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Effects of Rainfall and Temperature Variability on
Cocoa Production in the Dormaa West District of the
Brong-Ahafo Region, Ghana

E. M. Oseilx I. S. Egyir> C. Gordon?

Abstract

Climate change and variability are having severe impacts on agriculture production and food security, with yields from rain-fed
agriculture in most developing countries projected to half by 2020. One such liable crop is cocoa (Theobroma cacao). This study
used a time series statistical approach to measure variability in two weather parameters: temperature and precipitation, with a
view to highlighting the effects on cocoa outputs from Dormaa West District. Data used was from the Ghana Meteorological
Agency and the Ghana Cocoa Board for a 25-year period (1991 to 2015). The results suggest that there has been a 28.1% and
0.9% variability in average rainfall and temperature trends respectively for the period of 1991 to 2015. The variability in only
rainfall accounts for 25.2% of the variations whereas variability in the only temperature accounted for 10.0% of the variations in
cocoa outputs. From a general linear regression model, a combined effect of rainfall and temperature was shown to account for
25.3% variations in cocoa outputs for Dormaa West District. If trends in rainfall and temperature are to remain the same the
effects of temperature on cocoa production may be limited by the increasing rainfall amount and rainfall months by making up
for soil moisture losses. The study, therefore, recommends the need for programs that discourage forest depletion in the district
to help boost the local average rainfall amounts to make up for soil moisture losses due to evaporation. A wider geographical
spatial spread that will include other climatic variables (sunshine and humidity) should be analysed and modelled. This will help
identify cocoa producing areas that are highly vulnerable to harsh weather conditions, for which farmers in those areas must

adopt some specific and efficient measures to minimize their vulnerability.
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1. Introduction

Agriculture in Africa is one of the sectors most susceptible
to climate variability and change, as it is highly rain-fed
and dependent on other climatic variables such as tem-
perature, relative humidity, and sunshine [1] [2]. Climate
variability directly affects crop development processes [3]
and indirectly affect soil properties, as well as thriving
pests that attack crops [4]. The temperature in Africa is
rising faster than the global average and is likely to per-
sist in the future [2]. These rising temperatures coupled
with variable and highly unpredictable rainfall patterns
have negative impacts on agricultural activities across
Africa and the developing world [3]. In effect, empirical
studies suggest that changes in the climate have led to
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a reduction in crop production [5]. Yields from rain-fed
crops in some countries especially Sub-Saharan Africa is
projected to halve by 2020 [6] [7] [8].

One crop that is vulnerable to climate variability is Co-
coa (Theobroma cacao) of the mallow (Malvaceae) family
[9] [10]. Cocoa on the average thrives well within the
temperature range of 18°C to 21°C mean minimum and
30°C to 32°C mean maximum [11], and rainfall averages
of 1500 millimetres (mm) to 2000mm annually [12]. This
means that any increase or decrease below the mean min-
imum or beyond the mean maximum would negatively
affect cocoa output, as well as, the application of some
other determinants of cocoa output such as fertilizer and
pesticides. In addition, variations in rainfall pattern often
confuse farmers and affect the production process of the
cocoa tree [5].

In Ghana, historical climate data recorded by Ghana
Meteorological Agency (GMet) across the country be-
tween 1960 and 2000 shows a progressive and clear rise
in temperature and a decrease in rainfall in all agro-
ecological zones of the country [4] [13], which poses threats
to Ghana’s cocoa industry and cocoa livelihoods as it is
highly rain fed. Cocoa production contributes the highest
to foreign exchange earnings of approximately 30% [14]
[15]. It also contributes significantly to the generation of
employment for about 800,000 smallholder farm families
[11].

A survey conducted among cocoa farmers in 1991, 1999
and 2005 indicated a reduction in poverty levels among
cocoa-producing households from 60.1% in the 1990’s to
23.9% in 2005; the reduction was attributed to favourable
cocoa prices, higher yields and increased production [16].
In 2010/2011, Ghana’s exports of cocoa reached 1,004,000
metric tonnes and, has since been the second largest
exporter of cocoa in the world, in terms of quantity [17].
In addition, cocoa plays a significant role in providing
a secondary habitat for some forest animals and species
[18].

At the beginning of the 2014/2015 growing season,
targeted output of cocoa by Ghana Cocoa Board (COCO-
BOD) was 1,000,000 metric tonnes. Increases in producer
prices of cocoa (i.e 62.74% in 2014) were expected to be
enough economic incentive for farmers to increase pro-
duction. However, due to illegal mining activities [19],
seasonal bushfires, deforestation, poor farm maintenance,
and pest and disease infestations [16], the actual cocoa
outputs of the country fell below the targeted 1,000,000
metric tonnes to about 740,000 metric tonnes [20]. The
situation was exacerbated by variability in climatic vari-
ables (temperature, humidity, sunshine and rainfall) [16].
Most of these factors can be tackled through law enforce-
ment and the provision of extension support. The climate
factor, on the other hand, remains a big challenge, as
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cocoa is noted to react badly to any incidence of harsh
weather conditions [21]. The projected climatic variables
in areas such as the forest-savannah transitional zone
found in and around the Brong-Ahafo Region suggest the
area will be unfavourable for cocoa production in the not
too distant future [22]. It is therefore critical to assess the
level of effect on variability in temperature and rainfall
has on cocoa production in the area to help adapt the
most effective adaptation measures.

2. Literature Review

2.1 Evidence of Climate Variability

Climate variability is the way climate of an area fluctuates
yearly above or below a long-term average value. That
is a yearly shift from the long-term mean climate of an
area attributed to events such as EL-Nino, La Nina and
volcanic eruption, known as climate teleconnections [3].
The persistence of this variability may eventually lead to
a change in the climate of the area.

Rainfall over West Africa is influenced by both the
global climate teleconnections such as those associated
with El-Nino Southern Oscillation and regional climate
systems which include inter-tropical discontinuity, mon-
soons and sea surface temperature anomalies, as well as
human impacts from land use changes (deforestation)
[3]. The increasing global temperatures, frequency, and
uncertainties in the factors that affect rainfall in West
Africa are likely to increase rainfall anomalies within the
West African sub-region.

In Ghana, an analysis of a 40-year data from 1960
to 2000 displayed a clear rise in temperature and a si-
multaneous decline in rainfall across all agro-ecological
zones [23]. In addition, climate change scenarios for some
agro-ecological zones in Ghana shows a decline in annual
rainfall by 2.8%, 10.9% and 18.6% in 2020, 2050 and 2080
respectively and a rise in temperature by 0.6°C, 2.0°C'
and 3.9°C in 2020, 2050 and 2080 respectively [11]. These
changes projected are to decrease soil moisture conditions
during the dry seasons and intensify the risk of cocoa pro-
duction to the adverse impacts of climate change. Within
the past 50 years, sea surface temperature (SST) changes
in the Western Pacific (El Nino), led to below average
rainfall in most West African countries in 1983, leading
to a national plea for aid [22].

2.2 Cocoa Production in Ghana

The COCOBOD is mandated by the Government of
Ghana to manage activities in the cocoa industry, due to
its economic importance to the country. Their mandate
includes agricultural research into cocoa, export and inter-
nal marketing of cocoa beans, hybridization of seeds, the
sale of seeds, extension services to farmers and quality
control services [15]. The existence of this institution
over the years has ensured sustained growth in the cocoa
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industry in spite of low productivity when compared to
other leading cocoa producers in the world.

The country’s cocoa production since its establishment
in the 1800’s has seen four major phases. The introduction
and exponential growth period (1888 — 1937), stagnation
followed by a brief but rapid growth, after the country’s
independence (1938 — 1964), a near collapse (1965 — 1982)
and finally, the recovery and expansion following the im-
plementation of the Economic Recovery Program (ERP)
(1983 — 2008). The last phase became successful with
the implementation of the ERP, which involved increases
in the price paid to Ghanaian farmers as compared to
those paid to neighbouring countries [24]. In addition,
farmers were compensated for removing trees infested
with swollen shoot virus and planting new ones. This
led to a large number of farmers planting higher yielding
cocoa tree varieties developed by the Cocoa Research In-
stitute of Ghana, with 1995/1996 growing season having
an increase in productivity from 210 to 404 kilograms
per hectare (kg/h). From 2001,/2002 growing season saw
some other interventions by the Government of Ghana
through the mass spraying program and HI-TECH sub-
sidy packages to promote the adoption of a higher and
more frequent application of fertilizer. In addition, the
Cocoa Diseases and Pests Control program coupled with
a massive increase in world cocoa prices motivated more
farmers to increase their production. These interventions
from its start saw a massive increase in national cocoa
output from 380,000 metric tonnes to 500,000 metric
tonnes in the 2002/2003 growing season [25].

In addition to these interventions by the government
that sought to motivate farmers and increases production,
cocoa productivity rate in Ghana recently is estimated
at around 400kg per hectare (kg/h) [26]. Compared
to annual yield rates of countries such as Cote d’Ivoire
(600kg/h) and Indonesia (1000kg/h), Ghana’s annual
yield rate is very low, though most of our agricultural
lands are committed to growing cocoa [11] [27] [28]. In
addition, the technical efficiency among cocoa produc-
ing communities in West Africa was analysed, using the
stochastic frontier model and the Meta~stochastic frontier
analysis and, Ghana had the least efficiency of 44% with
Nigeria having the highest of 74% efficiency [29].

The low productivity has been attributed to several
factors such as variable climatic conditions, poor farm
practices, seasonal bushfires, illegal mining activities, and
pest infestations. Most of which are intensified by climate
variability, especially in rainfall and temperature [16]. The
highly contagious black pod disease is the most damaging
disease that affects the development and riping of the
cocoa pod [11]. The high incidences of black pod disease
can be attributed to high relative humidity obtained in
the morning across the cocoa growing belt in West Africa
[10] and also a continuous rainfall for several weeks [30].
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The effects of climate variability on cocoa production
render the government interventions insufficient. The kind
of cocoa variety Ghanaian cocoa farmers are encouraged
to grow (the hybrid type), only ensures a continuous
higher yield with lots of fertilizer and pesticide application.
In most cases the farmers are unable to afford, therefore
results in some recurring low yields [28], which require
some supporting strategies at the individual farmers’ level
to boost their yield.

2.3 Impacts of Climate Variability on Cocoa Produc-
tion

A number of climatic factors (temperature, rainfall, hu-
midity and sunshine) are noted to have interrelated im-
pacts on the growth of the cocoa crop [31], but the major
determinants of cocoa growth are temperature and rainfall
[32]. Research conducted in Ghana indicated that all key
informant interviews and farmers revealed that variability
in temperature and rainfall are the major challenges being
faced [15]. These impacts of climate variability, especially
prolonged drought on cocoa makes it difficult to establish
new cocoa farms [11] [15]. Marked dry periods result in
a reduction in Leaf Area Index leading to a reduction in
cocoa yields [23].

Temperature affects crops growth and development
in a number of ways. These include alteration of the
crop flowering period, leading to a reduction in seed
numbers and high evapotranspiration [33]. The moisture
loss leads to an increase in Plant Water Demand, causing
drought stress on the crop during the dry season [34].
Changing climate can also alter the development of pests
and diseases that affect cocoa by modifying the host’s
resistance to pesticides [30]. A case study conducted at
the Cocoa Research Institute Nigeria, Ibadan on the effect
of some climatic variables on black pod disease revealed
a positive correlation (0.370 and 0.003) for temperature
and humidity respectively [10]. That is, as these climatic
variables increase the incidence of black pod disease also
increases. In addition, the changes in length and intensity
of sunshine, that is, exceeding 60% tend to decrease the
rate of photosynthesis, with prolonged exposure to higher
sunshine damaging the photosynthetic mechanism of the
leaf [11].

Rainfall affect cocoa yields more than any other envi-
ronmental factor [23]. Cocoa is highly sensitive to drought
and the pattern of its cultivation is related to rainfall dis-
tribution [31], and therefore produces well under minimal
but sustained water availability all year [30]. This implies
that the year to year variations in cocoa yields are affected
more by rainfall regime than any other climate variable,
and therefore, the ideal annual rainfall regime suitable for
maximum growth and yield is between 1500 and 2500mm
[12]. Even though global projection for future rainfall
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indicates a decline, research suggests an insignificant de-
cline of 12mm in rainfall over Ghana and Cote d’Ivoire by
2030 [18]. In as much as an increased rainfall is needed for
high productivity, other researchers argued that increased
rains and prolonged wet seasons slow cocoa drying and
processing, thereby reducing the value of the bean and
increasing the cost of processing [15] [35]. Therefore, an
effective cocoa production through harvesting and pro-
cessing require timely and moderate rainfall distribution,
as cocoa is highly sensitive to extreme weather events.
In addition, due to the unpredictable rainfall patterns,
cocoa farmers tend to confuse regular times of spraying
cocoa pods to ensure maximum protection [30].

Understanding the effects of temperature and rainfall
variability on cocoa production will help stakeholders
especially farmers to adopt efficient adaptation measures
to minimize their vulnerability. The efficiency of an
adaptation must include the level to which the farmers
believe that there has been a change in climate and their
awareness of the type and form of change [36]. In addition,
the research is of importance, especially at a time when
the global cocoa industry is investing in productivity
gains through sustainable agriculture, as one of the main
pipelines for higher income and cocoa sustainability [37].

3. Materials and Methods

3.1 Study Area

The Dormaa West District is one of the twenty-two (22)
political and administrative districts in the Brong-Ahafo
Region of Ghana. It is located in the western part of
the Region, between Longitude 6° 51’45N and 7° 20N
and Latitude 2° 50’45W and 3° 1'0W. It is bounded
to its southwest by Bia East Districts, the west by La
Cote d’Ivoire, the east by Asunafo North Municipality
and to the north by Dormaa Central municipality. The
district has a total land area of 381 square kilometres and
nineteen major towns with Nkrankwanta as its capital
[38].

The district falls within the wet semi-equatorial climate
region of the country with an average annual rainfall
between 125cm and 175cm. The district experiences
a double maxima rainfall regime that is May to June
and September to October. The area has a pronounced
dry season that is from the latter part of November to
February. Temperatures are generally high, ranging from
26.1°C to 30°C with maximum temperatures recorded
between March and April, and the Minimum in August.
In addition, there is high humidity of 75 to 80% during
the rainy seasons and 70 to 72% humidity in the rest of
the year. These climatic conditions, therefore, makes it
favourable for the cultivation of cash crops such as cocoa,
coffee and food crops such as plantain, cocoyam [38]
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The major vegetation types in the district are the
unused forest, partly broken forest and extensively cul-
tivable forestland and forest reserve that are the Pamu-
Mpameso Forest Reserve covering 197.67 square kilo-
metres. The predominant timber species found in the
area are Triplochiton scleroxylon (Wawa), Milicia ex-
celsa (Odum), Entandrophragma cylindricum (Sapele)
and Swietenia macrophylla (Mahogany). Availability of
these timber species has led to the growth of carpentry
industry, which is a huge contributing factor to the de-
pletion of the forest cover with its adverse effect on the
climate [38].

The district is generally undulating and rises between
180 meters and 375 meters above sea level. The area
well drains with a network of rivers spread out within
the district. These rivers are mostly perennial due to the
double maxima rainfall regime experienced in the area.
Notable among these rivers are the Bia, Nkasapim and
Pamu rivers and are mostly used as a source of water for
the cultivation of vegetables such as okro and tomatoes
in the dry seasons [38].
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Figure 1. Map of Dormaa West District of the
Brong-Ahafo Region. Source: Author’s construct,
January 2017. Using ArcGIS 10.4.1

3.2 Data Collected

Seasonal variations in the climate in any area are undeni-
able, and this has proven by several kinds of literature to
be affecting agricultural production and for that matter
cocoa production, especially in areas that greatly depends
on natural conditions for its agricultural activities. Dor-
maa West District was purposively selected based on its
high agrarian economy (81.2%) [38], as the area is pre-
dominantly noted for cocoa farming in the Brong-Ahafo
Region, with two of the highest producing cocoa districts
(Nkrankwanta and Kasapin cocoa districts) fallen within
the district [21]. In addition, the increasing deforestation
in the district that affects the local climate of the area
[38] and its location in the transitional agro-ecological
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zone of Ghana made it a preferred area for the study.
Therefore, these characteristics of the district made it
better for the study compared to other districts in the
region. For the purpose of this study, secondary data
on cocoa yields for the years 1991 to 2015 and for two
climatic variables (rainfall and temperature) for the same
year period, for the district was obtained from the CO-
COBOD and GMet respectively. This when analysed,
establish the trends and rate of variability in the climate
for the district. In addition, how much these variations
are affecting the cocoa yields of the area.

The study was limited to only two climatic variables
(rainfall and temperature), without some other important
climate variables such as sunlight and humidity, which
equally affect cocoa development and the spread of pest
and diseases. This was because data for such variables
for Dormaa West District were unavailable at the Ghana
Meteorological Agency.

3.3 Data Analysis
In determining how climate variability affect cocoa yield,
temperature and rainfall data for the district were ob-
tained from the Ghana Meteorological Agency, Accra
from1991 to 2015. Preliminary data analysis to obtain
yearly averages for the climatic variables (temperature
and rainfall) was done using Microsoft Excel version 2016.
These averages were used to develop a line graph that gave
a pictorial view of the trend of increasing variability in
rainfall pattern but at a decreasing rate in rainfall amount
and an increasing trend in temperature in the Dormaa
West District over the 25-year period under study. A
descriptive statistical table (Table 1) was later developed
to generate the mean for the years, and other figures,
which aided in the calculation of the standard deviation
for both rainfall (x) and temperature (k). The formula
that was used to calculate the standard deviation was:
SD =/ =" i
Where SD = Standard Deviation, 3 (z —Z)? is the
sum of rainfall or temperature measure (x) for each year
minus the mean value (Z) for the years, all squared, and
finally (n) is the number of years used in the calculation.
After calculating the standard deviation (SD) for both
temperature and rainfall, the value obtained was used
to determine the coefficient of variation (CV) [39] by
substituting the mean and standard deviation into the
formula:

cv =52 X100

Where CV is coefficient of variation, SD is the standard
deviation and (z) is the mean for the rainfall and temper-
ature data used for the calculation. In addition, test was
carried out on the three variables (Cocoa output, rainfall
and temperature) using Augmented Dickey-Fuller (ADF)
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stationary test [40] in XLSTAT version 2017. This was to
ensure that the linear regression model to establish do not
give misleading regression analysis of the effect variations
in temperature and rainfall has on cocoa outputs from the
district. The results of the ADF test showed that average
temperature and cocoa outputs were nonstationary as
their absolute observe values were less than the critical
value (temperature = -2.117 < -3.536 and cocoa output =
-2.857 < -3.536). On the other hand, average rainfall was
stationary as its absolute observe value is greater than
the critical value (-3.700 > -3.536). Therefore, to make
it appropriate to carry out the regression analysis tem-
perature and cocoa outputs for the 25-year period were
transformed using integrated by order one I(1) to make
them difference stationary [40] (temperature = -4.334 >
-3.560 and cocoa output = -3.595 > -3.560).
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Figure 2. Integrated order by one I(1) transformation
for temperature and cocoa output values

Annual variations in cocoa outputs from the Dormaa
West District for the 25-year period was regressed against
average rainfall and temperature for the same period
using a multiple linear regression model in SPSS version
21.0 to determine if changes in these climatic variables
have significant effects on the annual variations in cocoa
yields from the district. Multiple regression is defined by
four (4) parameters; Y represents the dependent variable,
« represents the model constant, 3 represents the slope
and y represents the different independent variables.

Y =a+B1x1+Baxe+e

In this application, Y represents the cocoa outputs, a
represents the constant (y-intercept), 8 represents the
slope, x1 represents average rainfall, yo represents tem-
perature and e represents the error term.

4. Results and Discussion

4.1 Trend Analysis of Temperature and Rainfall for
Dormaa West District (1991 — 2015)

The trends in annual rainfall and temperature data avail-

able for the Dormaa West District from 1991 to 2015

are presented in the following graphs (Fig. 3, 4, 5, 6

and 7). The rainfall distribution for the area indicates

an upward trend even though historical climate data by
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the GMet across the country between 1960 and 2000
shows a progressive and a visible decrease in rainfall in
all agro-ecological zones. According to [34], the 19 Global
Circulation Models (GCMs) project a little increase in
annual rainfall for West Africa in drier areas of forest-
savannah transition and the northern parts of the cocoa
belt which the Dormaa West District forms a part. This
upward trend was explained to be an increased in rainfall
intensity for some particular months (Fig. 4) and not
necessarily a uniform distribution of rainfall throughout
the year for those years under review.
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Figure 3. Trend of yearly average rainfall (mm) for
Dormaa West District (1991 —2015)

In a change detection for the area between the years
1996 — 2000 and 2011 — 2015 (Fig. 4), it was obvious
that rainfall has positively changed across almost all the
months, with significant upward changes in rainfall ob-
served from the month of October to December. This may
be because of the general increasing trends in rainfall for
the northern parts of the West African cocoa belt, which
is projected to decrease the number of dry months from
four to three by 2050 especially toward the northward
parts of the Western Region of Ghana [34]. In addition,
it can be observed that the area has a double maxima
rainfall regime. The major seasons start somewhere in
March and ends in July and the minor from September
to October. In addition, the more temperature increases,
the more crop water use per unit biomass. This water is
either directly evaporated from the soil or perspired by
plants according to greater demand for water from the at-
mosphere [41]. Therefore, the increasing rainfall trends in
the district indicates that Vapour Pressure Deficit which
is the main effect of temperature on cocoa production
could be reduced. This will make up for soil moisture
losses due to evaporation, and make temperature have
an insignificant effect on cocoa production.

On the other hand, temperature trends for the same
period for the district (Fig. 5) shows an upward trend
confirming historical data of an increasing trend in all
agro-ecological zones of the country between 1960 and
2000. This increase in average temperatures has been
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Figure 4. Change detection in rainfall patterns (mm) for
Dormaa West District between the years 1996 — 2000
and 2011 — 2015

due to the effect of an increasing trend in the minimum
temperatures for the district (Fig. 6). Minimum temper-
ature is more probable to increase under climate change
[42], and this is causing a decline in the average tem-
perature ranges as the maximum temperatures show a
decreasing trend (Fig. 6). The effect of this increase
in minimum temperatures would be much significant in
affecting all phases of the perennial crop (cocoa) growth
and development [43].
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Figure 5. Trend of yearly temperature (0C) for Dormaa
West District (1991 —2015)

From a change detection record, it is shown that max-
imum temperature over the years 1996 — 2000 and 2011 —
2015 have not significantly changed for most months (Fig.
7). Slightly increases were recorded in January, Septem-
ber, and October and slight decreases in March. Mini-
mum temperatures, on the other hand, have increased
throughout the year with the exception of December and
January. In areas where the changing climate is expected
to cause an increase in rainfall (Fig. 3), large increases
in maximum temperatures are less likely to occur than
regions prone to drought [43].

From Fig. 6 and Fig. 7, it is observed that even
though the average yearly temperature ranges are gradu-
ally decreasing, monthly temperature ranges for January
and December (dry season) are seeing an increase. This
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Figure 6. Trend of yearly averages in maximum and
minimum temperatures (0C) for Dormaa West
District(1991-2015).
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Figure 7. Change detection in maximum and minimum
temperature (0C) between the years 1996 — 2000 and
2011 - 2015

is due to precipitation deficits that affect cloud cover and
soil moisture anomalies, which eventually impact the en-
ergy balance [44]. That is, dry conditions that correspond
to the higher ratio of sensible heat flux to latent heat flux
are responsible for the increased temperatures during the
daytime and very low temperatures during night-time
in the dry seasons. On the other hand, during the wet
season, a large amount of energy for evaporation is used,
which is a cooling effect, and supported by increased
soil moisture, causing monthly temperature ranges for
most land surfaces in the wet seasons (April — July, and
September — October) to be a little stable compared to
the dry season.

4.2 Determining how variations have occurred in Tem-
perature and Rainfall Amount for the District be-
tween the years 1991 to 2015.

This variability in the temperature and rainfall patterns

for the area as shown in the trend analysis were then

proven statistically by finding the coefficient of variation
among the temperature and rainfall data. Greater re-

liability means less variability [39]. Therefore, at 10%

confidence level, when the coefficient of variation for a

data is more than 10% it means the data is not reliable

and shows a significant variability in the data, on the
other hand, when the coefficient of variation is less than
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10%, it means the data is reliable and therefore shows an
insignificant variability in the data.

Therefore, from Table 1, the coefficient of variation for
temperature for the district is 0.9% indicating an insignif-
icant variability in temperature over the 25 years (1991
to 2015) under study. While the coefficient of variation
(CV) for rainfall for the district is 28.1% indicating a
significant variability in rainfall amount over the 25 years
under study.

Table 1. Annual Temperature and Rainfall variability in
the Dormaa Area

| Temperature (°C) | Rainfall (mm)
Year k k—k (k—k)? | x (z—2)? (z-7)?
1991 26.3 -0.1 0 90.6 -8.7 76.4
1992 26.1 -0.3 0.1 74.2 -25.2 635.3
1993 26.5 0.1 0 69.6 -29.7 883.4
1994 26.4 0 0 84.2 -15.2 229.7
1995 26.2 -02 0 98.5 -0.8 0.7
1996 26.3 -0.1 0 91 -8.4 69.9
1997 26.5 0.2 0 7.2 -22.1 489.4
1998 27 0.6 0.4 68.2 -31.1 968.6
1999 26.1 -0.3 0.1 114.5 15.2 230.1
2000 26.3 -0.1 0 76.8 -22.5 506.9
2001 26.3 -0.1 0 87.6 -11.8 139.4
2002 26.1 -0.3 0.1 110.2 10.8 117.1
2003 26.4 0 0 92.7 -6.6 44
2004 26.2 -0.2 0 87.7 -11.7 135.8
2005 26.3 -0.1 0 91.4 -7.9 62.6
2006 26.3 -0.1 0 91.6 -7.8 60.3
2007 26.5 0.1 0 113.6 14.2 202.4
2008 26.2 -02 0 95.4 -3.9 15.5
2009 26.3 -0.1 0 93.1 -6.3 39.5
2010 26.7 0.3 0.1 108 8.6 4.3
2011 26.6 0.2 0 207.4 108 11668.9
2012 26.4 0 0 126.1 26.8 717.3
2013 26.7 0.4 0.1 96 -3.4 11.5
2014 26.6 0.2 0 102 2.7 7
2015 26.5 0.1 0 136.2 36.9 1358.6
Total | 659.9 1.2 | 2483.9 18744.6

Average ‘ 26.4 ‘ 99.4

Standard Deviation (SD) ‘ 0.23 ‘ 27.95

Source: Ghana Meteorological Agency, 2017

4.3 Trends in Cocoa Production for Dormaa West Dis-
trict (1991 — 2016)
Cocoa production for the Dormaa West District from 1991
has seen a steady increase and decrease until 2004 (18,327
metric tonnes) and 2006 (21,574 metric tonnes) when it
shot beyond the normal increases between the 1991 to
2000 yield figures. From 2007 (21,351 metric tonnes) saw
a decreasing trend until 2010 (15,482 metric tonnes), but
eventually saw an excessive increase in 2011 (31,017 metric
tonnes) which could not be maintained and therefore saw
a significant decrease and which has continued until 2016
(17,108 metric tonnes), falling below the 2004 production
figures. This trend in the cocoa production for the area
conforms to the national output trends with an increasing
trend up until 2007. This has been attributed to an
increase in cultivated lands and partly due to improved
practices such as fertilizer application and change in crop
variety from the “Amazons” to the “Hybrid” varieties
[24]. In addition, the recent decreases in output from 2011
is being attributed to seasonal bushfires, deforestation,
poor farm maintenance, illegal mining activities and pest
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infestations, all of these are exacerbated by variability in
climatic variables [16].

««««««««

Figure 8. Trends in cocoa production for Dormaa West
District (1991 — 2016)

From the trend analysis of temperature, rainfall, and
cocoa production for Dormaa West District, there has
been a significant variation in temperature and rainfall
pattern. These variations are observed to be affecting
cocoa production for the area, all other things being equal,
especially rainfall, as trends in the rainfall pattern for the
area shows almost the same as the trends in cocoa output.
For instance, 2011 recorded the largest cocoa outputs ever
in the district’s output trends of 31,017 metric tonnes,
and in that same year, total annual rainfall amount saw
its peak at 204.7mm. In addition, if trends in rainfall
and temperature are to remain the same the effects of
temperature on cocoa production could be limited by the
increasing rainfall amount and rainfall months by making
up for soil moisture losses.

4.4 Effect of Temperature and Rainfall Variability on

Cocoa Production for Dormaa West District.
A multiple linear regression analysis was used to establish
the relationship between Cocoa Output (metric tonnes)
and Rainfall (mm), Cocoa Output (metric tonnes) and
Temperature (0C), as well as the combined effect of these
climatic variables on cocoa production, using SPSS ver-
sion 21.0. This enabled to conclude on the fact that
there have been some effects of variability in rainfall and
temperature on cocoa yields for the district.

From Table 2, the annual rainfall pattern for Dormaa
ranges from 68.2mm to 207.4mm per annum. The results
of the regression model estimation are presented in Table
1. The coefficient of rainfall is positive and statistically
significant at 5% significance level. This indicates that
rainfall has a positive effect on cocoa yield in the Dor-
maa West District. The impacts of climate change on
cocoa production in Nigeria was estimated, and the re-
sults showed that the main climatic element was rainfall
and has a significant impact on the growth and devel-
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opment of cocoa [34]. Rainfall failure has the tendency
to increase the cost of controlling diseases and pest, and
reduce the quantity and quality of the cocoa beans. The
regression coeflicient of determination shows that vari-
ability in rainfall contributes 25.2% to variations in cocoa
yields for the district, leaving 74.8% of the variations to
other factors such as soil nutrients. This emphasizes the
fact that rainfall affects cocoa yield more than any other
environmental factor [23] [45], as cocoa is highly sensitive
to drought and the pattern of its cultivation is related to
rainfall distribution [31].

From Table 1, the annual temperature averages for the
Dormaa area ranges from 26.1°C to 27.0°C. From Table
2, Temperature has a positive effect on cocoa output in
the area, as the coeflicient of temperature is positive but
statistically insignificant at 5% probability level. The
regression coefficient of determination indicates that tem-
perature variability contributes 10% to variations in cocoa
outputs for the district, leaving 90% of the variations to
other factors. The effect of temperature on cocoa out-
puts in the district could be attributed to increases in
minimum temperatures, which has exceeded the average
minimum temperature threshold (18 to 210C) (Fig. 5)
required for effective growth of cocoa [11]. The increase
in minimum temperatures is a contributing factor to the
increases in average yearly temperatures for the Dormaa
West District.

In general, from the multiple linear regression of tem-
perature and rainfall effect on cocoa outputs, shows a
positive effect of variability in climate (temperature and
rainfall) on cocoa production for the district, and statis-
tically significant at 5% significance level. The regression
coefficient of determination shows that climate variabil-
ity accounts for 25.3% variation in cocoa outputs in the
Dormaa West District, leaving 74.7% of the variations to
other factors such as soil nutrients, fertilizer application,
pest and disease control, and other climatic variables.
This means that the two climatic variables (rainfall and
temperature) influence cocoa outputs from the area [32]
[21]. The results confirm the influence of climatic vari-
ables on cocoa production as a similar study that used
multiple regression analysis and was found that 60% of
variations in outputs of cocoa beans could be explained
by variations in climatic variables such as annual rainfall
and total sunshine duration for Tafo cocoa district [11].
From the multiple linear regression where there is an in-
teraction between rainfall and temperature, the effect of
temperature further decreases (Table 2) as the increasing
rainfall amount makes up for soil moisture losses due to
evaporation.
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Table 2. Results of a multiple linear regression analysis between cocoa production, rainfall, and temperature

R without interaction

T R with interaction

Estimation coefficients

Variable

-2.355

2.528
1.592

-8601.43
89.272

Constant

0.403*
0.159

0.502%*
0.316

Rainfall (mm)

5382.615

Temperature (0C)

0.503, R2 = 0.253, Adjusted R2 = 0.181

R =

ko ok

Correlation is significant at 0.01 and 0.05 (1-tailed) levels respectively

Y
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5. Conclusion and Recommendations

In conclusion, the variability in temperature and rainfall
challenge in the Dormaa West District shows an increasing
temperature and rainfall patterns for the period 1991 to
2015. The increase in rainfall patterns when observed
across the months of the year is significantly noticed
from October to December, while the increase in monthly
temperature is generally observed throughout the year
for both minimum and maximum temperatures.

The variability in rainfall patterns is highly significant
(28.1%) while variability in temperature is insignificant
(0.9%) within the period under study. Cocoa output has
seen some fluctuations from 1991 until 2012 where it
began falling with no indications of an increase in the
coming years, and this pattern in output somehow relate
to the rainfall patterns in the district.

The significant variation in the rainfall pattern for the
Dormaa East District have some effects on the overall
cocoa outputs in the district as it accounts for 25.2% of the
total variations in cocoa output Ceteris peribus. On the
other hand, the insignificant variability in temperature of
the area contributes to 10% of the total variations in the
overall cocoa outputs Ceteris peribus. If trends in rainfall
and temperature are to remain the same the effects of
temperature on cocoa production could be limited by the
increasing rainfall amount and rainfall months by making
up for soil moisture losses. Therefore, climate variability
has a significant effect on cocoa yields from the Dormaa
East District of the Brong-Ahafo Region.

Based on the above findings, the study makes these
recommendations: The Forestry Commission in collabora-
tion with COCOBOD should organize programs that seek
to discourage forest depletion in and around the district
to help boost the local average rainfall amounts to make
up for soil moisture losses due to evaporation. Secondly,
a wider geographical spatial spread with other climatic
variables (sunshine and humidity) should be analysed
and modelled. This will help identify areas where cocoa
productions will be highly favourable and areas where
farmers must adopt some specific and efficient adapta-
tion measures due to harsh weather conditions. This will
make the COCOBOD identify the areas they can channel
more resources to ensure sustained cocoa outputs for the
country.
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