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As a developing country in Africa, the effect of climate change is one 
of the sufferings of Ghana. The effect is much felt in rainfall variability 
because of the country over reliance on rainfall for agriculture. While 
various researches have studied the impact of climate change in Ghana, 
few among them have extended to its impact on rainfall pattern across all 
the ecological zones in the country. The trends in the rainfall from seven 
selected meteorological stations across all the ecological zones were 
analyzed using data from the NASA satellite. The Mann-Kendall and Sen’s 
Slope Test were used for the analysis. The study found decreasing trend in 
most of the monthly and yearly rainfall pattern across the ecological zones, 
and suggested cashew agroforestry as a zoning adaptation strategy.
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1. Introduction

Global warming as an outcome of climate change is 
being projected to influence modifications in acidification, 
humidity and precipitation patterns [1]. In view of this, 
the overall effect on global life support systems resulting 
from climate change remains unclear. Extreme rainfalls 
leading to flooding occur in parts of world while the Med-
iterranean and other areas experience decrease in rainfall 
leading to drought conditions [1]. Also [2], anticipated an 
increase in global mean temperatures between the range 

of 1.4 and 5.8 °C by the end of 20th century with a resul-
tant sea level rise as glaciers are melting. Current studies 
however reveal that aspects of climate change are close to 
the upper boundary of IPCC’s estimates as predicted by 
many. For example, an increase in sea level is far ahead of 
IPCC’s projection of 30 cm [3].

The concern of developing countries about the chang-
ing climate especially in Africa is aggregating because of 
their vulnerability to it. Climate change is seen in Africa 
as the number one threat to development and sustainable 
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growth. Consequently, to achieve the Millennium Devel-
opment Goals, African countries must be in the capacity 
to address the negative effects of climate change else 
their effort may be seen as a failure. According to Felix 
and Franklin [4], in the midst of the continents which are 
affected mostly by climate change, the least contributor 
is Africa, however, climate change effects is commonly 
visible in Africa because of its overreliance on rainfall for 
agriculture, coupled by indicators such as weak adaptive 
capacity and widespread poverty. Changes in rainfall pat-
terns are among the long-term impacts of climate change 
that causes reduction in agriculture production as it reduc-
es food security. Reduction in agricultural production as a 
consequent effect of climate change retards the growth of 
African countries as chunk of the nation’s income of most 
countries in Africa emanates from agriculture. Further-
more, most people in Africa rely on the agriculture sector 
as their means of livelihood [5].

Out of 180 countries, Ghana ranks 108 for GHG 
emission per capital [6] which contributes only 0.07% of 
emissions globally [7]. Yet, the country is more vulnerable 
to global climate change. For climate vulnerability, out 
of 181 countries, Ghana is ranked 101. Again, Ghana is 
ranked the 68th country most vulnerable and the 85th least 
ready country to fight the effects of climate change[8].

Also, USAID [9] climate change projections show larg-
er uncertainty regarding change in rainfall as estimation 
for future precipitation change is predicted at a range 
between -3% to +7%. Annual total precipitation for the 
year 2100 is also projected to vary from -15% to +16% 
when compared to current annual rainfall as a commonly 
cited example is a 4% national decrease by 2040. Again, 
in some regions, an initial increase of rainfall predicted by 
Panthou et al. [10] follows a decrease in most regions over 
a long period.

Ghana’s climate change effects are similar to those wit-
nessed all over the globe.  Evidence in Ghana shows that, 
levels and patterns of rainfall are increasingly becoming 
erratic and generally reducing across all the ecological 
zones [11]. The country’s economy will suffer the impacts 
of climate change due to its reliance on sectors like agri-
culture, forestry and energy which are sensitive to climate. 
Based on a climate observation baseline for 20 years, ce-
real crop like maize yields are predicted to decrease by 7% 
in 2050. Available data over the last 30 years also shows 
a 2.1 mm rise in sea-level per year, which also shows that 
by the year 2020, 2050 and 2080 there will be a rise in 
sea-level from 5.8 cm to 16.5 cm and finally 34.5 cm re-
spectively [12].

In Ghana, climate change vulnerability is higher; the 
situation is worsened by low adaptive capacity com-

bined with the interaction of numerous factors [13, 14]. 
Consequently, the major economic sectors in Ghana are 
likewise defenseless against climate change while the 
vulnerability is made worst by prevailing developmental 
challenges like poverty, limited access to capital, failed 
governance, lack of technology, ecosystem degradation 
and in some cases conflict [15]. In Ghana, food security 
and agricultural production is already severely affected 
by change in climate [16]. Many parts of Ghana which 
were once forest lands have been converted by climate 
change into semi-arid conditions that make cultivation of 
crops impossible [17].

The loss of forest lands has undoubtedly caused a rise 
and increase in CO2 because the forest once served as the 
basket of CO2  capture. Reportedly, climate change in parts 
of East Africa has reduced the length of traditional grow-
ing seasons as well as forced some areas completely out 
of production [18]. Projection by IPCC [19] shows a reduc-
tion in the yield of crops in some countries in West Africa 
to as high as 50% by 2020 and as high as 90% by 2100 
fall net revenue of crop. This will undeniably affect food 
security in the continent and possibly result in an entire 
global migration of people. It is already reported in some 
parts of Somalia and Kenya that climate change has inten-
sified water problems and projected to bring about water 
shortage in new areas especially in West Africa [20]. This 
may displace whole communities and consequently put 
pressure on the remaining lands. It is only a matter of time 
that a looming food and water crises will be unveiled.

In trying to fight climate change problems, Ghana’s 
presence at the Earth Summit in Rio de Janeiro in June 
1992 appended its signature on climate change at the 
United Nations Framework Convention (UNFCCC), after 
the Convention came into being on May 9, 1992 [21]. One 
of the main physical impacts of climate change identified 
by World Bank [22] is rainfall. Adjei et al., [23] reported 
that there is a change in the rainfall pattern of Ghana to 
a vanishing wet and longer dry season. The country con-
tinuously experience the negative effect of the changing 
climate in the areas of health problems, agricultural sys-
tems, floods in coastal areas coupled with erosion and 
decreasing level of water in the Akosombo dam (which 
adds 80% of electricity to Ghana’s grid), resulting from 
the consequent reduction in precipitation [24]. The negative 
effects of the changing climate that is worsening the coun-
try’s economy is as a result of the low capacity in carrying 
out adaptive responses to solve environmental problems 
and costs of climate change socio-economically [25,26].

Existing literature show that, traditionally, Ghanaian 
farmers adopt strategies to cope with the variability and 
the changes in the climate in response to the syndrome 
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of climate change [27] but their efforts are not enough. 
For instance, during periods of drought, local farmers in 
northern Ghana adapt to making gardens irrigated from 
small ponds and wells [28]. During seasons of bad harvest, 
people adapt to alternative livelihoods by gathering and 
selling shea nuts, dawadawa, fishing and hunting, or mi-
grate to wetter zones [29].  There has also been an advocate 
for improved land use system by the ministry of agricul-
ture which has partially been adopted by local farmers in 
their farming practices. Climate change is also managed 
through agricultural diversification.  A number of inter-
national NGOs such as the German Society for Technical 
Cooperation (GTZ), Netherlands Climate Assistance 
Programme (NCAP), and others have been committed 
to combat climate change in Ghana. Though their efforts 
have created much awareness about climate change, their 
interventions have not brought much change. Because of 
the overreliance of the Ghana’s economy on agriculture 
which is highly not resistant to change in climate and 
climate variability, it is essential to adapt to a reliable 
and effective method of combating climate change in the 
country. Despite the changing climatic conditions, which 
have come with extreme poverty, malnutrition and death, 
Ghana and other African countries do not currently have 
an abrupt response to the problem [27].  The search hence is 
still on for better and more efficient adaptation strategies 
that will particularly increase African food production.

Specifically, this paper provides an insight into climate 
change in Ghana and suggests a robust adaptation frame-
work which couples cashew farming and lifestyle change 
strategies, to holistically confront climate change. The pa-
per further outlines various climate scenarios with respect 
to changing regional precipitation patterns in Ghana, and 
simulates a modeled response through agroforestry ap-
proaches mainly by cashew growing.

2. Materials and Methods

2.1 Study Area

Ghana, with an estimated population of 31 million [30] 
lies between latitude 4°44’ S and 11°15’ N and longitudes 
1°12’ E and 3°15’ W. The country is bordered to the West 
by Cote d’Ivoire, to the East by the Republic of Togo, the 
South by the Gulf of Guinea and the North by Burkina 
Faso. The total land mark of Ghana is 238,533 km2 with 
an Exclusive Economic Zone (EEZ) of 110,000 km2 of 
the sea, forming the territorial area of Ghana. The coun-
try is influence by the tropical humid climatic conditions 
and it experiences two major seasons; the rainy and the 
dry season. The dry season causes harmattan, a wind that 
blows along the northwest coast of Africa which is dusty 

and dry. The annual mean minimum rainfall is 900mm 
which occurrs around the South-eastern corner of Ghana 
(Accra-Aflao) while the annual mean maximum rain-
fall is about 2000mm and occurs in the South-western 
part (Axim). Mean maximum temperature ranges from 
30°C-35°C and mean minimum temperature is from 
21°C-23°C. The mean annual evapo-transpiration rate of 
190mm is the highest and occurs in the North while 80mm 
is the lowest and occurs in the southern part of country [31]. 
Geographically, Ghana has five ecological zones. They are 
the Savannah (Sudan, Guinea and Coastal), Forest-Savan-
nah Transitional Zone, The Semi-Deciduous Forest Zone, 
Moist Evergreen and the Wet Evergreen (Rain Forest 
Zone) as shown in Figure 1.

Figure. 1 Map of Meteorological stations across the eco-
logical zones

2.2 Data Collection and Analysis

Table 1. Selected meteorological stations and their coor-
dinates

Stations Elevation (m) Latitude (N) Longitude (E)

Wa

Navrongo

Tamale

Wenchi

Keta-Krachi

Ho

Kumasi

3230

2030

1730

3400

1220

1580

2930

10.022

10.941

9.427

7.737

7.798

6.609

6.697

-2.519

-1.091

-0.849

-2.106

-0.051

0.459

-1.629

Monthly rainfall data of seven meteorological stations 
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in Ghana for the period of 37 years (1981-2018) selected 
from the five ecological zones of the country was collect-
ed from the NASA satellite website. Statistical analysis of 
rainfall, identification of trends using Mann-Kendal test, 
estimation of magnitude using Sen’s slope estimator and 
trend results were compared with regression analysis.

2.3 Rainfall Analysis

Analysis of rainfall was done as monthly and annual 
for all the ecological zones. The rainfall data was com-
puted using The Mann-Kendall Test and Sen’s Slope 
Estimates (MAKESENS Excel Template application) for 
investigating the spatiotemporal trends in rainfall pattern 
for the areas under study.

2.3.1 Steps for Trend Analysis

The analysis of the trend was carried out in three steps. 
The detection of the presence of decreasing or increasing 
trend is the first step and was done using the nonpara-
metric Mann-Kendall test. The next step is estimating the 
slope or magnitude of a linear trend using the nonpara-
metric Sen’s Slope estimator and the last step is the devel-
opment of regression models.

2.3.2 Calculation of the Mann-Kendal Test    

This study adopted a non-parametric statistical tech-
nique (Mann-Kendall trend analysis) to detect monotonic 
trends in a time series. The Mann-Kendall test [32] is gen-
erally distribution-free, and does not assume any special 
form for the distribution function of the data [33]. The tech-
nique is robust and has low sensitivity to abrupt breaks 
due to inhomogeneous time series [34, 35], and has been 
used in recent studies for trend detection [36-41]. Excel tem-
plate, MAKESENS application [32] was used to detect and 
estimate trends in the time series of the annual values. The 
following formula was used in calculating the Mann-Ken-
dall test statistic S:

                                  (1)

Where xj and xt are the annual values in years j and i, 
j>i respectively, and N is the number of data points. The 
value of sgn(xj-xt) is computed as follows:

                            (2)

This statistics represents the number of positive differ-
ences minus the number of negative differences for all the 
differences considered. For large samples (N>10), the test 

is conducted using a normal approximation (Z statistics) 
with the mean and the variance as follows:
E[S]=0                                                                             (3)

2.3.3 Analysis of Rainfall Trend Using Mann-Ken-
dall Test and the Sen’s Slope Estimator in Ghana

 (4)

Here q is the number of tied (zero difference between 
compared values) groups, and tp is the number of data val-
ues in the pth group. The values of S and Var(S) are used 
to compute the test statistic Z as follows:

                                                 (5)

The presence of a statistically significant trend is eval-
uated using the Z value. A positive value of Z indicates an 
upward trend and its negative value a downward trend. 
The statistic Z has a normal distribution. To test for either 
an upward or downward monotone trend (a two-tailed 
test) at α level of significance, H0 is rejected if the abso-
lute value of Z is greater than Z1-α/2, where Z1-α/2  is obtained 
from the standard normal cumulative distribution tables. 
The Z values were tested at 0.05 level of significance.

2.3.4 Sen’s Slope Estimator

To estimate the true slope of an existing trend (as 
change per year) the Sen’s nonparametric method is used. 
The Sen’s method can be used in cases where the trend 
can be assumed to be linear.
f(t)=Qt+B                                                                        (6)

Where Q is the slope, B is a constant and t is time. To 
get the slope estimate Q, the slopes of all data value pairs 
is first calculated using the equation:

                                                                    (7)

Where xj and xk are data values at time j and k (j>k) 
respectively. If there are n values, xj in the time series will 
be as many as many as N = n(n-1)/2 slope estimates Qi. 
The Sen’s estimator of slope is the median of these N val-
ues of Qi. The N values of Qi are ranked from the smallest 
to the largest and the Sen’s estimator is

, if N is odd                                           (8)

Or

, if N is even                (9)
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To obtain an estimate of B in Equation f(t) the n values 
of differences xi-Qti are calculated. The median of these 
values gives an estimate of B.

2.3.5 Simple Linear Regression Analysis

The “simple linear regression” model is in equation 
form of Y=mX+C, where, Y= rainfall, X = time in years, 
m = slope coefficients and c = least square estimates of 
the intercept. The sign of the slope defines the direction 
of trend variable: increasing if the sign is positive and de-
creasing if the sign is negative. We used t test to determine 
the linear trends were significantly different from zero at 
the 5% significant level.

3. Results and Discussions

Table 2. Trend of monthly mean distribution of rainfall in 
Ho station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN 1.53 0.214 -0.187 0.698 -0.084 0.600

FEB 0.53 0.134 -0.662 0.901 -0.372 0.690

MAR -0.40 -0.265 -1.699 1.412 -1.489 0.907

APR -1.23 -0.758 -2.334 0.890 -1.992 0.422

MAY -1.79 + -1.043 -2.822 0.586 -2.397 0.122

JUN -0.96 -1.106 -4.029 1.442 -3.284 0.825

JUL -1.06 -0.854 -3.483 1.430 -2.948 0.693

AUG -2.36 * -1.717 -4.624 0.212 -4.030 -0.279

SEP -1.06 -1.261 -4.699 1.440 -3.834 0.908

OCT -1.58 -1.182 -2.819 1.035 -2.272 0.324

NOV 1.33 0.295 -0.355 0.915 -0.148 0.802

DEC -0.03 -0.011 -0.590 0.420 -0.372 0.286

ANNUAL -2.74 ** -7.919 -15.165 -0.549 -14.066 -2.111

From table 2, we concluded that only the month of 
May and August of Ho Station shows significant trend. 
The rest of the months show no significant trends. There 
is 99% significant trend in the annual value. In accordance 

to the Mann-Kendall Z and Sen’s Q test, all months with 
the exception of January, February and November show a 
decreasing trend. At the lower limit of 99% and 95% con-
fidence levels, all the months and annual values show de-
creasing trend. At the upper limit of 99%, all the months 
show increasing trend with the exception of the annual 
value whereas at 95% confidence level all the months 
show increasing trend with the exception of August and 
the annual value.	

Table 3. Trend of monthly mean distribution of rainfall in 
Keta-Krachi station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN 1.45 0.178 -0.123 0.587 -0.049 0.440

FEB 0.63 0.153 -0.469 0.776 -0.291 0.622

MAR -0.25 -0.191 -1.654 1.238 -1.212 0.950

APR -0.80 -0.416 -1.691 1.264 -1.348 0.774

MAY -1.23 -0.862 -2.652 0.887 -2.203 0.493

JUN -1.86 + -1.522 -3.873 0.680 -3.176 0.067

JUL -1.23 -0.953 -3.405 1.426 -2.830 0.722

AUG -1.76 + -2.233 -4.709 0.792 -4.247 0.101

SEP -1.11 -0.974 -4.084 1.444 -3.130 0.606

OCT 0.75 0.515 -1.479 2.295 -0.873 1.786

NOV 0.25 0.029 -0.666 0.900 -0.537 0.646

DEC -0.67 -0.063 -0.386 0.207 -0.284 0.135

ANNUAL -2.11 * -5.122 -12.372 1.547 -10.079 -0.383

From table 3, we can conclude that most of the months 
of Keta-Krachi Station show insignificant trend except 
June and August which shows significant trend at 5% level 
of significance. There is also a significant trend in the an-
nual value. According to the Mann-Kendall  Z and Sen’s 
Q test, only the months of January, February, October and 
November show increasing trend. At the lower limits, all 
the months and the annual value show decreasing trend at 
99% and 95% confidence level. At the upper limits, all the 
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months show increasing trend at 99% and 95% confidence 
levels with the exception of the annual value at 95% con-
fidence level.

Table 4. Trend of monthly mean distribution of rainfall in 
Kumasi station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN 1.43 0.239 -0.214 0.642 -0.081 0.549

FEB 0.05 0.040 -1.092 1.055 -0.781 0.760

MAR -0.48 -0.266 -1.945 1.673 -1.605 1.092

APR -1.71 + -1.419 -3.552 0.821 -3.012 0.245

MAY -1.84 + -1.881 -4.875 0.641 -3.898 0.126

JUN -1.21 -1.063 -4.974 1.858 -3.916 0.827

JUL -2.06 * -2.070 -4.385 0.457 -3.928 -0.270

AUG -2.59 ** -2.211 -4.658 -0.007 -3.899 -0.707

SEP -1.33 -1.521 -4.931 1.496 -3.929 0.744

OCT 0.03 0.073 -2.874 3.212 -1.932 2.329

NOV 1.26 0.771 -0.782 2.092 -0.440 1.800

DEC -0.18 -0.041 -0.542 0.447 -0.395 0.328

ANNUAL -2.06 * -8.757 -20.897 1.821 -17.724 -0.713

From table 4, we can conclude that most of the months 
of Kumasi Station show insignificant trend with the ex-
ception of April, May, July and August. The annual value 
also shows significant trend. According to the Mann-Ken-
dall Z and Sen’s Q test, eight of the months (March, 
April, May, June, July, August, September and Decem-
ber) show decreasing trend whereas the remaining four 
months (January, February, October and November) show 
an increasing trend. At the lower limits of 99% and 95% 
confidence levels, all the months and the annual value 
show decreasing trend. At the upper limit of 99%, all the 
months and the annual value with the exception of August 
show increasing trend whereas at 95% confidence level, 
all the months with the exception of July and august and 
the annual value show decreasing trend.

Table 5. Trend of monthly mean distribution of rainfall in 
Navrango station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN -0.86 -0.001 -0.005 0.001 -0.003 0.001

FEB 0.73 0.011 -0.032 0.231 -0.010 0.181

MAR -0.98 -0.153 -0.652 0.275 -0.530 0.183

APR 0.13 0.071 -1.141 1.417 -0.833 0.969

MAY -0.03 -0.028 -1.346 1.235 -1.040 1.033

JUN -0.68 -0.378 -1.754 1.038 -1.465 0.697

JUL -0.03 -0.011 -2.240 2.195 -1.667 1.622

AUG 1.01 1.077 -2.177 4.056 -1.147 3.372

SEP 0.20 0.190 -1.821 2.723 -1.454 2.077

OCT 0.38 0.228 -1.358 1.653 -0.921 1.274

NOV -1.07 -0.066 -0.295 0.057 -0.227 0.027

DEC -1.81 + -0.002 -0.013 0.000 -0.010 0.000

ANNUAL

From table 5, we can conclude that all the months 
of Navrango Station show insignificant trend with the 
exception of December that shows a significant trend at 
10% significant level. There is no significant trend in the 
annual value. According to the Mann-Kendall Z and Sen’s 
Q test, all of the months with the exception of February, 
April, August, September and October show decreasing 
trend. At the lower limit, all the months show decreasing 
trend at 99% and 95% confidence levels whereas at the 
upper limit, all the months show increasing trend at 99% 
and 95% confidence levels.

Table 6. Trend of monthly mean distribution of rainfall in 
Tamale station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN 3.06 ** 1.357 0.156 2.429 0.539 2.135

FEB -1.35 -0.039 -0.127 0.051 -0.105 0.023

MAR -1.47 -4.252 -17.181 3.632 -15.035 1.756

APR -1.61 -0.197 -0.701 0.189 -0.612 0.063

MAY -1.56 -0.079 -0.242 0.062 -0.200 0.029

JUN -1.31 -0.003 -0.023 0.010 -0.017 0.005

JUL -1.33 -1.107 -3.964 1.631 -3.095 0.755

AUG -0.58 -0.203 -1.240 0.593 -0.880 0.385

SEP -0.26 -0.033 -0.383 0.304 -0.312 0.235

OCT -0.68 -0.306 -1.220 0.701 -0.954 0.461

NOV -0.09 -0.001 -0.045 0.038 -0.033 0.025

DEC

ANNUAL
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From table 6, we can conclude that there is no signifi-
cant trend in the annual value. All the months of Tamale 
Station show no significant trend with the exception of 
January which shows a significant trend at 99% significant 
level. According to the Mann-Kendall Z and Sen’s Q test, 
all the months show decreasing trend with the exception 
of January which shows an increasing trend. At the lower 
limits of 99% and 95% confidence level, All the months 
with the exception of January trend whereas December 
and the annual value show no trend. At the upper limits, 
all the months with the exception of December and the 
annual value show increasing trend at 99% and 95% con-
fidence level.

Table 7. Trend of monthly mean distribution of rainfall in 
Wa station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN -0.92 -0.002 -0.045 0.008 -0.027 0.003

FEB 0.11 0.003 -0.164 0.224 -0.111 0.152

MAR -0.30 -0.079 -0.820 0.625 -0.579 0.416

APR 0.15 0.128 -1.211 1.463 -0.828 1.164

MAY -0.26 -0.194 -1.401 1.186 -1.041 0.752

JUN 0.45 0.204 -1.293 1.848 -0.866 1.537

JUL 0.05 0.078 -1.571 1.678 -1.118 1.367

AUG -0.43 -0.345 -3.198 2.509 -2.471 2.012

SEP 0.23 0.242 -2.148 2.551 -1.562 1.905

OCT 0.96 0.489 -0.842 1.917 -0.459 1.412

NOV -0.21 -0.021 -0.355 0.261 -0.311 0.174

DEC -1.40 -0.004 -0.057 0.010 -0.041 0.003

ANNUAL 0.83 1.890 -4.190 7.726 -2.797 5.992

From table 7, we can conclude that all the months and 
the annual value of Wa Station show no significant trend. 
According to the Mann-Kendall Z and Sen’s Q test, the 
months of February, April, June, July, September and Oc-
tober show increasing trend. The remaining months show 
decreasing trend. At the lower limits, both the 99% and 
95% confidence level of all the months and annual value 
show decreasing trend whereas both the monthly and an-
nual values at the upper limits show increasing trend at 
99% and 95% confidence level.

Table 8. Trend of monthly mean distribution of rainfall in 
Wenchi station from 1981-2018

Time series Test Z Sig. Q Qmin99 Qmax99 Qmin95 Qmax95

JAN 0.78 0.064 -0.166 0.362 -0.095 0.290

FEB 0.20 0.033 -0.701 0.947 -0.463 0.632

MAR -0.73 -0.509 -2.057 1.331 -1.636 0.875

APR -1.58 -1.077 -2.938 0.746 -2.565 0.271

MAY -2.44 * -2.000 -4.107 0.111 -3.536 -0.275

JUN -2.67 ** -2.337 -4.744 -0.129 -4.017 -0.862

JUL -1.51 -1.158 -3.370 0.826 -2.797 0.380

AUG -2.41 * -1.936 -4.571 0.152 -3.868 -0.224

SEP -1.66 + -2.011 -4.602 1.007 -4.125 0.315

OCT 0.78 0.532 -1.623 2.402 -1.064 1.890

NOV 0.96 0.334 -0.664 1.178 -0.379 0.942

DEC -0.85 -0.085 -0.397 0.188 -0.308 0.119

ANNUAL -2.51 * -10.302 -19.382 0.168 -16.602 -2.823

From table 8, we can conclude that four months (May, 
June, August and September) of Wenchi Station show 
significant trend. The remaining months show no signif-
icant trends. The annual value shows significant trend. 
According to the Mann-Kendall Z and Sen’s Q test, all 
the months show decreasing trends with the exception of 
January, February, October and November. At the lower 
limits all the months and the annual value shows decreas-
ing trend at 99% and 95% confidence level. At the upper 
limit at 99% confidence level, there is an increase trend 
in all the months and annual value with the exception of 
June whereas at 95% confidence level, all the months with 
the exception of May, June, August and the annual value 
show increasing trend.

3.1 Zoning Adaptation to Climate Change 
through Agroforestry

Agroforestry is progressively acknowledged as a sys-
tem of land management that can be used as an alternative 
measure for mitigating and adapting changes in climate 
and simultaneously tending considerably to lot of the dif-
ficulties that subsistence farmers confront. Agroforestry 
provides different benefits to the environment and liveli-
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hoods, as it assists in mitigating climatic changes and also 
help farmers in adjusting to harsh and changing weather 
conditions [43].

Climate change increases risk in agriculture through 
dry spells, pests and flood. Farmers can keep living on 
a piece of land depending upon how they adjust well to 
the risks of change in climate. Agroforestry for climate 
adaption at the farm level improves resilience and at the 
landscape level can take numerous forms. For instance, 
agroforestry can decrease air pollution and improve both 
warming and cooling of the climate, creating a resilient 
microclimate for crops and livestock [44]. It also increas-
es water security through improved infiltration to soils 
and groundwater [45], protecting water catchments and 
watersheds. Again, agroforestry practices are suitable for 
landscape restoration due to its potential in improving soil 
properties and water availability to plants. Furthermore, 
trees provide a number of ecosystem services like water 
regulation, climate buffering, soil fertility, erosion and 
flood control, as well as food, fodder, medicine and wood-
all vital for resilience to climate change and reduce vul-
nerability of local people [46,47].

Agroforestry is equally important because it can en-
hance livelihoods in smallholder farming systems through 
diversified income and cash crop systems (e.g. cocoa, cof-
fee, cashew and nuts), increase food security and improve 
access to nutritious food. Trees on farms can also help the 
farmers decrease the economic recovery time after natural 
disasters [48].

Significant amounts of GHGs can be reduced or re-
moved through agroforestry practices which have the 

potency of increasing carbon storage in biomass above-
ground and below-ground and in soil organic carbon [43].

Agroforestry is widely practiced in the world, and its 
visibility is increasing at national levels within interna-
tional institutions. Nevertheless, there are numerous barri-
ers working at different scales that are preventing a broad-
scale implementation of agroforestry practices, such as 
inefficient markets, unclear land-rights, limited access to 
knowledge and finance with lack of intersectoral collabo-
ration [49]. Despite plans to expand agroforestry practices, 
significant gaps exist between countries’ ambitions and 
their capabilities to measure, report and verify agroforest-
ry actions [50]. There is a need to advance strategies, frame-
works and indicators at all levels to measure agroforestry 
diversified systems and climate benefits.

The United Nations Framework Convention on Climate 
Change (UNFCCC) and other international organizations 
and scientific panels are stressing the importance of using 
sustainable land management systems, such as agrofor-
estry, to generate multiple environmental and socio-eco-
nomic benefits [43,51,52]. The implementation of agroforestry 
can help countries reach their goals related to climate 
change adaptation and mitigation, reforestation as well as 
SDG-targets related to food and water security. Analysis 
by CGIAR revealed that, as at June 2018 over a third (59 
of 147) of developing countries had proposed agroforestry 
as a climate change mitigation activity for achieving their 
Nationally Determined Contributions (NDC) under the 
UNFCCC [50]. Therefore, agroforestry can be a resilient 
land management solution with cross-cutting benefits for 
both adaptation and mitigation to climate change. Initially 

Figure 2. Graphical trends of rainfall pattern of all the meteorological stations
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in Africa, cashew was used in afforestation schemes or 
around forest demarcations to serve as fire protection bar-
rier [53]. Now, the “poor man’s crop, rich man’s food” as 
it is been referred is grown for its nuts and recognized as 
one of the most important tropical crop [54].

Cashew was introduced to Africa from Brazil in the 
seventeenth century. As a profitable tree crop, cashew 
grows on very poor sandy soils, is drought-tolerant, and is 
normally intercropped with cultivated food crops such as 
cassava (Manihot esculenta Crantz), thus serving as a buf-
fer against failure of rainfed annual crops in a context of 
climatic uncertainty [55]. With its moderate demand on soil 
characteristics and high tolerance to external conditions, 
cashew has been planted in poor soils for fertility recovery 
in lands depleted by yearly crops and to prevent erosion. 
Also, because it can be intercropped with both perennial 
and annual herbs as well as shrubs and trees, coupled with 
its hardiness and use as cover in fallow periods to regain 
fertility loss by soil makes it ideal to be used in agrofor-
estry [55, 56]. Given the tree’s rusticity, its cultivation in soils 
depleted by fire as well as other crops like groundnuts, 
maize and upland rice is encouraged [54].

According to Ayanlade et al., [58], farmers respond to 
changes in environmental conditions by selecting crops 
suitable for a new conditions. In such a situation, farmers 
divert to alternative adaptive strategy by cultivating other 
crops which have different moisture requirement [59, 60]. 
In the context of Ghana, changes in climate affects rain-
fall pattern leading to the diminishing of growth of some 
crops while in the case of cashew it is rather increasing its 
growth suitability. This is a clear indication that cashew 
as agroforestry crop can serve as an adaptive measure to 
climate change in many parts of the country. 

Again, according to ICCO [61], for optimum growth and 
yield of cocoa, rainfall amount of less than 100mm should 
not be experienced for more than three months in a year. 
In the case of cashew, a yearly rainfall of 1000mm is suf-
ficient for its production. Its well-developed root system 
makes it drought tolerant. Furthermore, in a model pro-
filed for 1.0ha cashew cultivation, it is evident that heavy 
rainfall evenly distributed throughout the year is not fa-
vorable for cashew. It needs a climate conditions with a 
well-defined dry season and rainfall.    

In view of this and in the context of Ghana, the transi-
tional and the Northern zones which are the major food 
producers of the country are those greatly disturbed by the 
impact of the changing climate because of their proximity 
to the Sahara Desert and their over reliance on rainfed 
agriculture. Crops like cocoa and maize once grown in 
these areas are now failing but these same areas proves to 
be suitable for cashew agroforestry based on a study con-

ducted in the country as shown in Figure 3. Lands once 
covered by trees are now bare either with or without grass 
due to bushfire, deforestation, desertification, bad farming 
practices among others. The consequent effects of these 
are rainfall variability, post-harvest losses, loss of soil fer-
tility and extreme weather conditions among others. Ca-
shew potential benefits as highlighted can help immensely 
in dealing with these climate change issues when adapted 
through agroforestry in these areas of Ghana.

Figure 3. Current area suitability of cashew production in 
Ghana and Cote D’ivoire

Source: (CIAT, 2011).

Figure 4. Projected future area suitability for cashew 
production

Source: (CIAT, 2011).

4. Conclusion

Ghana is a seriously sensitive country to climate change 
due to lack of agricultural diversification and reliance on 
the production of crops like cassava, cocoa and maize that 
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are sensitive to climate change. To ascertain the trend in 
the country’s rainfall pattern, we analyzed more than 30 
years rainfall data selected from the five ecological zones 
of Ghana from the cities of Ho, Keta-Krachi, Kumasi, 
Navrongo, Tamale, Wa and Wenchi. This means that de-
pending on the result based on geographical location, we 
can conclude by stipulating the trend of rainfall in these 
cities beyond the whole country. Knowing Ghana as an 
Agric-based country, most of the populace earn their live-
lihood from agricultural events. However, every agricul-
ture activity is highly dependent on rainfall. In this study, 
we try to find out the trends in rainfall of 7 divisional cit-
ies across the climatic zones. The Z value of MK Test rep-
resents both positive and negative trend in the area. Sen’s 
Slope is also indicating increasing and decreasing magni-
tudes of slope in correspondence with the Mann-Kendall 
Test values. Majority of the months of the stations showed 
no significant trends. Some months showed upward trends 
along with some significant values. The effect of the cli-
mate change is clear as it can be seen that there are a lot of 
variability in the rainfall patterns across the country. This 
corresponds to the climate change projection of the coun-
try which shows large uncertainty concerning the change 
in rainfall. But our study of the country shows that adapt-
ing to agroforestry practice through cashew farming will 
be viable in adapting and mitigating climate change as 
larger portion of the country is and will be suitable for the 
growth of cashew in the future although there is variability 
in the rainfall pattern. The prevailing climatic conditions 
and the rainfall pattern in the country suggest that future 
shift to cashew agroforestry is likely. There is therefore 
the need for Ghana to redesign its research and extension 
support systems to include both technical and institutional 
dimensions so as to enhance collective adaptive capacity 
for climate change. This will go a long way to enable the 
country achieve the Sustainable Development Goals 2.4, 
13.2 and 15.3 respectively.
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