
1 Volume 2; Issue 01

Current Trends in 
Oceanography and Marine Science

Blair A. Curr Trends Oceanogr Mar Sci 2: 109.

Research Article
Climate Variability and Change in The Caribbean and The South Pacific: 
Learning from Farmers’ Perceptions and Responses in Antigua and Efate
Adelle Blair1, Salim Momtaz2 
1University of Newcastle, Australia
2University of Newcastle, Australia

Corresponding author: Adelle Blair,University of Newcastle, Australia. Tel: 268 4645198; Email: aacblair@gmail.com; Adelle.
Blair@uon.edu.au

Citation:  Blair A, Momtaz S (2019) Climate Variability and Change in The Caribbean and The South Pacific: Learning from Farm-
ers’ Perceptions and Responses in Antigua and Efate. Curr Trends Oceanogr Mar Sci 2: 109. DOI: 10.29011/CTOMS-109.100009

Received Date: 02 April, 2019; Accepted Date: 17 April, 2019; Published Date: 26 April, 2019

DOI: 10.29011/CTOMS-109.100009

Abstract
Generally, the research sets out answer the following questions: (1) what is the level of perception of climate change and 

its impacts among key stakeholders who rely on the coastal environment for their livelihoods?  (2) what climate change adapta-
tion plans and measures have been implemented within these livelihoods? The purpose of this paper is to assess the responses of 
farmers to the impacts of climate variability and change in two small islands. Agricultural production in the Caribbean and the 
South Pacific is rain-fed thus vulnerable to the negative impacts of climate variability and change which include precipitation 
changes. Very little to no information is available on climate change perception in small islands hence a study which examines 
farmers’ perception of climate change, how they match meteorological data and their adaptation strategies. This study uses a 
survey questionnaire to gather data on perception, adaptation measures, demographic and other factors from eighty farmers on 
two islands, Antigua and Efate. Farmers perceived changes in precipitation, temperature and wind speed. For both islands, the 
farmers’ perception did not always coincide with the meteorological data signalling the need for further work to determine the 
underlying reasons which may include distance of farms from data collection stations. All implemented crop, water and land 
management techniques as well as income diversification measures either to adapt to changes in their climate or as routine prac-
tices. We conclude that more information and support from government extension and meteorological departments, could help 
farmers to better understand and respond to climate variability and change.

Keywords:  Adaptation; Antigua; Climate Change; Efate; 
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Introduction
Some studies provide evidence that globally, temperatures 

have increased over the last 1,500 years by as much as 0.19 °C per 
decade since 1980, corresponding with increases in carbon dioxide 
emissions, associated with the burning of fossil fuels [1-3]. More 
recent studies such as [4]. reported that between 1998 - 2012, the 
warming rate was higher than indicated by the Intergovernmental 
Panel on Climate Change [5]. Further, changes in rainfall patterns 
are predicted to cause flooding and drought in some regions and 
sea level rise is also predicted to cause coastal flooding [6]. Climate 
change is also expected to affect crops, increase pests, pathogens 
and weeds as well as reduce the number of pollinators [7].  

 The Caribbean and the Pacific have been described as 
regions seriously affected by climate change, threatening many 

livelihoods including commercial agriculture [8-10]. For the 
Caribbean, it is likely that agriculture will be affected by increases 
in temperature and an annual reduction in rainfall by around 12% 
[11]. In the Pacific, climate change will also affect agriculture as a 
result of higher temperatures and extremes in rainfall events with 
possible increases by up to 2% in some places. Considering these 
projections, it is important to assess adaptation within farming as it 
plays an integral role in the socio-economic development of these 
countries.

Climate change adaptation is a process which involves 
perceiving and learning through observation of climatic impacts 
and the adoption of response measures to lessen these impacts or 
to benefit from opportunities which may become available [12-
13]. A study of how farmers have adapted to climate variability 
and change begins with an understanding of their perception of 
climate change, which may be direct, learning visually from the 
environment, or indirect, through the means of internal processes 
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such as memories [14-16].

Whilst the number of perception studies in developing 
countries which specifically focus on farmers and their responses 
to climate change and variability have increased over the past few 
years, studies on small islands are severely limited [17].  Such 
studies highlight that farmers are aware of aberrations in the 
climate and their responses have been mainly spontaneous, that is, 
at the individual level [18-19]. ���������������������������������Elsewhere, studies have been con-
ducted on farmers’ perception of soil erosion and land degradation 
and the level of investment in solving these problems. The results 
have been mixed. Some studies found that although the farmers 
were highly knowledgeable about soil erosion and conservation, 
they did not utilize the known control and conservation tech-
niques [20-22]. However, positive associations between soil ero-
sion and land degradation and the implementation of a wide range 
of management practices exist [23-25]. An understanding of how 
farmers perceive climate variability and change helps to improve 
social communication and assist in the development of relevant 
adaptation strategies and policies [26]. With this backdrop, this 
study aims to examine the farmers’ perception of climate change 
as well as their implemented adaptation strategies. 

Study Sites
The study was conducted on two islands: Antigua, within 

the twin-island nation of Antigua & Barbuda in the Caribbean Sea/
Atlantic Ocean and Efate, an island within the Shefa Province of 
the Republic of Vanuatu in the South Pacific Ocean.  For Antigua, 
the study area extended from the southwest in the Parish of St. 
Mary, eastwards to St. Paul and St. Philip parishes and northward 
through the parishes of St. Peter and St. George. This means that 
all parishes on the island were covered except St. John, the main 
urban centre, which has no significant agricultural holdings. The 
study area on Efate extended from Erakor in the southwest and 
northward to Mele, Part Havanah and eastward to Onesua, Epao, 
ending in the southeast in the Eton area. Overall, the study areas 
looped around both islands, covering all significant agricultural 
holdings.

Antigua 
The island of Antigua is the larger of the two inhabited 

islands of the country of Antigua & Barbuda (Redonda, the third, is 
uninhabited) and contains the main urban centre. This island has an 
area of 281 km2 and the highest elevation 402 m.  The population 
in 2013 was approximately 90,000 [27]. It has a tropical climate 
and is usually warm and dry with average daily temperature is 
approximately 28 °C.  The average annual rainfall is 1143 mm and 
the island is drought-prone. In Antigua & Barbuda, tourism is the 
mainstay of the economy.  The agricultural sector contributes 2% 
to the Gross Domestic Product (GDP) and provides employment 
for 21% of the labour force [28].  Production is mainly for the 
domestic market (tomatoes, carrots, mangoes, livestock) but sea 
island cotton is exported.

Efate
Vanuatu is an archipelago consisting of approximately 80 

islands with approximately 65 being inhabited.  Efate is the main 
urban centre of Vanuatu. It is the third largest island in the country 
with a population in 2009 of approximately 66,000 [29]. It is 900 
km2 in size and consists of a mountainous rainforest interior and 
sandy bays and lagoons along the coast and many rivers. The 
highest elevation reaches 647 m and the island receives an annual 
average rainfall of 2128 mm.  In the Republic of Vanuatu, there has 
been a focus on developing tourism which is the main contributor 
to the country’s GDP.  Agriculture accounts for 28% of GDP 
and provides employment for 65% of the labour force. The main 
agricultural products include copra, coconuts and timber, some of 
which are exported to places like Thailand and Japan.

Materials and Methods
This work is part of a PhD thesis which looks at climate 

change impacts and responses in SIDS. This paper describes some 
of the results from one of three livelihoods explored in the research. 
It focuses on perceptions of farmers and their responses to climate 
variability and change.

The questionnaire
A structured questionnaire survey was used to interview 

a random sample of 40 arable farmers from each island.  Field 
visits were conducted in Antigua during June and July 2014 and 
in Efate during October and November 2014. The questionnaire 
was pre-tested in Antigua on a pilot group of 30 which included 
2 farmers and 5 Agricultural Officers to enhance the design and 
content where necessary. A sample size of 30 was used for the 
main survey as this falls within the range established in qualitative 
research literature [30-31]. To account for possible non-response, 
the sample size was increased by 20% [32]. The 40 farmers from 
each island represent 3.3% and 2.1% of crop farmers from Antigua 
(2007 Agricultural Census) [33]. and Efate (2009 Census) [34]. 
respectively.  

Farmers were selected who were registered with the 
local authorities with 10 or more years of experience within 
the livelihood. In instances where participants did not meet the 
criteria, a convenience sampling technique was used to obtain 
the remainder.  In this case, 4 of Efate’s 40 questionnaires were 
completed through convenience sampling by farmers with 5-8 
years’ experience. These farmers were invited to participate 
whilst the other interviews were being conducted at the main 
market in Port Vila where they rented stalls to sell their produce. 
The registered farmers were contacted either via the telephone or 
face-to-face and the place and time of interviews were established 
(usually on the farms). All were given information statements to 
read and sign before the interviews were conducted mainly by 
the researcher. However, in instances where there were several 
farmers together especially at the main market in Port Vila, Efate, 
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interviews were also conducted by the researcher’s assistant and 
in others, the questionnaires were self-completed. The questions 
were in English.  

The questionnaire consisted of three parts. Part A addressed 
the demographic characteristics of the respondents and included 
questions pertaining to number of years in farming, land tenure, 
income sources and number in their employ.  Part B looked at the 
meaning of climate change as well as perception and impacts on 
the livelihood and adaptation measures.  In this Part and the next, 
Likert Scales were used in addition to tick-the-box questions.  For 
the Likert Scale questions, there were five options ranging from 
strongly agree to strongly disagree. Part C dealt with climate 
change and the farming industry, addressing inter alia changes in 
flowering times, growing seasons and yields and water concerns.  
Changes to the business were also explored as well as the impacts of 
extreme weather events such as heavy rainfall on their operations.  
This section also looked at future expected impacts and barriers to 
adaptation.  Farmers were also asked about the need for information 
and training and were invited to give further comment on climate 
change and their businesses. All interviews were conducted during 
the day. The questionnaires were completed anonymously and 
took approximately 20 minutes to complete.  The questions they 
were easily understood by the respondents. The scope of the study 
was limited to commercial farmers because of the importance of 
the agriculture to the economies of small islands.

Data analysis
Quantitative survey responses were collated by island on 

spread sheets using Microsoft Excel (2010). The information was 
then analysed using the SPSS (version 23) to produce summary 
statistics and frequency tables to compare the socio-demographic 
characteristics of the participants. Fisher’s Exact Test, a non-
parametric test, was used to determine statistical significance within 
frequency tables as well as whether non-random associations were 
present between data from both islands. 

Climate data were collected from the meteorological 
departments in both Antigua & Barbuda and Vanuatu for the 
43 years from 1971-2014.  In the case of Antigua, although the 
southern and south-western regions (the agricultural belt) receive 
more rainfall than the north-eastern region where the meteorological 
department is located, the rainfall data collection was inconsistent 
during the period 1957-2013, with several months’ data missing 
[35]. Similarly, all climate data for Efate were obtained from the 
national meteorological department for ease of comparison and to 
ensure data reliability.

The data were analysed using the Mann-Kendall (MK) 
trend test by means of the Addinsoft XLSTAT 2016.06.36773 
for Microsoft Excel.  The MK method is used to detect linear 
trends mainly in rainfall and temperature time series and has been 
endorsed by the World Meteorological Organisation and was used 
in many recent studies [36-37]. The MK test is used to determine 

statistical significance within the data at a p-value=0.01.  The MK 
statistic (S) indicates the existence of a positive or negative trend 
in the data (ITRC, 2013).  In XLSTAT 2016, the MK statistic (S) 
used for the test and its variance are given by

in which n represents the number of observations and xi 
(I=1…n) are the independent observations.

The Sen’s slope estimator tells the magnitude of the slope in 
the trend [38].   Based on [39]. the slopes (Ti) of all data pairs are 
first obtained using

in which xj and xk are data values at time j and k (j > k) 
respectively. The median of these N values of Ti is Sen’s estimator 
of slope which is calculated as

A positive β indicates an upward or increasing trend while 
a negative result indicates a downward or decreasing trend in the 
data. Both methods have now been used extensively to identify 
positive or negative trends in meteorological data as well as the 
resulting statistical significance determined by a p-value <0.05 
[40].  

Qualitative responses were organized and coded into themes 
based on the issues highlighted and their frequencies.  Themes that 
emerged were concerns over the inadequacy of extension services 
and the need for more information on climate change.

Results and Discussion
Farmers’ characteristics

(Table 1) presents a summary of the demographic 
characteristics of the farmers. The highest percentage of farmers 
from both islands were males and between the ages of 45-54 and 
had attained primary level of education. The highest percentage 
of Antiguans made over USD2000 in weekly income (data were 
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standardized) while 97.5% of Efate’s farmers made <USD 200. On average, the Antiguans had 12 more years of experience in farming 
than Efate’s farmers.   These variances in income and years of experience may be attributed to cultural differences, standard of living 
and activities undertaken by the farmers in both islands.

Factors Antigua Efate Factors Antigua Efate
Gender 

(%)
Male 85 50

Level of Education 
(%)

Primary 40 70
Female 15 50 Secondary 32.5 12.5

Age 
Range 

(%)

18-24 2.5 12.5 Technical/Vocational 15 2.5
25-34 7.5 12.5 College 10 0
35-44 10 20 University 2.5 2.5
45-54 37.5 32.5 No Formal Education 0 12.5
55-64 35 15

Weekly Income 
Range (in US $) (%)

1-199 2.5 97.5
65-74 7.5 7.5 200-299 5 0

75+ 0 0 300-399 17.5 0

Marital 
Status 
(%)

Single
Visiting 20
Common-

law  10

Visiting 12.5
Common-law  7.5

400-599 17.5 2.5

600-799 10 0

Married 62.5 75 800-999 2.5 0
Divorced 5 0 1000-1249 12.5 0
Widowed 0 2.5 1250-1499 0 0
Separated 2.5 2.5 1500-1999 2.5 0

2000+ 30 0

Number of years as a 
Farmer

Range 10-40
Mean    26

Mode    17.5

Range   5-30
Mean    14
Mode    10

Number of Financial Dependents
 

Range 
1-50
Mean    

10
Mode    9

Range   
1-10

Mean    5
Mode    4

Table 1: Farmer’s Demographic Characteristics.

Farmers’ awareness and perception of climate change 
The findings revealed that farmers from the Caribbean and the South Pacific perceived that they are experiencing changes in their 

climates (Table 2).  Most perceived that the weather pattern had changed, temperatures had increased, rainfall had become unpredictable, 
droughts were more frequent and winds were stronger. These perceived changes are critical to agricultural productivity and affect 
various crops differently. These impacts must therefore be addressed separately. 

Variables
Agreed (%) Disagreed (%) Neutral (%)

Antigua Efate Antigua Efate Antigua Efate

Increased flooding 26 76 68 3 6 21

Increased rainfall amount 18 79 70 0 12 21

Unpredictable rainfall pattern 88 76 5 0 7 24

Rainfall events have not become more intense 65 11 26 40 9 49

Lower temperatures 18 61 68 12 14 27

Stronger winds 55 70 20 6 25 24

More frequent droughts 88 67 5 3 7 30
Increased hurricanes/

cyclones/storms 43 61 35 3 22 36

Strange changes in the weather pattern 93 64 4 3 3 33
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Warmer summers 86 73 3 3 11 24

Wetted winters 18 73 53 0 29 27

Higher temperatures 91 76 0 0 9 24

Decrease in heat extremes 8 6 80 54 12 40

Table 2: Farmers’ Perception of climate change.

Perception of rainfall changes 
For Antigua, 70% of the farmers believed that rainfall had decreased. Between 1972-2014, there had been considerable variability 

in the rainfall pattern but no statistically significant trend was found at the 95% confidence interval (Figure 1).  However, the nature of 
the trend is negative as indicated by the values for Kendall’s (S) and Sen’s slope estimator (Table 3).  Seventy-nine percent of Efate’s 
farmers perceived that rainfall had increased. shows that the positive values of Kendall’s (S) and Sen’s slope estimator indicate an 
increasing trend though not statistically significant. 

Figure 1: Annual Rainfall for Antigua and Efate (1972-2014).

Variables

Mann-Kendall Test Sen’s Slope Estimator

Kendall (S) Trend Nature P-Value Trend 
Significance Magnitude Trend Nature

Antigua Efate Antigua Efate Antigua Efate Antigua Efate Antigua Efate Antigua Efate
Annual 
Rainfall -39 83 Negative Positive 0.68* 0.38* No No -1.403 5.491 Negative Positive

Maximum 
Temperature 142 180 Positive Positive 0.14* 0.00* No Yes 0.007 0.053 Positive Positive

Minimum 
Temperature 0.274 76 Positive Positive 0.01* 0.14* Yes No 0.011 0.025 Positive Positive

Wind Speed -268 40 Negative Positive 0.00* 0.40* Yes No -0.050 0.000 Negative Positive

* Two-tailed test at significance level: ɑ 0.05.

Table 3: Results of trend analyses for selected climatic variables, Antigua and Efate.
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In both cases, variability was detected in the rainfall data 
but it did not support the perception that rainfall had decreased 
for Antigua and increased for Efate. However, as also found by 
[41]. the direction of Kendall’s (S) and Sen’s slope were usually 
compatible with the farmers’ perceptions as found in this research.   
Previous studies have also reported that farmers’ perception about 
rainfall changes did not match with meteorological data and 
recommended more education on climate variability and change 
[42]. Still the farmers implemented adaptation strategies that were 
related to their perception, many of which may also be attributed 
to improving their yields and soil quality.        

Perception of temperature increase
Ninety-one per cent of the Antiguan farmers perceived that 

there was an increase in temperature. The MK test indicates the 
trend for maximum temperature was close to being statistically 
significant (p=0.14).  This increase was substantiated by the 
positive trend of Sen’s slope. However, the minimum temperature 
was found to be increasing with a statistically significant trend 
(Figure 2). Seventy-six per cent of Efate’s farmers perceived 
that temperatures had increased.  A statistically significant trend 
(p=0.00) was observed in the maximum temperature data at the 
95% confidence level.  Regarding the minimum temperature, the 
MK test indicates that the trend was close to being statistically 
significant (p=0.14). 

Based on the results of the MK tests, temperatures (both 
maximum and minimum) have increasing trends in both islands. 
Therefore, the farmers’ perceptions matched the meteorological 
data. Previous studies have reported that farmers’ perception of 
increased temperatures were corroborated by meteorological 
data [43] With specific reference to maximum and minimum 
temperatures found that the minimum temperature variable yielded 
a larger warming trend than the maximum temperature as found in 
Antigua.  Other studies have found that daytime temperatures have 
greater increasing trends than night-time temperatures as found in 
Efate [44]. These increases will negatively impact the farmers as 
extremes in temperature affect plant development and growth, 
pollination, soil water balance and ultimately crop yield.

         

Figure 2: Trends in Maximum and Minimum Temperatures, Antigua and 
Efate (1971-2014).

Perception of stronger winds
Fifty-five per cent of the Antiguans perceived that winds were 

stronger.  However, the MK test indicates that there is a statistically 
significant decreasing trend which is corroborated by Sen’s slope 
estimator (Figure 3). For Efate, 70% of the farmers perceived that 
winds were stronger. Nevertheless, the meteorological records 
revealed no statistically significant trend and Sen’s slope estimator 
indicates that there is no trend.  However, the MK (S) suggests 
that the nature is upward, that is, it is increasing. A number of 
global studies have found that over the last 30-50 years, there 
have been a decreasing trend in seasonal and or annual mean 
wind speed in places such as the Caribbean [45].  Studies have 
also reported that in other places, there are either no trends or an 
increase in some oceanic regions as the Pacific, as found in Efate 
[46]. Nevertheless, the farmers’ perceptions were not corroborated 
by the meteorological data. It must be stated, however, that this 
could be due to wind speed variations at both airports and farm 
locations.
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Figure 3: Wind Speed trends for Antigua and Efate (1971-2013).

Farmers’ perception of climate change impacts on the farm
In addition to changes in the climate, the farmers perceived that several changes had occurred on their farms within the last decade 

(Table 4).  

Changes
Agreed (%) Disagreed (%) Neutral (%)

Antigua Efate Antigua Efate Antigua Efate

Freshwater shortages 96 58 0 15 4 27

Changes in Crop Seasonality 83 61 14 6 3 33

Reduced number of Pollinators 70 55 18 18 12 27

Increased incidences of Pests 90 52 3 12 7 36

Increased incidences of Diseases 83 58 5 6 12 36

Increased incidences of Weeds 55 67 28 3 17 30

Increased Crop Varieties 53 64 30 0 17 36

Increased incidences of Saline Intrusion 50 39 33 15 17 46

Changes in the growing season in my country 73 57 26 0 1 43

There has been an increase in new insects 98 17 0 37 2 46

Crop yield has decreased 88 32 11 11 1 57

Table 4: Perceived changes on the farm.

The main changes perceived in both islands were freshwater shortages, changes in crop seasonality and growing season and 
increased incidences of pests and diseases. Similar findings to this study were reported in rural Senegal where water scarcity was 
perceived as the main issue [47]. The perceived increase in new insects in Antigua was consistent with the findings of [49] who found 
this as the main barrier to production. Efate’s farmers’ perception that weeds had increased was also reported by [42] and responses 
included chemical and biological inputs to reduce the infestation. These results mean that farms are under threat from abiotic and biotic 
stresses which must be resolved often with costly measures.  

Adaptation strategies
In response to the perceived changes in the climate and on the farms, all farmers implemented several strategies (Antigua: n=40, 

Efate: n=37). However, it must be noted that the implemented measures could also be considered as routine strategies by farmers to 
maximise profits, reduce the spread of plant/diseases while maintaining soil fertility.
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Crop management
The main measures implemented in both islands were crop 

rotation, changes in crop varieties and planting of shade trees 
(Figure 4). Similar methods of modifying farming practices, 
crop types and varieties were reported in other studies [48]. Crop 
diversification and the breeding of new varieties with greater 
tolerance to local abiotic and biotic stresses such as drought and 
insects, respectively, have been found to lessen the impacts of 
climate change [48-49].    

Figure 4: Trends in Maximum and Minimum Temperatures, Antigua and 
Efate (1971-2014).

Water management

Figure 5: Wind Speed trends for Antigua and Efate (1971-2013).
Farmers from both islands were managing water mainly 

through rainwater harvesting and water conservation (Figure 5). 
Dam construction was also common to both islands. It was also 
found that dam construction, pond clearing and maintenance 
were important methods to address water scarcity [42]. Although 
irrigation was only used by the Antiguans, it was found to be one of 
the main adaptation strategies implemented elsewhere to provide 
water to the farms and allow planting in the off-season [50]. The 
only reported cases of irrigation usage on Efate were in areas 
related to horticulture and may be because of the high availability 
of ground water even during drought conditions.

Land management

Figure 6: Crop Management Measures Recently Implemented.

The main method used by farmers from both islands was 
shifting cultivation and mirrors the finding of [19] (Figure 6 in 
the supplementary material).  This method, while used to increase 
yield, is often used in conjunction with fertilizers and mulching 
to make up for loss of nutrients and soil moisture [51]. The main 
technique implemented by the Antiguans was reduced tillage 
which has been found to be beneficial to soil quality and improves 
crop production when combined with crop rotation [52].  

Income diversification
Off-farm employment activities included taxi-driving, 

logging, charcoal production, fishing, weaving and a shift from 
crop to livestock production. Diversification into non-farming 
activities such as fishing and animal husbandry has been found 
to be a popular coping mechanism for farmers as it provides 
additional income and helps the farmers to manage their climate 
change risk [53-54].        

Conclusion 

The findings of this study suggest that the climate is changing 
in the Atlantic and the Pacific. Useful information has now become 
available that was absent on how these farmers are addressing 
climate variability and change.  Notwithstanding the distance 
and the differences in socio-economic conditions. The farmers 
have many similar experiences in terms of climatic change and 
their resulting impacts within the industry. Although the farmers’ 
knowledge cannot be equated to scientific data, the anecdotal 
information still provides an important baseline for future studies 
[55-56]. Because of the perceived changes, the farmers have taken 
steps to protect their livelihoods.  However, they could benefit 
from targeted weather forecast and early warning systems which 
would help them to be more proactive in a changing climate. Crop 
rotation, rainwater harvesting and shifting cultivation are common 
adaptation strategies used in both islands.  These strategies were 
combined with various off-farm activities to diversify and increase 
income. Agricultural productivity can be improved with various 
crop, water and land management practices but farmers lack funds 
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and technical support. Collaboration between farmers, agricultural 
extension and meteorological services is crucial in successfully 
managing the impacts of climate variability and change in Antigua 
& Barbuda and Vanuatu.   
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