.901 4.0982 .02254
Perceived benefit 0.902 3.6050 .03836
Perceived barrier 0.898 3.4803 .03441
Awareness towards climate change 0.905 4.0296 .02083
Attitudes towards climate change 0.900 3.4971 .03303
Adaptation behaviour to climate change 0.902 3.7607 .02379
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attained. The composite reliability (CR) and the AVE were calculated according to the
procedure described by Lowry and Gaskin (2014). The CR was found as PERSUS (0.717),
PERSEV (0.750, PERBEN (0.854), PERBAR (0.904), AWN (0.742), ATT (0.812) and
ADB (0.792). According to Hair et al. (1998), Malhotra and Birks (2006) and Sekaran
(2003), the minimum acceptable reliability value is 0.70. Once the convergent validity was
obtained, it was appropriate to test the validity of the discriminant. The discriminative
validity was present when the correlation between two constructions was less than the rec-
ommended value (r � 0.85) representing the existence of a discriminating validity (see
Table 5) (Kline 2010).

5.4.4. Structural equation modelling framework
The SEM examined the relationship between climate change perception, attitudes to cli-
mate change, climate change awareness and adaptation behaviour. The complete struc-
tured model presents a satisfactory quality of fit with the relative value of CMIN/df chi-
square of 3.010, RMSEA of 0.078, CMA of 0.055, GFI of 0.914, NFI of 0.890 and CFI of
0.936. As shown in Figure 3, the R2 for AWN was 45%, indicating that all variables studied
contributed to approximately 45% of the variance explained in AWN. On the other hand,
the R2 for ATT was 64%, indicating that all the little-studied variables contributed to
about 64% of the variance explained in ATT. In addition, the R2 for the ADB was 41%

Table 4. Confirmatory factor analysis.
Fit indices for CFA measurement Model: Normed x2 = 2.953, CFI = 0. 901, RMSEA = 0.074,
RMR = 0.067.

Factor
loadings SMC�

Adaptation behaviour (ADB)
I encourage my neighbours’ to adaptation climate change 0.723 0.52
I am using organic fertilizers to increase the production 0.875 0.76
I am trying to improve irrigation system in agriculture sector 0.678 0.46
I am changing the location of farming’ area 0.729 0.53

Attitudes towards climate change (ATT)
Climate change is true 0.657
We should work to adapt climate change 0.779 0.61
I am willing to take necessary actions to minimize the impact of climate change 0.782 0.61

Awareness about climate change (AWN)
I am aware of climate change 0.731 0.53
I am aware that climate change is a serious problem for rice production 0.670 0.45
I am aware of climate change effects on agricultural sector 0.732 0.53

Perceived susceptibility of climate change (PERSUS)
Climate change is a danger to public health 0.770 0.60
Climate change impacts on agricultural production 0.732 0.53
Frequency of flooding are causing crop damage 0.784 0.61

Perceived severity of climate change (PERSEV)
Climate change can cause damages to human health 0.705 0.50
Agricultural sector is affected by climate change 0.731 0.53
Climate change can cause water scarcity 0.729 0.53

Perceived benefits of adaptation (PERBEN)
Agricultural production will increase 0.741 0.55
Standard of living will improve 0.867 0.75
Adaptation will reduce the adverse effect of climate change 0.950 0.90

Perceived barrier (PERBAR)
I have financial problem due to high cost of adaptation 0.755 0.57
I do not get enough information about climate change adaptation 0.899 0.80
Lack of irrigation system 0.758 0.57
Unpredictable weather 0.817 0.67
Lack of understanding of adaptation practices 0.681 0.46

�Squared multiple correlation.
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cent, indicating that all the variables contributed about 41% of the variance explained in
the ADB.

Figure 3 and Table 6 present the output of the complete structural model. The results
revealed that perceived susceptibility, perceived severity and perceived benefits have sig-
nificant influence on awareness of climate change with b = 0.38, 0.21, 0.29, respectively, at
1% significant level. It is also found that perceived barriers have negative impact on aware-
ness of climate change as we expected with b = ¡0.14 at p < 0.910. The results also
revealed that perceived susceptibility, perceived severity and perceived benefits have sig-
nificant influence on attitudes towards climate change with b = 0.27, 0.22, 0.38, respec-
tively, at 1% significant level. It is also found that perceived barriers have negative impact
on attitudes towards climate change as we expected with b = ¡0.07 at p < 0.815. This
finding is consistent with the findings of Bayard and Jolly (2007) who found a significant
relationship among those variables. For instance, if an individual has a feeling of being
affected by environmental degradation, this feeling may lead to a greater attitudinal
change. This change will help them to form favourable attitudes towards environmental
behaviour. Thus, these results support H1, H2, H3, H4, H5, H6, H7 and H8.

The results revealed that awareness of climate change has influence on forming favour-
able attitudes towards climate change adaptation with b = 0.30 at 1% significant level. It is

Table 5. Convergent and discriminant validity.
CR AVE AWN PERSUS PERSEV PERBEN PERBAR ATT ADB

AWN 0.742 0.579 0.760
PERSUS 0.717 0.560 0.552 0.749
PERSEV 0.750 0.513 0.295 0.640 0.716
PERBEN 0.854 0.598 0.245 0.600 0.102 0.773
PERBAR 0.904 0.613 0.383 0.545 0.036 0.567 0.783
ATT 0.812 0.594 0.176 0.273 0.272 0.650 0.778 0.771
ADB 0.792 0.562 0.230 0.081 0.269 0.397 0.683 0.730 0.749

Legends: PERSUS = Perceived susceptibility, PERSEV = Perceived severity, PERBEN = Perceived benefit, PERBAR = Per-
ceived barrier, AWN = Awareness of climate change, ATT = Attitudes towards climate change, ADB = Adaptation
behaviour towards climate change.

Note: Diagonal elements are in bold are the square root of the average variance extracted (AVE). Off-diagonal elements
are the correlations among the constructs. For discriminate validity, diagonal elements should be larger than off-
diagonal elements (Chiu and Wang 2008).

Figure 3. Full structural equation modelling.
Source: Authors estimation.
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also found that awareness and attitudes towards climate change influence adaptation
behaviour with b = 0.23, 0.25 at 1% significant level. Therefore, these results support H9,
H10 and H11.

Finally, the results also revealed that perceived susceptibility, perceived severity and
perceived benefits have direct significant influence on adaptation behaviour with b = 0.42,
0.23, 0.54, respectively, at 1% significant level, while perceived barriers have direct positive
but insignificant influence on adaptation behaviour with b = 0.05, p< 0.703. These results
are consistent with previous studies of Bayard and Jolly (2007), Sia, Hungerford, and
Tomera (1985), Vaske and Kobrin (2001), because the environmental concern was a
strong predictor of adaptation behaviour. In the test of mediating effects between per-
ceived susceptibility, perceived severity, and perceived benefits and adaptation behaviour,
we found there is a partial mediation effect of awareness and attitudes with b = 0.42, 0.23,
0.54, respectively, at 1% significant level as shown in Table 7. The results are consistent
with the previous studies of Cottrell (2003), Bayard and Jolly (2007) and Masud et al.
(2014).

6. Conclusion and policy implications

This study found perceived susceptibility, perceived severity and perceived benefits of cli-
mate change to play an important role in raising farmers’ awareness of climate change

Table 7. Output of direct and mediating relationship.
Direct relationship Relationship with mediator

Estimate P-Value Estimate P-Value Effects

PERSUS-ADB 0.422 0.000 PERSUS-AWN-ADB 0.384 0.000 Partial mediation
PERSUS-ATT-ADB 0.273 0.000

PERSEV- ADB 0.232 0.000 PERSEV-AWN-ADB 0.213 0.000 Partial mediation
PERSEV-ATT-ADB 0.229 0.000

PERBEN-ADB 0.548 0.000 PERBEN-AWN-ADB 0.297 0.000 Partial mediation
PERBEN-ATT-ADB 0.381 0.000

PERBAR-ADB 0.058 0.703 PERBAR-AWN-ADB ¡0.145 0.910 No effect
PERBAR-ATT-ADB ¡0.072 0.815

AWN-ATT 0.097 0.017 AWN-ATT-ADB 0.097 0.000 Partial mediation

Table 6. Hypothesis path coefficients.
No. Hypotheses Coefficient (b) C.R Remark

H1 Perceived susceptibility has influence on awareness of climate change. 0.383��� 3.538 Supported
H2 Perceived severity has impacts on awareness of climate change. 0.212��� 5.380 Supported
H3 Perceived benefits has influence on awareness of climate change. 0.293��� 2.310 Supported
H4 Perceived barriers has influence on awareness of climate change. ¡0.142 0.910 Supported
H5 Perceived susceptibility has influence on attitudes towards climate change. 0.271��� 3.076 Supported
H6 Perceived severity has influence on attitudes towards climate change. 0.223��� 2.698 Supported
H7 Perceived benefits has influence on attitudes towards climate change. 0.385��� 2.668 Supported
H8 Perceived barriers has influence on attitudes towards climate change. ¡0.071 0.815 Supported
H9 There is a significant positive relationship between awareness of climate

change and attitudes towards adaptation behaviour.
0.302��� 2.251 Supported

H10 There is a significant positive relationship between awareness and
adaptation behaviour towards climate change.

0.231��� 5.479 Supported

H11 There is a significant positive relationship between attitudes and adaptation
behaviour towards climate change.

0.254��� 4.691 Supported

Note: ���, �� and � indicate 1%, 5% and 10% levels of significance, respectively.
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and the formation of favourable attitudes in minimizing its adverse effects. The results
were consistent with the study done by Bayard and Jolly (2007) who found a significant
influence of perception of climate change on the attitudinal factors. The results of this
study provide the empirical support that is similar to Le Dang, Li, Bruwer, and Nuberg
(2014) who also noted that the farmers’ perception of climate change was related to their
adaptation behaviour. Based on this, it can be deduced that if people feel that they are
being affected by an environmental problem such as environmental degradation, they
would also feel that their livelihoods might be affected. Similarly, if they find that they
would be able to acquire economic and social benefits by making environmental improve-
ment then this may lead to a greater change in their attitude (Bayard and Jolly 2007).

This study also addressed the mediating effects between climate change awareness and
attitudes towards climate change and between perception and adaptation behaviours. The
outcome drawn from this study is consistent with the study done by Masud et al. (2016)
and Bayard and Jolly (2007). It appears that proper perceptions can change beliefs. There-
fore, beliefs can change attitudes towards taking actions (Kruglanski and Stroebe 2005)
and behavioural decisions (McCown 2005). A good understanding of the environmental
attitudes of mankind can be used to shape human behaviour and this can help the country
to achieve a minimum level of adaptation to the changing climate conditions that are
beyond the regional context (Rogers et al. 2011) and over time (Stern and Dietz 1994).

Furthermore, this study also found several barriers associated with adaptation practi-
ces, such as the high cost of farm input, unpredictable weather, lacking of water resources,
unpredictable weather pattern, inadequate agricultural extension officers, the limited
access to credit facilities and shortage of agricultural subsidies. This means that the exist-
ing farmers confront many difficulties in their adaptation practices. To overcome these
barriers, policy-makers should consider developing an appropriate adaptation policy
framework for the agriculture sector. Several steps taken by the farmers in adapting to the
impact of climate change, as shown in this study, showed that majority followed a
decreased water conservation technique, increased irrigation, and adjustment to livestock
management, different planting dates and crop diversification. Farmers, particularly those
in developing countries like Malaysia and Asia, need to adapt to climate change to reduce
their negative impacts to gain the benefits of adaptation. It is right time to improve farm-
ers’ knowledge of climate change adaptation and to enable them to follow an appropriate
adaptation mechanism to combat the negative impact of climate change. This could be
achieved by establishing training activities, developing vocational training and increasing
the capacity of others to enhance the adaptive capacity of farmers. These programmes are
important not only for farmers, but also for government officials who provide the appro-
priate technical support to farmers.

Conclusions and policy implications

The findings of this study offer several implications for adaptation to address climate
change for farmers in Malaysia. Unlike other studies that have focused on single disciplin-
ary determinants, this study combined psychosocial and economic factors to obtain a
broader assessment of climate change. This model also consists of limitations and barriers
for it to be adequately adapted to the agricultural systems. To address the social aspects of
climate change vulnerability, a local agenda for the adaptation of rice farmers should be
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developed. This should target the needs of the vulnerable farmers. Investments into the
‘no-regret’ options such as new crop varieties, climate smart extension services, climate
change ready agronomic practices and livelihood supports, could be introduced.

However, the above initiatives need to be sensitive to the everyday lives of the farmers.
Farmers should directly engage the coordinating authorities in their adaptation planning
and decision-making. The IPCC Fifth Assessment Report noted the importance of engag-
ing rural people in decision-making, especially to understand adaptation and the interplay
of informal public decision-making. Farmers need to have a strong voice in the adaptation
processes so that they can articulate their concerns and priorities effectively. There is also
a need to proactively engage subnational actors in the adaptation planning and policy,
and this can include the supporting subnational networks. Policy-makers can increase
their outreach to other local stakeholders so as to increase an awareness of these policies
and plans, thereby providing opportunities for feedback. Malaysia needs to build a public
support for adaptation because this is generally, lacking in ASEAN countries. One key
strategy to build a public support for adaptation is to engage smallholders in the adapta-
tion planning process.

Similarly, as a matter of urgency, policy-makers should conduct the planning and carry
out the adaptation strategies to minimize the adverse effects of the dynamic behaviour of
climate change. The coping mechanisms must be designed in several agro-ecologies to
establish some restraints on the boundaries and perspectives of each agro-ecology, as
opposed to a specific affiliation. These strategies ought to be coordinated with the various
industries. The outcome should also include making an investment in technology, which
can improve the irrigation system, plant tolerance to droughts and early rice cultivation
sessions, institutional capacity building, research, training and the promotion of farmers.

Furthermore, by increasing banking facilities to farmers and by providing relevant
social services to farmers, agricultural activity in the rural areas can become more attrac-
tive and this can motivate farmers to pursue farming. The farmers of this study are clearly
making efforts to adapt to climate change in various ways such as by using improved irri-
gation systems, by changing planting dates, by using formal irrigation systems by farming
near water bodies, by using organic fertilizers, by shortening growing periods and by using
other crop varieties. However, it appears that they lack adequate information on how to
adapt to climate change. Therefore, it is recommended that the government provides a
small-scale irrigation project that would minimize this stress. There should also be policies
formulated to consider farmers’ experiences with climate change and so it is suggested
that such policies should be reliable and can effectively measure the adaptation that needs
to be implemented. It seems clear that farmers should be given more support by local
NGOs and the government, terms of trainings, information and knowledge sharing, and
other fundamental resources which are necessary in their farming system.

In addition, these bodies should also consider providing technical training, particularly
agricultural extension, and vocational training, to equip rural youths with the basic agri-
cultural skills and knowledge to enable them to handle new technologies and technical
software packages. There is certainly, a need for proper education and awareness building
on the correct adaptation strategies. Furthermore, farmers should also adjust their plant-
ing dates to avoid crop failures due to late onset and early cessation of rains. Extension
workers should be trained in the science of climate change to enable them to disseminate
adequate information to farmers on appropriate adaptation measures. Finally, the
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government and private sectors should create small rural industries based on the currently
available agricultural commodities (raw materials) to absorb rural youths into the labour
force. This can motivate and encourage more young people to be involved in farming.
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