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Abstract 
 
This paper aims to present the need for sub-systems in rural Africa for real-time warning delivery. It has been reported in previous stud-
ies, that Sub-Sahara Africa lacks weather radars. This means that there are no real-time early warnings presenting a gap in knowledge 
that this study aims to address. This is done through the following objective; to examine the relationship between variables in the study 
and therefore, establish whether sub-systems are a significant variable in flash flood warning systems for rural Africa. The variables to be 
examined are; the independent variable (existing warning system), the dependent variable (early warnings), the moderator variable (an-
cillary elements) and the mediator variable (sub-systems). This is investigated through a closed-ended questionnaire that is administered 

to a sample of meteorologists whose email addresses are available on the World Meteorological Organization’s expert database.  The 
target sample is determined through the G*Power application. The data is analyzed on SPSS. Variables in the study are found to be cor-
related after conducting a Pearson’s correlation test. Using PROCESS allows for the testing of various models where moderation is con-
firmed. A moderated mediation model is also confirmed. The results confirm that sub-systems are significant enough to be developed for 
rural Africa. 
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1. Introduction 

It is reported that there is a big correlation between the frequency 
of natural disasters and global warming [1]. Natural disasters are 
more periodic and some of the weather events, like flash floods, 
can therefore be predicted with the help of infrastructure. River 
flooding in Africa is the focus of this paper in order to find solu-

tions that foster real time warning delivery. This would then lead 
to resilience of rural communities in Africa. Resilience is defined 
as the ability of a community exposed to natural disaster to resist 
and recover from the disaster in an efficient manner. It is therefore 
important for communities involved to be well informed of such 
disasters and prepared to respond effectively [2]. 
In the least developed countries, such disasters have a variety of 
negative effects including socio-economic development. A rapid 

population growth in these countries also leads to an increased 
number of vulnerable people. The Hyogo Framework for Action 
2005- 2015 emphasized the need for Early Warning Systems [3]. 
This was reiterated in the 2030 Agenda for Sustainable Develop-
ment Goals.  
Africa is said to be vulnerable to flash floods because of the lack 
of weather radars [4]. For this study Kenya is of interest as a tech-
nology hub in Sub-Sahara Africa [5]. Its influence on innovation 

for rural Kenya will help inform the sub-system to be developed 
for Tana River County and rural Africa in general. This will ad-
dress the gap in knowledge of real time warnings in rural Africa 
[4].  
The problem of flash floods and the need for adaptive measures 
for resilience is well espoused in the climate change resilience 
theory [6]. To address vulnerability of communities in rural Afri-
ca, resilience infrastructure (the sub-systems in this paper) will be 

studied. These Early Warning Systems should have the following 
functions to support real time decision making; observation sys-
tems for data collection, forecast capacity and management of 
data, capacity to analyze and interpret forecasts as well as com-
munication tools for the dissemination of warnings [3]. These are 

also discussed in the World Meteorological Organization’s Flood 
Forecasting Initiative, and are therefore adopted as variables for 
this study [7]. 
From a review of flash flood warning systems and sub-systems, 
the following conceptual framework was drafted for this study. 
The framework was tested via a questionnaire to examine whether 
the same relationships could be applied to a rural African context. 

 
Fig. 1: Conceptual Framework [7] 

2. Research Methods 

The study area for this research was Tana River County found at 
the coast of Kenya. It has a population of 240,075 as recorded in 

the 2009 census [8]. Questionnaires were used as the data collec-
tion tool. The purpose of the questionnaire was to determine the 
significance of sub-systems for rural Africa. They were used to 
obtain data from a sample of experts in Africa that could be ana-
lysed for generalizability [9]. A sub-system would then be devel-
oped for Tana River County if duly supported by findings from 
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this questionnaire. The same sub-system would be proposed for 
rural Africa.  
The questionnaire was used as a data collection tool because it is 
familiar to most people and therefore easy to administer. It had 55 
closed-ended questions to be scored on a 5-point likert scale where: 
1= strongly disagree, 2= disagree, 3= neutral, 4= agree and 5= 
strongly agree [9]. Africa has 17 river flooding countries as re-
ported in [10]. These countries are; Burkina Faso, Burundi, Came-

roon, Central African Republic, Chad, Democratic Republic of 
Congo, Ethiopia, Ghana, Guinea, Kenya, Mali, Niger, Nigeria, 
Rwanda, Somalia, South Sudan and Sudan.  
Meteorological data was sought for this study and therefore 
through the World Meteorological Organisation’s expert database, 
emails of experts based in the 17 countries mentioned above were 
extracted. Out of 809, 708 experts were found to have available 
email addresses. The G*Power version 3.1.9.2 application was 

used to determine an appropriate sample size [11]. With a medium 
effect size of 0.15; alpha value of 0.05; and power of 0.80, a sam-
ple size of 85 was arrived at. The data collected was assumed to 
have internal validity because the pool of respondents was made 
of experts. 

3. Data Analysis 

The following is a report of data analysed for the objective of this 
paper; to examine the relationship between variables in the study 
and therefore establish whether sub-systems are a significant vari-
able in flash flood warning systems for rural Africa. SPSS was 
used to run both descriptive and inferential tests on data collected. 
173 respondents filled the web-based questionnaire for this study 
bringing the response rate to 24.44 %. Data was prepared as fol-

lows. 
Firstly, accuracy was checked by running frequency tables to have 
a general feel to the data. At this point some values were found to 
be missing [12]. From the charts below, sub-systems are seen to 
have recorded more neutral values than the other variables. The 
existing system (IV) scored 50 “disagree” responses which means 
that the systems themselves could use enhancements. Ancillaries 
also reported values that were proof that there is room for im-
provement. The early warnings (DV) recorded encouraging re-

sponses but also illustrated neutrality that could be addressed with 
the improvement of the other variables. These results were inves-
tigated further using inferential tests.  
 

Table 1: Frequency tables for variables  

 
Secondly, missing values analysis was carried out. Data was trans-
formed and recoded after which there were 162 valid respondents 
remaining. Thereafter, constructs were grouped into their respec-
tive variables [12]. Thirdly, a Cronbach’s alpha test was run to 
check the reliability of the scale used. This was found to be 
α= .968 [13]. 

4. Moderation and Moderated Mediation 

Analysis 

A moderation effect was investigated [14]. Prior to this, the fol-
lowing assumption were met. First, variables had to be continuous 
and on a likert scale. Secondly, by running a regression model, 
there had to be no outliers. This was carried out using the Ma-
halanobis, Cook’s and leverage distance. 3 respondents were 
found to be outliers and were therefore deleted bringing the num-
ber of respondents to 159. Thirdly, the data had to be normally 
distributed. For this, histograms were used. As shown below using 

a normal curve, normality is confirmed. 

 
Fig. 2: Normality histogram of the regression standardized residual 

 
After this, linearity was tested by running a normal P-P plot. The 
results showed the dots centred around the line thus confirming 
linearity. Homogeneity was confirmed because results of the re-

gression standardized residual centred around zero. Homoscedas-
ticity was however not confirmed because the dots did not form a 
blob [12]. 
Finally, correlation among variables was examined using the Pear-
son’s correlation test [15, 16]. The results showed that the varia-
bles were significantly correlated; moderate positive correlations 
were established between the existing system (IV) and the sub-
systems (r= .673, p<.001), ancillary elements and the sub-systems 

(r= .655, p<.001) and a between the existing system and ancillary 
elements (r= .623, p<.001). Additionally, existing systems (IV) 
and early warnings registered a weak positive correlation (r= .356, 
p<.001). To ensure that there would be no multicollinearity, 
PROCESS version 3.0 (2018) written by Andrew F. Hayes [11] 
for SPSS was used to run various models of moderation, media-
tion and moderated mediation. 
 

Table 2: Table of Correlation between variables 

 
Using PROCESS to examine moderation the significance values 
of the interaction term, as well as the significance level of the R2 
change are checked. To confirm mediation, the following pointers 
are checked to confirm mediation; the first and second models 
generated from PROCESS should be significant. Bootstrapped 
confidence intervals should also not contain zero for the confirma-
tion of mediation. To illustrate the direction of moderation as con-
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firmed, the Johnson Neyman test generates values used to run a 
syntax whose output is a graph. 

 
Fig. 3: Model 8 with Ancillaries as the Mediator 

 
From PROCESS the following output is obtained for the Model 8 
as illustrated in figure 3 above. The first model; existing systems 
(IV) p<.000, sub-systems (MV) p<.000 and the interaction term 
p< .05 are significant predictors of ancillaries (MeV). In this case 
the R2 change (.0153) is also significant at p< .05. The second 
model; existing systems (IV) p<.05, ancillaries (MeV) p<.000, 

sub-systems (MV) p<.05 and the interaction term p< .001 are 
significant predictors of early warnings (DV). In this case the R2 
change (.0187) is also significant at p< .001. Indirect effect of 
existing systems (IV) on early warnings (DV) via ancillaries 
(MeV) is greater than zero; the lower (.0003) and upper (.0022) 
confidence intervals do not contain zero. The above results con-
firm a moderated mediation relationship existing between the 
variables. 

 
Fig. 4: Model 8 with Ancillaries as the Moderator 

 

First model; existing systems (IV) p<.000, ancillaries (MV) p<.01 
and the interaction term p< .01 are significant predictors of sub-
systems (MeV). In this case the R2 change (.0348) is also signifi-
cant at p< .01. Second model; existing systems (IV) p<.05, sub-
systems (MeV) p<.05, ancillaries (MV) p<.000 and the interaction 
term p< .01 are significant predictors of early warnings (DV). In 
this case the R2 change (.0135) is also significant at p< .01. Indi-
rect effect of existing systems (IV) on early warnings (DV) via 

ancillaries (MeV) is greater than zero; the lower (.0001) and upper 
(.0021) confidence intervals do not contain zero. The above results 
confirm a moderated mediation relationship existing between the 
variables. 

5. Conclusion  

The following models were confirmed from the PROCESS mod-
els tested. Model 8, where the existing system (IV) affects ancil-
laries (MeV) and then affects early warnings (DV), but both the 
existing system (IV) directly affects ancillaries and the existing 
system (IV) directly affects early warnings (DV) are moderated by 
sub-systems. Another version of Model 8 when ancillaries and 
sub-systems are swopped was also confirmed. This is where the 
existing system (IV) affects sub-systems (MeV) and then affects 
early warnings (DV), but both the existing system (IV) directly 

affects sub-systems and the existing system (IV) directly affects 
early warnings (DV) are moderated by ancillaries. The study ob-
jective, to examine the relationship between variables was accom-
plished as well as establishing sub-systems as a significant varia-
ble in flash flood warning systems for rural Africa. 
PROCESS as used in this study, was found as a valuable tool be-
cause it enabled the testing of various models. These helped to 
meet the aim of this study, which was to examine variables and 

their relationships but most importantly, the significance of the 
relationship between sub-systems and the other variables. The 
most relevant model was found to be Model 8. It illustrates a 
moderated mediation and accommodates all the variables in the 
study. Descriptive results showed that the sub-systems variable is 
not well articulated and therefore the lack of definition as was 
seen in the neutral values. After running inferential tests however, 
it was confirmed that sub-systems are a significant variable. From 

the results, both ancillaries and sub-systems are significant enough 
to address the existing early warning delivery problem and the 
findings support the development of sub-systems for rural Africa. 

In this paper, it is also recommended that community engagement 
be used as a platform to improve the ancillary elements variable. 
The best-fit model, out of the PROCESS models confirmed in this 
study, could be investigated further in future research. The sub-
systems for example, had a high score on the neutral scale. This 
means that with more awareness of sub-systems, data collected 
would lead to more accurate interpretation. 
your article. 
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