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Abstract - The survival and the well-being of agriculture and 
the environment largely depends on the impact of rainfall 
patterns and climate change. The study of rainfall pattern is 
critical as it has great influx in the resolution of several 
environmental phenomenon of water resource managements, 
with diverse implications on agriculture, sustainability and 
development. Data analysis and forecasting are key 
components resolved to understudy these phenomena with 
several development interventions to mitigate the negative 
impact on the society and economy. The main objective of this 
study is to predict the rainfall variability of Ghana from 2017 - 
2024. The Grey Prediction Model GM (1,1) and the Grey 
Verhulst Model (GVM) are used to forecast the rainfall 
patterns for these years. The analysis of the prediction results 
is illustrated for future implications and development 
interventions.  
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1. Introduction 

Rain water over the past years has served as an essential 
part of our lives, varying form global development to an 
individual daily use [1]. The use of rain water is seen 
variably in the areas of agricultural production, power 
generation, industrial water supply, sanitation and disease 
prevention [2]. In Ghana, the agricultural sector offers a 
great source of employment for the 300,000-350,000 
workers employed each year by the government. Agriculture 
employs a greater number of unskilled workers and more 
extensively serves as source of income for more than 70 
percent of the rural population, as well as a greater part of 
the country’s poorest households [3]. However, this sector 
largely depends solely on rainfall to survive. There have 
been recent studies on the effects of rainfall on agricultural 
production [4], migration [5], poverty [6], health and 
education [7], food security [8] among others. It is realised 
that rainfall pattern has a great influence on various sectors 
of a nation’s economy and livelihood.  

However, extreme rainfall conditions such as floods and 
droughts have overwhelming direct and indirect effects [9]. 
Direct effects on agriculture and infrastructure is primarily 
unavoidable.  Indirect effects such as the reluctance to invest 

in a risk-prone area has serious economic implications. 
Droughts and floods can subsequently damage economic 
growth. Recent studies reveal that a 1 percent influx in 
affected areas has the tendency to slow down a country’s 
Gross Domestic Product by 2.7 percent per year [10]. Many 
rural households sort to the use of informal approaches for 
managing weather related risks [11]. Nevertheless, 
depending on informal assurance to manage weather 
variations from others in the same city or region may not be 
effective and unreliable since rainfall patters and variability 
can be difficult to predict [12]. 

The study therefore seeks to analyse the rainfall variability 
of Ghana and predict the annual variability for the successful 
years using the GM(1,1) and the Grey Verhaulst Model 
(GVM) to support decision-making, planning and designing 
in the respective fields of agriculture and hydrology. 

 

1.1 Significance of the research 
The research paper has the following objectives: 

 to analyse the rainfall variability of Ghana from 
2009 – 2016 and to establish a set of standard 
models for forecasting the prediction of the rainfall 
variability from 2017 – 2024 using the GM(1,1) 
Model and the Grey Verhaulst model.  

 using the forecasting models for prediction will not 
only help in identifying the rainfall variability for 
the following years but help improve decision 
making towards development and planning in the 
water and agricultural sectors. This will help add to 
existing knowledge on rainfall variability in Ghana. 

 

2. Literature Review 

2.1 The Evolution of Grey System Theory 

The need to move from general reasoning to the whole new 
concept of deductive analysis has led to the evolution of 
system sciences in modern sciences. This has consequently 
led to the expansion and growth of scientific systems and 
methodologies, enabling a deeper understanding between 
objects and events, enriching the overall progress of science 
and technology. Many issues identified in the prehistoric 
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times have been adequately solved and new systems 
developed in modern sciences, leading to a clearer 
apprehension of the laws governing object evolutions. 
System theories, information theories and cybernetics came 
to play in the 1940s, among others such as synergics, 
dissipative structures, bifurcations and catastrophe 
appearing in 1960 to 1970. In the 20th century there is 
seemingly an increase in the discovery and application of 
system sciences. For instance; the introduction of Fuzzy 
Mathematics by L. A. Zadeh in 1960, Grey system Analysis by 
Julong Deng in 1970, among others. All these and many 
system theories have contributed to the knowledge 
application of system sciences [20].  

 

2.2 Uncertain Systems  

The primary physiognomies of uncertain systems are their 
scantiness and incompleteness in their evidence. Uncertain 
systems commonly exist due to the subtleties of many 
system evolutions, biological limitations of the human 
sensing organs, and the constraints of relevant economic 
conditions and the disposal or availability of technology.  
There are mainly three system theories known to be the 
most research methods widely used for the investigation of 
uncertain systems, but they are seemingly different with 
respect to their characteristics.   

  

2.2.1 Fuzzy Mathematics  

The theory of Fuzzy Mathematics highlights on the study of 
problems with perceptive uncertainty, where the research 
objects possess the characteristic of clear intension and 
unclear extension. Take for instance; “a young man”. This 
poses a fuzzy concept because a very person can identify the 
characteristics of a young man. However, a man young, does 
not portray a clear intension because it is not easy to 
determine the range at which one can classify which is young 
or not. This kind of phenomenon of cognitive uncertainty 
with clear intension and unclear extension is handled in 
fuzzy mathematics by experience and the so-called 
membership function [20].  

2.2.2 Probability and Statistics   

Probability and Statistics also analyses the issues of 
uncertainty with importance on revealing the historical 
statistical laws. They however probe for the occurrence of 
possible outcome of the stochastic uncertainties. This theory 
deals with the available starting points of large samples, 
which are essential in satisfying a certain typical form of 
distribution.   

  
 
 

2.2.3 Grey System  

Grey systems theory captures uncertainty problems of small 
samples and poor information that are challenging for 
probability and fuzzy mathematics to handle. One of its 
characteristics is to construct models with small amounts of 
data. The difference between fuzzy mathematics and grey 
systems theory is that, fuzzy mathematics emphasizes on the 
examination of such objects with unknown boundaries. For 
example, by the year of 2050, China will control its total 
population within the range of 1.5 to 1.6 billion people. This 
range from 1.5 billion to 1.6 billion is a grey concept. Its 
extension is definite and clear. However, if one inquires 
further regarding exactly which specific number within the 
said range it will be, then it will be unable to obtain any 
meaningful and definite answer. 

 

2.3 The application range of grey system 
theory 

Grey system theory has been widely used, not only 
successfully applied in engineering control, economic 
management, social systems, ecosystems, etc., but also in 
complex and varied agricultural systems, such as in water 
conservancy, meteorology, biological control, agricultural 
machinery. Decision-making, agricultural planning, and 
agricultural economics have also made gratifying 
achievements. Grey system theory has shown a wide range 
of application prospects in the fields of management, 
decision-making, strategy, forecasting, futurology, and life 
sciences. 

Grey system seeks the law of its development and change by 
collecting and sorting the original data. This is because the 
phenomena manifested by the objective system are 
complicated, but their development has its own objective 
logic and is the system. Coordination and unification of the 
overall functions, therefore, how to find the inherent 
development law through the scattered data series is 
particularly important. The grey system theory holds that all 
grey sequences can exhibit their original laws by weakening 
their randomness by some kind of generation, that is, 
establishing a system reaction model through grey data 
sequences, and predicting the possible change state of the 
system through the model. 

 

2.4 The GM (1,1) Model of Grey System 
Analysis and the Verhaulst Model 

2.4.1 The GM(1,1) Model 

Model GM(1,1) is the elementary model of the grey 
prediction theory and it is used widely since it appeared at 
the early 1980s [21]. In terms of grey system theory, it is a 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 08 | Aug 2019                  www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 1364 
 

new methodology that considers problems relating to small 
data and poor information. It is specific with uncertain 
systems that have partially known information.  This is done 
through creating, mining, and extracting useful information 
from an available information. It then provides accurate 
description of the system’s conduct and the evolution law, 
and thus make quantitative forecasts for future adjustments 
[22]. Partial and inaccurate data is the rudimentary nature of 
uncertainty system. In the literature [23], the author gave an 
extensive discussion of the characteristics of uncertainty 
system and the role of the uncertainty model in the research 
of uncertainty systems [24]. It evidently revealed that 
pursuing the thorough model in the case of inadequate 
information and inaccurate data was impossible. In fact, Lao 
Zi had this very brilliant exposition two thousand years ago: 
invisible, inaudible, no touch, the three cannot be explained 
clearly.  

The founder of fuzzy mathematics Professor Zadeh’s (L.A. 
Zadeh) incompatibility theory also vividly specified that 
when the density of a system is growing, the ability to make 
an accurate and significant account of a system’s 
characteristics declines, until it attains a threshold value 
that, if it exceeds the value, the precision and significance 
would become two mutually exclusive characteristics [25]. 
Incompatibility principle proves that pursuing fine, one-
sidedly will result in low feasibility and significance of 
recognition results. Refined model is an ineffective means to 
deal with complex matters. A large number of practical 
systems which people faced have the characteristics of 
incomplete information, of which many famous scholars 
have clear conclusions [26]. It is prevalent in the real-world 
uncertainty systems that involves small data and inaccurate 
information and it offers rich resources for further studies in 
the grey system theory. 

In the last thirty years, the research of Model GM(1,1) has 
been very active due to the practical needs, and new 
research results are continuously emerging. There have been 
many studies with the objective of focusing on how to 
further heighten the model and to expand the simulated and 
predictive results. Buffer operator [27] surfaced in 1991 and 
it had attracted much attention in recent years [28]. It is 
essentially a system for processing raw data, rather than a 
method to advance the degree of accuracy of prediction and 
simulation model. During the period that the researchers are 
collecting the raw data, the system is subject to interference 
from external shocks, and data may be distorted and difficult 
to reflect the operation of the system behaviour. In this 
instance, people have the option to choose or construct a 
suitable buffer operator conferring to the qualitative analysis 
of the results to disregard the influence of the distorted data 
sequence and retain the true nature of the data [29].  

 

 

2.4.2 The Grey Verhulst Model 

The Verhulst Model was introduced by a German Biologist, 
Pierre Franos Verhulst. The model was to define the 
increasing process like the “S” curve which has a saturation 
region or sigmoid process [30]. The Grey Verhulst Model is a 
time series prediction model which is established by using a 
first order differential equation [31].  This model is often 
used to predict human populations, biological growth, 
reproduction, and economic life span of consumable 
products, among others [21].  

 

3. Methodology 
3. 1 The GM(1,1) Model 
The basic and commonly used model of Grey model is 
GM(1,1), which is known as the first-order differential model 
with only one input variable. This model is used to 
implement the short-term forecasting operation which has 
no strict hypothesis for distribution of original data series.  

 
3.3.1 Model definition 

Given the sequence of data  , we simulate the sequence 

by using the GM(1,1) model.  
Let            (3.1) 

where   

 

Taking  we compute the Accumulation Generation of 

: that is 

          (3.2) 

where    
 

Then               (3.3)                    
 

is referred to as the original form of model GM(1,1), and 
actually it is a different equation.  

By using the adjacent neighbours of  , we obtain the 

neighbour means sequence; 

         (3.4) 

 

Let  and  be the same above.  

                    (3.5) 

By using the least square estimate, we obtain the sequence 
of parameters  as follows; 

 
We establish the model 

     (3.6) 

which becomes the whitenization equation and the time 
response formula is given as:  
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  (3.7) 

 
The simulated values are defined by; 

   (3.8) 

 
By using the formula; 

   (3.9) 

 
 

3.2 The Grey Verhulst Model 
For an initial time sequence, of raw data ,  the 

sequence of accumulation generation of and  the 

adjacent neighbour  mean of generation The GM(1,1) 

power model becomes; 

    (3.10) 

  

              (3.11) 

 
The equation (3.10) can be obtained by using the least 
square method, of the parametric sequence . The 

equation then becomes; 

 
 
The solution for the Verhulst whitenization equation is; 

         (3.12) 

and the time response sequence for the model is 

                 (3.13) 

 
 

3.3 Error Checking 
The study involves certain error checks that were used to 
measure the performance rate and to demonstrate the level 
of accuracy of the two proposed forecasting models. The four 
accuracy evaluation standards for the study includes; the 
Relative Percentage Error (RPE), the Root Mean Squared 
Error (RMSE), the Mean average Percentage Error (MAPE) 
and the Precision Rate (PR).  
 

3.3.1 The Relative Percentage Error (RPE) 
The RPE depicts the variance or difference between the 
actual values and the simulated values. The purpose of this 
method is to measure the amount of error as a percentage of 
the actual values. The RPE formula is represented as follows 
[32]: 
 

   (3.14) 

 
 

3.3.2 The Root Mean Squared Error (RMSE) 
The RMSE is a method for estimating the forecasting 
accuracy that deals with the sample standard deviation (SD) 
of the difference between the actual values and the predicted 
values.  

   (3.15) 

 

3.3.3 The Mean Average Percentage Error 
(MAPE) 

MAPE is an accuracy formula widely applied in forecasting. 
It’s also referred to as the Average Relative Percentage Error 
(ARPE) which denotes the average relative size between the 
original data values and the predicted values. Relatively, it is 
the mean of the RPE [21]. 
 

  (3.16) 

The forecasting model is interpreted to be highly accurate 
when the MAPE value is less than 5. It is considered to be a 
good precision model when the MAPE is between 5 and 10. 
When the MAPE is more than 20, the model is said to be 
inaccurate [33]. 

 
 

MAPE (%) Forecasting ability 

< 5 Highly accurate predictability 

5 – 10 Very Good predictability 

10 – 20 Reasonable predictability 

> 20 Weak and inaccurate 

predictability 

Table 1: Evaluation for Model Precision 
 

The Precision Rate (P) is used to determine the level of 
closeness of the statement of the forecasted values and the 
actual values. The value of (P) is however defined as; 
 

    (3.17) 

 
The developing coefficient a of the grey model is also 
considered as a measure to determine the forecasting 
capacity of a particular grey model. The value interpretation 
is illustrated in Table 2 [21]. 
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Range of 

Development 

Coefficient 

(a) 

Interpretation Forecasting 

Capacity of 

Model 

 Simulation 

accuracy above 

98% 

For medium 

and long-term 

forecasting 

 Simulation 

accuracy above 

90% 

For short-term 

forecasting 

 Simulation 

accuracy above 

80% 

Carefully used 

for short-term 

forecasting 

 Simulation 

accuracy lower 

than 70% 

Not suitable for 

forecasting 

 Simulation 

accuracy lower 

than 50% 

Not suitable for 

forecasting 

Table 2: Forecasting Capacity of Model 
 

4. Forecasting the Rainfall Variability in 
Ghana 

4.1 Selection of Sample Area 
The sample area for the study is the rainfall variability of 
Ghana which is located in the West Coast of Africa and shares 
boundaries with Togo, Burkina Faso and La Cote d’Ivoire. 
The study area has a total land area of 238,535km2 and lies 
geographically between longitude 1.20°E and 3.25°W and 
latitude 4.50°N and 11.18°N [34]. Ghana has 10 
administrative regions with a total population of 30.42 
million with a population density of 121 people per square 
kilometre [35]. The country’s climatic condition is defined as 
tropical with two seasons; namely the cold or wet season 
and the hot or dry season. Due to the African Monsoon 
winds, Ghana experiences rainy seasons during summer. 
Rainy seasons however, lasts from May to September in the 
North, April to October in the centre of the country and from 
April to November in the South. The rainy season is 
nevertheless shorter along the coastal areas and usually lasts 
from the months of April to June, and some few rains from 
September and October [36].  
 
Studies have proved that Ghana’s annual rainfall is high on 
inter‐annual and inter‐decadal timescales [37]. This explains 
why trying to identify long term trends have difficulties. 
Rainfall in Ghana have recorded high values since 1960. 
However, in the late 1970s and early 1980s, the level of 

rainfall reduced and showed a general decreasing trend from 
that period to 2008, with an average decreasing value of 2.3 
mm monthly (2.4%) per decade. Multiple rainfall studies 
undertaken in Ghana only focused on designated stations or 
zones. For example, [38] focussed on Accra and Tamale, [39] 
concerted on Tamale, [40] concentrated on Wenchi, and [41] 
on northern Ghana. Nevertheless, few studies have taken 
Ghana as a whole. [42] researched on the trends in rainfall 
patterns in Ghana from 1960 to 2005, while [40] focused on 
the spatial pattern of rainfall in Ghana using RCMs modules. 
The current study however is aimed at predicting the rainfall 
variability over the whole of Ghana based on the following 
conditions; 

 due to the uneven rainfall pattern of each year, the 
study considered a number of years in order to 
make good predictions, 

 the rainfall data is that of the whole country 
(Ghana) but in different years, and 

 these years are continuous, not intermittent, and 
there is no contingency, so the distribution of 
samples is reasonable. 

 

4.2 Grey Model Establishment Steps 
The rainfall data used for the study is the rainfall data of 
Ghana which covers the period from 2009 to 2016 and this is 
the period where data was available. The data was 
ascertained from the Ghana Meteorological Agency (GMet). 
In this section the GM(1,1) and the Grey Verhulst Model are 
used for comparison. The rainfall data is used to prove the 
effectiveness and feasibilities of these models.  

 
Year Rainfall (cm) 

2009 122.6225 

2010 127.3818 

2011 113.0068 

2012 120.4821 

2013 107.0336 

2014 118.7628 

2015 99.04295 

2016 117.8269 

Table 3: Rainfall Data of Ghana from 2009 to 2016 
Source: Ghana Meteorological Agency (GMet), 2016 

 

4.2.1 The GM(1,1) Model 
Given the sequence of our rainfall data , we simulate 

the sequence by using the GM(1,1) model 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 08 | Aug 2019                  www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 1367 
 

, where  is our sequence of the raw 

data. 

 

 
This implies: 
 

 
   

 

Taking  we compute the accumulation generation of 

: 

         For = 

 

 
 

Now we check the quasi-smoothness of  from 

 

It implies that 

 
For , the condition of quasi-smoothness is satisfied. 

 
We determine whether or not it complies with the law of 
quasi-exponentiality. 

From   it follows that , 

1.33, , , 1.14, 

 

 
So, for ,  with . Thus, the law 

of quasi-exponentiality is satisfied, therefore we can 

establish a GM(1,1) model for . 

 

By using the adjacent neighbours of  , we obtain the 

`neighbour means sequence; 

 

 
 

 

 

 =  

By using the least square estimate, we obtain the sequence of 
parameters  as follows 

 
We establish the model 

 
and its time response formula:  

 

 
 
Computing the simulated values 

 
 

 

 
 

Compute the simulated values of by using  

 

 
 

 
Ordi

nalit

y 

Actual 

Data 

 

Simulate

d data 

 

Error = 

 

Relative 

error 

 

2 127.3818 121.2861 6.0957 4.79% 

3 113.0068 119.0510 -6.0442 5.35% 

4 120.4821 116.8571 3.6250 3.01% 

5 107.0336 114.7036 -7.6700 7.17% 

6 118.7628 112.5899 6.1729 5.20% 

7 99.0429 110.5151 -11.4722 11.58% 

8 117.8269 108.4785 9.3484 7.93% 
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Table 4: Error Checks of the GM(1,1) Model 
 

Mean relative percentage error (MRPE): 

 
 

4.2.2 The Grey Verhulst Model 
For an initial time sequence, of our rainfall data ,  the 

sequence of accumulation generation of and  the 

adjacent neighbour mean of generation The GM(1,1) 

power model becomes 

  and, 

 

becomes the whitenization equation of the GM(1,1) power 
model. 
 

=  

 
By using the least square estimate, we obtain the sequence 
of parameters  as follows 

 
Therefore, the whitenization equation is  

 
 

By taking  we obtain the time 

response sequence 

 

 
 
Computing the simulated values 

 

 

 
 

Compute the simulated values of by using  

 

 

 
Ord 

inali

ty 

Actual 

Data 

 

Simulat

ed data 

 

Error = 

 

Relative error 

 

2 127.38

18 

74.1114 53.2704 41.82% 

3 113.00

68 

97.8648 15.142 13.40% 

4 120.48

21 

91.9682 28.5139 23.67% 

5 107.03

36 

130.895

5 

-23.8619 22.29% 

6 118.76

28 

129.12 -10.3572 8.72% 

7 99.042

9 

114.353

2 

-15.3103 15.46% 

8 117.82

69 

92.0013 25.8256 21.92% 

Table 5: Error Checks of the GVM 
 
From the table we obtain the mean relative error 
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Time 

Actual 
Data 

 

GM(1,1) Model Grey Verhulst Model 
(GVM) 

Simulated 
Value 

 

Relative 
Error 

(%) 

Simulated 
Value 

 

Relative 
Error 

(%) 

2010 127.382 121.2861 4.79 74.1114 41.82 

2011 113.007 119.0510 5.35 97.8648 13.40 

2012 120.482 116.8571 3.01 91.9682 23.67 

2013 107.034 114.7036 7.17 130.8955 22.29 

2014 118.763 112.5899 5.20 129.12 8.72 

2015 99.043 110.5151 11.58 114.3532 15.46 

2016 117.827 108.4785 7.93 92.0013 21.92 

Table 6: The Simulated Values and Error Values of the 

two Models GM(1,1) and GVM 
 
Figure 1: Actual Rainfall Data vs Simulated Values 
 

 
Index GM(1,1) GVM 

RMSE 7.59 27.92 

MAPE (%) 6.43 21.04 

Precision rate 

(%) 

93.57 78.96 

Forecasting 

ability 

Very good 

predictability 

Weak and 

Inaccurate 

predictability 

Table 7: Evaluation Indexes of Module Accuracy 

Year GM(1,1) (cm)  GM(1,1) (mm) 

2017 106.4794 1064.794 

2018 104.5172 1045.172 

2019 102.5912 1025.912 

2020 100.7006 1007.006 

2021 98.8449 988.449 

2022 97.0234 970.234 

2023 95.2354 952.354 

2024 93.4805 934.805 

Table 8: Predicted Rainfall Values from 2017-2024 
 
From Table it is realised that the RMSE value of the GM(1,1) 
and the Grey Verhulst  (GVM) are 7.59 and 27.92. Comparing 
the two models the GM(1,1) value is smaller. The MAPE 
values of the GM(1,1) and GVM are 6.34% and 21.04% 
respectively. The MAPE values reveals that the value of the 
GVM is the largest. The purpose of the MAPE is to measure 
the accuracy of the model used for the prediction. The 
GM(1,1) value has the smallest MAPE value and therefore 
has a high accurate prediction than the GVM model. The 
precision rate of the GM(1,1) is 93.57%. and that of the GVM 
records 78.96%. This reveals that the GM(1,1) has high 
accuracy than the GVM. Table 1 also reveals that the GM(1,1) 
model has a very good predictability because it has its MAPE 
between the values of 5 and 10. The GVM rather has a weak 
and inaccurate predictability because it has its MAPE to be 
greater than 20. 
 
The developing coefficient (a) of grey models is used to 
assess the forecasting capacity of the proposed models. The 
coefficients (a) of the two models have been calculated and 
presented in Table 7. The development coefficients of both 
models are 0.0186 and 0.4745 for the GM(1,1) and GVM 
respectively. Referring to the table, the GM(1,1) is used for 
medium and long-term forecasting because it has a higher 
simulation accuracy. The GVM however, is suitable for short 
term prediction. The study considers predicting rainfall 
variables from 2017 to 2024 which is measured as a medium 
or long-term period. Based on the results from the two 
models, the accuracy of the GM(1,1) model in forecasting the 
rainfall variability is higher than the Grey Verhulst Model. 
The GM(1,1) is inherently better because of its simplicity and 
also has a high forecasting precision. 
 

5. Conclusion 
From the study, it was revealed that the GM(1,1) predicted 
values were at a decreasing rate (Figure 1). According to 
Nkrumah F. et al (2014), the country’s rainfall pattern has 

0

20

40

60

80

100

120

140

2010 2011 2012 2013 2014 2015 2016

R
ai
n
fa
ll

Years
Actual



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 08 | Aug 2019                  www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 1370 
 

had a decreasing trend from 1980 to 2008. The decreasing 
trend can however, be seen in the rainfall pattern between 
2009 and 2016 and this can also be seen in the forecasting 
values from 2017 to 2024 using the GM(1,1). This however 
reveals that the rainfall variability for the country has a 
decreasing pattern as such there must be development 
policies enacted to mitigate the impact of the decrease in 
rainfall. Rainfall has immense impact on various areas of the 
country’s economy such as agriculture, power generation, 
vegetation, ecosystem among others. Therefore, the 
decreasing trend of rainfall pattern must be given critical 
attention and great economic consideration. 
 
The decrease in rainfall variability is a clear indication of 
global warming stemming from human activities such as 
urbanization, deforestation, overgrazing and people 
performing farming activities nearer to rivers and water 
bodies.  Despite these challenges, there is a decline in the 
rainfall pattern as revealed in the study. The prediction of 
rainfall is paramount because of its immense impact and 
benefits on the economy. In the case of agriculture, it is 
recommended that farmers and investors must be assisted 
by the GMet and agricultural extension officers to adjust to 
the rainfall patterns in order to prevent total crop failures. 
There is the need for intensive agricultural production to 
meet the increasing demand of population in the country. 
Changes in weather conditions such as droughts coupled 
with the decreasing rainfall pattern will result in disaster in 
later years. Therefore, there is the need for social and 
environment interventions to create a sustainable 
agricultural system to protect and increase crop production 
for the increasing population. Farmers must also be 
informed and equipped to adopt to irrigation practices to 
relieve them of the total dependence on rainfall for farming.  
 
Hydroelectric power is considered as the main source of 
electricity in Ghana. Electricity is generated from dams and 
rivers which rely heavily on rainfall. This implies rainfall has 
a great impact on the country’s power production. The 
power sector must on the other hand adopt to other 
conventional power production systems in order to reduce 
the reliance on hydroelectric power for the country. Using 
hydroelectric power should be considered as a situational 
source of power as the country is blessed with much 
sunshine. The installation of solar panels for solar power in 
homes can be adopted and avenues made for solar 
equipment to be subsidized to encourage its patronage. 
Other sources of electricity include; the adoption of wind 
generated power, renewable energy, among others. This 
however can reduce the impact of the decreasing rainfall 
pattern on the energy sector. 
 
It is recommended that studies on rainfall be carried out 
extensively in order to gain adequate information on the 
country’s rainfall pattern and variability. Rainfall data is 
necessary to help inform policy makers on the best 
development decisions that will help the country’s 

agriculture, energy and water resource. This will also 
provide a platform for future investment in the rainfall 
variability of the country and will help innovations and 
developments in the institutions involved in the sector.  
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