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Abstract

Perception of climate change and variability supported by local knowledge has helped to ad-
vance understanding of climate change and its impacts on agricultural land-use systems. This
study compares farmers’ perception of climate change and variability in four communities of
the Upper East Region of Ghana. Using a sample of 186 households from these four commu-
nities, farmers’ perception was compared with historical climatic data from the closest
weather station of the study area. Also, logistic regressions were used to estimate factors that
influence the perception of climate change and variability in the area. Findings show that
71% of respondents perceived an increase in temperature which matches with the climatolog-
ical evidence. On the other hand, decreasing rainfall with a shortening period was observed
by 95% of respondents. From the climatological data, no real evidence of reduction in the
amount of rainfall was apparent due to the high inter-annual variability. Unlike the rainfall
data, there is an agreement between climatological data and farmers’ observation that the
onset of the rainy season is now shifting from April to June, accompanied by an increasing
dry spell. In contrast, there is a divergence concerning the length of the growing season
which is explained by the strong influence of the onset rather than by the end of the rainy
season. From the findings of the binary logistic analyses, the local topography and the infor-
mation on weather and climate were significant in determining the likelihood of a good per-
ception of climate change and variability. Therefore, for any policy directed at farmers to
adopt adaptation measures to climate change, more attention should be given to the role of
the local environment and access to climate-related information.
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Introduction

Africa is one of the most vulnerable continents to climate change and climate variability
where the situation is aggravated by the interaction of multiple stresses, occurring at various
levels, and low adaptive capacity (Boko et al., 2007). Much of the population depends on ag-
riculture, particularly rain-fed agriculture, but at the same time widespread poverty renders
people vulnerable to climate stress (Livingston et al., 2011). For instance, the recurrent
droughts in many African countries have demonstrated the effects of climate variability on
food resources (Stanturf et al., 2011). As a result, many people face food insecurity, adding to
already existing poverty. Sub-Saharan Africa, for instance, is one of the regions where farm-
ing is the main activity in semi-arid rural areas. However, the region is particularly vulnera-
ble because of its ecological fragility, institutional weaknesses and political instability, now
aggravated by climate change (Dixon et al., 2001; Livingston et al., 2011). In Africa, little is
known about how climate interacts with other drivers of change in agricultural systems and
broader development trends. The likely impacts of climate change on the vulnerability of ag-
ricultural systems need to be better understood, so that the resilience to current climate varia-
bility as well as the risk associated with longer-term climate change can be gauged and ap-
propriate actions taken to increase or restore resilience where it is threatened or lost
(Thornton et al., 2008).

Like other parts of the West African Savannah, the Upper East Region (UER) of Ghana has
been, since colonial times (1904-1957), the poorest part of the country. The area suffers from
difficult climatic conditions, relatively high population density and patterns of underdevel-
opment, which are the result of discriminatory colonial and post-colonial policies (Laube et
al., 2012). Accordingly, apart from climate change, rapid population growth has occurred
over the last century, which has led to increasing pressure on natural resources such as soils,
pastures and forests. Degrading resources have led to decreases in the output of the traditional
agro-pastoral production system consisting of rain-fed agriculture and livestock husbandry
(Laube et al., 2012). Given the dynamics and complexity of the agricultural land-use systems
in rural West Africa (Boserup, 1965) and other livelihood strategies, there is a great need to
better understand the impacts of climate change on the vulnerability of these systems. In this
case, the complexity of the situation means that for many in Africa, adaptation is not an op-
tion but a necessity (Boko et al., 2007). Accordingly, it is believed that adaptation can greatly
reduce vulnerability to climate change by making rural communities capable of adjusting to
climate change and variability, dealing with moderate potential damages, and coping with
adverse consequences (IPCC, 2001).

However, in the context of the West African savannah, agricultural adaptation is about deci-
sions and changing conditions at farm and local levels (Bryant et al., 2000). In fact, farmers
have diversified their livelihoods to adapt to uncertain environmental conditions in various
ways including changes in crop management practices, livestock management practices, land
use, land management and livelihood strategies (Boko et al., 2007; Bryan et al., 2013; Laube
et al., 2012). Previous studies suggest that in order to improve estimates of climate impacts
on agricultural systems and contribute efficiently to adaptation research, there is a need to
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know more about how farmers perceive climate and how they respond, in both the short- and
long-term, to variable climate conditions, including the magnitude and frequency of extreme
conditions (Smit et al., 1996). Moreover, literature on adaptation also makes it clear that per-
ception studies are necessary for adoption of adaptation strategies (Maddison, 2006). Thus, a
number of studies in Africa (Okonya et al., 2013; Simelton et al., 2013; Moyo et al., 2012,
Penaranda et al., 2012; Gbetibouo, 2009; Maddison, 2006) have suggested that the success of
any adaptation measures would depend on a good farmers’ perception about climate change
and variability.

Studies conducted by Salick and Byg (2009) indicated that local knowledge and experience
have helped to advance understanding of climate change and its impacts on agriculture. For
example, a study among coffee producers in Central America and Mexico (Tucker et al.,
2010) supports the importance of local knowledge and perception of climate as a critical in-
gredient in guiding policy responses on adaptation. In South Africa and Ethiopia, research
highlighted the role of perception in understanding the importance of education and aware-
ness building and in identifying available options to enable farmers adapt to changing climate
(Bryan et al., 2009).

Legesse et al. (2012) contended that understanding perception and adaptation strategies of
individual households helps to generate additional information relevant to policy and inter-
ventions to address the challenges of sustainable development in the light of variable and un-
certain environments. Mahmood et al. (2010) reiterated the importance of measuring percep-
tion level about climate change and formulation of coping strategies. Thus, a better
understanding of farmers’ perception of climate change and ongoing adaptation measures as
well as their decision-making process is important in formulating policies aimed at promoting
successful adaptation of the agricultural land-use system. Although in the study area much
has been done in implementing adaptation research, there is little to indicate that farmers per-
ceive the threat of climate change sufficiently to warrant their adopting adaptation measures
(Yaro, 2013; Kemausuor et al., 2011; Fosu-Mensah et al., 2010; ). In fact, one of the pro-
posals of the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC) is the need to continue generating and sharing new knowledge from different fields
and sectors because climate change is dynamic and complex (Vermeulen, 2014). Therefore,
adaptation will require the involvement of multiple stakeholders, including first and foremost,
farmers, but also policymakers, extension agents, NGOs, researchers, communities and the
private sector (Bryan et al., 2013).

Noting that effective adaptation rests on the integration of both scientific ideas and local per-
ception of farmers (Jarawura, 2014; Simelton et al., 2013), the following research question
will be addressed by this study: how does farmers’ perception of climate change and variabil-
ity compare with official climatological data in the study area? This research acknowledges
the bridge initiated by previous studies in integrating qualitative and quantitative data (Moyo
et al., 2012, Simelton et al., 2013), and focuses on the analyses of farmers’ perception in
comparison with climatological evidence. Also, factors that influence farmers’ perception of
climate change and variability in the study area were investigated.
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Methods

Conceptual framework

A conceptual framework (Figure 1) that integrates the components of the socio-cultural con-
text of the study area, the local climate and the climatological records is developed in order to
guide the discussion of findings of this research.

This framework helps to organise and contrast both farmers’ perception data and the quantita-
tive climatological data. The framework is designed as a flowchart composed of three levels.
The first level describes the aforementioned components where the links between them are
not explicitly described. The second level shows a link between the two sources of data on
climate change and variability. As a result, the indigenous ecological knowledge of people
has a great influence on their perception (Villamor et al., 2014; Salick & Byg, 2009; Ellis &
Swift, 1988). Also, perception is determined by learning factors (Maddison, 2006) where in-
dicators such as age, experience, environment and information on weather and climate play a
very important role in the awareness of climatic parameters (Roncoli et al., 2002). The
changes over time determine the variability and therefore the implications of climatic pa-
rameters and rainy season characteristics for climate change. Then, the trends in climatic
conditions are analysed in considering the normal periods (1961-1990 or 1971-2000) (WMO,
2007). Finally, the last level of the framework highlights the influence of the awareness and
interpretation of climate phenomena on farmers’ decision and choice of responses. Therefore,
the way farmers perceive climate change and variability, choose their land-use and adjust
their cropping systems assures researchers and policy makers that they are talking about the
same weather, climate change and variability as the farmers they intend to assist (Simelton et
al., 2013).
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Figure 1: Conceptual framework integrating the socio-cultural context, climate and the climato-
logical record

Study area

The study area is located within the catchment of the Atankwidi River, a tributary of the
White Volta in the Upper East Region of Ghana. Its upper reach is in Burkina Faso (Martin,
2006). Geographically, the study area is located between latitude 10°50'41" - 11°00'35" N,
and longitude 1°03'47" - 0°53'02" W, along the border between Ghana and Burkina Faso.
Within the catchment, the study focused on the area (192 km?) populated by four villages:
Sumbrungu in the Bolgatanga Municipal District, Sirigu and Kandiga in the Paga district and
Yuwa in the Navrongo district (Figure 2). This area is in the Sudano-savannah agro-
ecological zone where the loss of land productivity is negatively affecting communities who
are relying on natural resources for their subsistence lifestyle (Higgins, 2007). The vegetation
is dominated by scattered trees such as the baobab (Adansonia digitata), locust bean (Parkia
biglobosa), acacias (Acacia spp.) and sheanut (Butyrospermum parkii) (Salifu & Agyare,
2012). The area is also characterized by a mono-modal rainfall distribution with a distinct
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rainy season lasting approximately from May to September. The long-term mean annual rain-
fall is 990 mm at the Navrongo weather station which is close to the study area. The tempera-
ture is high throughout the year with an average daily maximum temperature of 35 °C and an
average daily minimum temperature of 23 °C. Relative humidity is highest (65 %) during the
rainy season. It drops quickly after the end of the rainy season in October, reaching a low
value of less than 10 % during the Harmattan period in December and January (Martin,
2006).

Although agriculture is the main economic activity, many households are engaged in activi-
ties such as handicrafts, trading, wood cutting and livestock rearing which constitute the main
source of cash income. Most available lands are used for small-scale agriculture in the rainy
season. The area is covered by scattered compound houses that are usually surrounded by
farmland of mixed cropping of cereals, groundnuts and rice. Some uncultivated patches are
usually scattered within the croplands, serving as grazing land for the local livestock. In addi-
tion to the aforementioned characteristics, the area was chosen because it is located in one of
the poorest regions of Ghana, where research on the impact of policy interventions on local
socio-economic and agro-ecological conditions could be of high importance, especially for
supporting sustainable improvement of local living conditions.

Data collection on perception of climate change and variability

The data were collected by means of a semi-structured household questionnaire which was
pre-tested with 10 farm households in Bolgatanga in November 2012 while the main survey
was carried out between January and April 2013. Qualitative and quantitative data were col-
lected on the following: (1) farming systems, (2) farmers’ perception of climate change and
variability and (3) adaptation strategies. A total of 186 households distributed among the four
villages were randomly selected and surveyed. Proportional to the official list of farmers pro-
vided by the MOFA (Ministry of Food and Agriculture) of each district, the following farm
numbers of households were randomly selected per study community: 51 households in
Sirigu, 62 households in Sumbrungu, 32 households in Kandiga and 41 households in Yuwa.
The sample was composed of 15% female headed households; of which 66% of the heads
were widows, while 85% were male headed households. As key decision maker within the
house, the household heads were interviewed. Most of them fell within the ages of 30 to 76.
The surveys were conducted with the help of Agricultural Extension Agents (AEAS) who
were used as enumerators because they represent a crucial link between the government and
the local communities within their enumeration areas. The AEAs were trained to ensure ef-
fective administration of questionnaires. The data were analysed using XLSTAT 2013 and R
packages.
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Figure 2: Study area

Climatological evidence

The historical climatic data from the Navrongo weather station (Ghana Meteorological Ser-
vices) was analysed and compared with farmers’ perception of climate change and variability
in the study area. The choice of this weather station was based on its position in relation to
the entire study area and the availability of long climatic records which covered a period of
nearly 50 years (1961-2010). These data were used to compute the annual average tempera-
ture (minimum and maximum) and rainfall. Other parameters related to the rainy season such
as onset, cessation dates and number of days without rain (i.e., drought) were computed over
a period of 40 years because only data for 1970-2010 had been recorded on a daily basis.

When computing the average of annual rainfall values, only the seasonal period of seven
months (i.e., from April to October) for each year was considered in order to ensure that only
the effective crop growing period was used. Thus, the agro-climatologic approach was ap-

plied to compute the dates of onset and end of the rainy season and the number of intra-
seasonal days without rain (dry spells):

e Onset of the rainy season: In the literature, several models have been proposed for deter-
mining the dates of onset of the rainy season, depending on the area of interest (Ati et al.,
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2002). The definition used in this study is based on the daily rainfall data with respect to
the length of the dry spells as supported by several authors (Sivakumar, 1988; Sivakumar,
1990; Morel, 1992; Diallo, 2001; Punyawardena, 2002; Stern et al., 2005). In this regard,
the date of the onset of the rainy season was defined as the date after the first of April
when rainfall accumulated over three consecutive days is at least 20 mm and when no dry
spell within the next 30 days exceeds 20 days.

e End of the rainy season: The definition of the end of the rainy season was based on the wa-
ter balance approach which refers to the soil drying process in order to determine the end
of the growing season (Aviad et al., 2004). Therefore, the date of the end of the rainy sea-
son is defined as the date after first October when soil with 60 mm of field capacity is to-
tally depleted by a daily evapotranspiration loss of 5 mm (Stern et al., 2005; Morel, 1992).
Then it is assumed that the soil is at field capacity of 60 mm on the last day of rain.

e Intra-seasonal dry spell: The dry spell was defined as consecutive days without rain (Stern
et al., 2005). Since a long dry spell after the start of the growing season (onset) causes a
‘false start’ or crop failure, it is very important to consider the parameter in this analysis,
especially in this case where farmers themselves indicated during the surveys that ‘the
drought after the sowing dates causes death of crops’, referring to crop failure. Based on
the importance accorded to this concern by farmers in the study area, the dry spell was
computed during the next thirty days after the date of the onset. And the average date of
the onset of the rainy season in this area is stated at 122 Julian days, which corresponds to
first May (Table 1).

e Duration of the rainy season: The duration or length of the rainy season which refers to the
length of the growing season in this analysis is calculated by subtracting the date of the be-
ginning (onset) from the date of the ending of the rainy season. This parameter, in addition
to those defined previously, was assumed to be the main concern of agriculturists in the
West African savannah (Edoga, 2007).

The climatic parameters were standardised in order to determine the climate trend of the
study area and explore its inter-annual variability. To do so, the standardised anomalies were
computed using the difference between an annual mean as observation and average of the da-
ta series divided by the standard deviation (Equation 1). The average of the data used is in
line with the requirements of the World Organisation of Meteorology (WMO) which suggest-
ed the following periods as normal (30 years) for any climatological studies: 1961-1990,
1971-2000 and recently 1981-2010 (WMO, 2007). Then the following formula was used to
calculate the standardised anomalies:

X, =X

Standardised anomaly = | Equation (1)

Where X; represents the annual value or observation of year i, X is the climatological aver-
age and ¢ is the standard deviation of the normal period.
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Table 1 Descriptive statistics of climatic parameters used to analyse farmers’ perception of
climate change and variability (1970-2010).

Standard
Mean Max Min Coefficient of *Change
Parameter deviation variation
Temperature max (°C) 35 36 34 0.48 0.20 1
Temperature min (°C) 23 24 22 0.46 0.28 1
Rainfall (mm) 974 1360 632 154 2.24 -5
Start season (Julian day) 122 162 95 17 2.21 9
End season (Julian day) 282 299 275 7 0.38 4
Duration (day) 160 193 122 16 1.61 -5
Dry spell in May (day) 10 17 5 3 5.01 3
Rain days (day) 70 85 58 7 1.60 -1

*Change corresponds to the difference of the extreme values (first year and last year) of the
trend line. (Data source: Meteorological services Agency of Ghana)

Data analysis

Farmers’ perception of climate change is considered as an aggregated awareness about the
trend of the following five climatic parameters (rainfall, temperature, onset, drought and the
end of the rainy season) generated from the historical climate records of the research area.
During the surveys, farmers were asked whether they had observed any long term changes in
temperature and rainfall over the last 20 years. In other words, farmers were simply asked
whether the number of hot and rainy days had increased, decreased, or stayed the same over
the last 20 years. The same approach was used for the onset, the end of the rainy season and
the dry spell. Farmers gave their points of view on these last three parameters which charac-
terised the rainy season through the following answers: (1) earlier; (2) late; (3) no change; (4)
increased; (5) decreased; or (6) do not know.

To consider that a respondent has perceived climate change and variability correctly, all of
the five following parameters must be in agreement with the respondent’s responses: 1) de-
crease in rainfall, 2) increase in temperature, 3) late dates of the onset of the rainy season, 4)
early dates of the end of the rainy season, and 5) increase in drought frequency. Any dis-
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agreement in one of the five parameters leads to a deviated perception of the respondent on
climate change. This conception of changes is based on the projection of the IPCC, when it
was predicted that changes in climate variability and extremes are likely to increase (IPCC,
2001) especially when agriculture, food and water are the key vulnerable sectors identified,
as in the case of Sub-Saharan Africa (Boko et al., 2007).

Further, the binary logistic regression model was used to determine the factors that influence
farmers’ perception of climate using the formula in Equation 2:

Iog(llj_iﬁ):ﬂo+ﬂlxl+ﬂ2x2 ot B X Equation (2)

Where i denotes the it observation in the sample and P; is the predicted probability of farm-
ers’ perception which is coded as a dummy variable with the value of 1 when a farmer has a
good perception of the climate change and 0 otherwise (1 - Pi). fo is the intercept term, and
P, f2, and ik are the coefficients associated with each explanatory variable X, X, and X,.

The term (Pi /1-P;) indicates the odds ratio. The coefficients in the logistic regression were
estimated using the maximum likelihood estimation method.

Binomial model variables

Dependent variable

Farmers’ perception as a dependent variable was used as a dummy variable represented by 1
when a respondent gave the right answers on the long term changes for all the following five
climatic parameters: rainfall, temperature, onset, drought frequency and end of the rainy sea-
son and 0 when one of the five answers was wrong (see section 2.4). Since farmers’ percep-
tion of climate change is a categorical variable with binary outcomes, the binomial logistic
regression was considered appropriate for analysing these data (Train, 2009; Greene, 2002;
2012). In the area of adaptation studies, farmers’ perception of climate change is typically
based on the perception of average change of rainfall and temperature which are the main
climatic parameters used in previous studies. The questions always pertain to the long-term
change and are placed into several categories such as perceived increase, perceived decrease,
and no change. In the data analyses of whether farmers perceived climate change or not, the
binary model was used (Bryan et al., 2013), but the probit model was deployed as well
(Deressa et al., 2008, Gbetibouo, 2009). In the current research, in addition to rainfall and
temperature, onset of the rainy season, end of the rainy season and drought or number of days
without rain were used to analyse farmers’ perception.

Explanatory variables

In the area of adaptation studies, the household characteristics, the institutional factors and
the environmental attributes are usually used to understand the factors that determine farm-
ers’ perception of climate change and variability. In this research, the following variables
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were hypothesised to influence farmers’ perception of climate change and variability: (1) age,
gender and farming experience of the household heads as characteristics of the households;
(2) the information about weather or climate received from extension officers or any media as
an institutional factor and (3) the values of slope and elevation of the location of the house-
holds as agro-ecological factors (Table 2). All these variables have been used in previous
studies (e.g., Deressa et al., 2008; Gbetibouo, 2009; Bryan et al., 2013) for the purpose of
exploring farmers’ perception of climate change and variability. The hypothesised influence
expected from these explanatory variables is also indicated in Table 2. Since the climatic data
of only one weather station were used and also because of the small size of the study area
(192 km?), temperature and rainfall were assumed to be quite uniform and only the slope and
elevation were considered as two factors which could have a sensitive influence on the eco-
logical conditions of the landscape in the area. The explanatory variables used for empirical
estimations are summarised below, where some hypotheses and their expected influence are
developed.

Household head age and Farming experience: It was assumed that the older the farmer, the
more experienced he is in farming activities. With respect to the results of the surveys, the
variables age of the household head and experience in farming have a positive relationship.
Also, the farmers best placed to pronounce on whether climate change has occurred are pre-
sumably those who have had the most experience of farming. As a result, it appears that the
more experience farmers have, the more likely they are to claim that temperatures have in-
creased and the less likely they are to claim there has been no change. The results for precipi-
tation are also very similar (Maddison, 2006). Therefore, age and experience of farmers are
hypothesised to positively influence the perception of climate change.

Gender: Studies showed that both male and female were aware of climate change. The per-
ception of climate change did not differ significantly on all parameters except on frequency
of droughts, with women more likely to perceive increased drought frequency compared with
men (Kisauzi et al., 2012). It was also found that difference between them was more ob-
served in the impacts caused by weather changes (Pradesh, 2010). For that reason, it is ex-
pected that female and male head households differ significantly in their ability to perceive
climate change.

Information on climate change: Information on climate may strongly help to uptake the
right decision to adapt to climate change (Maddison, 2006; Nhemachena & Hassan, 2007;
Deressa et al., 2008), because, access to weather and climate information increases the prob-
ability of perceiving changes in temperature and rainfall (Gbetibouo, 2009).

Agro-ecological setting (Elevation, Slope): In addition to the climatic variables (rainfall and
temperature), agro-ecological factors such as elevation, slope, etc. could also vary across dif-
ferent agro ecologies, influencing farmers’ perception of climate change (Okonya et al.,
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2013). Therefore, the agro-ecological setting is expected to positively influence the farmers’
perception.

Results

Comparative analysis of farmers’ perception and climatological data

Rainfall and temperature

Among the farmers interviewed in the study area, 82% perceived the long-term changes in
temperature over the last 20 years (Figure 3a). About 71% of them perceived temperature to
be increasing, in contrast to the 11% who perceived that temperature was decreasing. In com-
paring this perception with the actual trends of the maximum and the minimum temperature
recorded during the last 50 years (Figure 3b and 3c), a clear increase was noted, suggesting
that farmers’ perception in terms of long term changes in temperature was supported by the
climatological evidence.

The majority of respondents (96%) interviewed also perceived the long-term changes in rain-
fall pattern over the last 20 years. About 95% of them claimed that they observed a decrease
in the amount of rainfall and in the length of the rainy season (Figure 3a). In contrast, 2% of
respondents reported rainfall that had increased during the last 20 years.

Unlike temperature, rainfall seemed to be better observed by farmers since 16% of them did
not observe any change while 11% observed a decrease in temperature. Nevertheless, a com-
parison of farmers’ perception with the recorded climate data showed that there was no real
evidence that rainfall in terms of amount had reduced, as claimed by 95% of farmers (Figure
3a). Even though the trend of the rainfall pattern during the last 50 years is decreasing, the
decrease is not significant (R?= 0.0001) at all due to the high inter-annual variability of the
rainfall (Figure 3d). This observation raises the question of whether farmers’ perception of
climate change and variability has a limit over time or whether farmers may be more interest-
ed in climatic parameters which are more relevant for them because they are more related to
their farming activities.
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Table 2 Variables hypothesised to influence the farmers’ perception of climate change and

variability

Variable

Description

Expected
effect

Data source

Dependent variable

Perception of climate change

Binary responses based on the

answers of responder about the
change in the five climatic pa-

rameters

Field surveys
(2012)

Independent variable

Characteristics of household head

Age of the household head

Field surveys

tion of the household

+/-
Age 1) 2012)
The gender of the household Field surveys
(Gender head O 2012
Farming experience Number of years of farming ex- Field surveys
. (+)
perience of the household head (2012)
Institutional or policy related factors
Dummy variable on whether the Field surveys
Climate information household is gettmg information ) (2012)
about weather or climate from
extension officer or any media
IAgro-ecological setting of the household’s location
Elevation \Value of the elevation (m) of lo- ) GIS based calcula-
cation of the household tions
Slope value of slope (degree) the loca- B GIS based calcula-

tions
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Figure 3: Farmers’ perception of long term changes in (a) temperature and rainfall, (b) the
trends of maximum temperature, (¢) minimum temperature, and (d) rainfall

Onset and end of rains

Farmers of the study site paid much attention to the characteristics of the rainy season over
time. About 99% and 98% of interviewed farmers reported that there is a long-term change in
the start and end of the rainy season, respectively (Figure 4a). In terms of the date of the onset
of rainy season, 97% of respondents indicated the late dates of onset which have been shifting
from April to June during the last 20 years while only 2% of them reported that the dates of
the onset are early (Figure 4a). On the other hand, currently the dates of the end of the rainy
season are early, having shifted from November to October over the last 20 years according
to 96% of farmers interviewed; only 3% of farmers thought that the rainy season was ending
late. In comparison with the climatological data, the trend of the annual onset dates of the
rainy season during the last 40 years (1961-2010) shows a clear increase, suggesting that the



