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The world population in global south countries is increasing. This fast growth has heightened urban
ecological footprint that contributes to anthropogenic forcing triggering of the climate system. From
this study, climate variability trend dynamics in Mombasa County, a coastal urban area in Kenya was
examined. A retrospective study was done (1989-2019) to determine the changes in temperature and
rainfall in the area of study. The results show that climate variability was experienced in Mombasa with
a maximum temperature t=-5.628, df=23, P:0.000 and a minimum of t=-5.401, df=23, P:0.000, total rainfall
t=2.025, df=23, P:0.275. The linear regression analysis shows rainfall variation y = -9.588x + 1217.1 and
temperature y =0.0258x + 29.888 with an increase of +0.4°C. The annual maximum temperature averages
show heterogeneous distribution from kurtosis coefficient with little observed skewness.
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INTRODUCTION

Proliferating climate change extremes globally are
daunting, staging undeniable global debates that have
exponentially increased in different international fora
(Herman and Treverton, 2009; Hannigan, 2014; Abate,
2019). Studies (Innocent, 2017; IPCC, 2018) indicate that
global surface temperature averagely has increased by
1°C or 33.8°F and could triple by the next century. As the
human population surge in cities, it has heightened urban
ecological footprint necessitating more mega tones
emission of greenhouse gases. This anthropogenic
forcing anchored on urban-human activities has
mushroomed urban heat highlands contributing to climate

*Corresponding author. E-mail: ngare.innocent@gmail.com.

change, thus a trigger to the climate system.

Temperature and rainfall variations serve as long-term
determinants to predict the future climate projections and
scenarios (Mellander et al., 2018; Barton et al., 2019).
The study aimed to examine trend variations in rainfall
and temperature in Mombasa County, a coastal region in
Kenya to ascertain the degree and level these climate
variability variables had changed overtime. A thirty-year
observed variation threshold (1989-2019) rainfall and
temperature data was obtained from the Kenya
Meteorological Department to determine observed
climate variability in Mombasa County.
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Figure 1. The map of Mombasa County, Kenya.

METHODOLOGY

A retrospective study between 1989 and 2019 on climate variability
review was done at the coastal region of Kenya in Mombasa
County. The county lies slightly below the equator on a latitude and
longitude of -4°S, 39°E respectively (Figure 1).

Climate variability data was obtained from the Kenya Metrological
Department. Both rainfall and temperature recordings for the region
was run on times series to observe anomalies across the trend
through simple regression analysis. One-Way-Anova was run to
test the hypotheses under investigation. Kurtosis coefficient was
used to determine the distribution patterns in temperature and
temperature with simulated equation;

Zl'v—l (Xi _ )?)
Kurtosis = —— - N
s

Where, X is the mean, s is the standard deviation and N is the
sample size.

RESULTS AND DISCUSSION
Descriptive monthly average temperature

Temperature plays a crucial role when modelled for a

T T
39°42'30"E 39°45'0"E

more extended period to determine climate variation
changes of the area (Graff Zivin et al., 2018; Turco et al.,
2018; Grbec et al., 2019). The annual, monthly average,
minimum and maximum annual average temperatures
descriptively are shown in Tables 1 to 3, respectively.
Descriptive statistics that include the mean, kurtosis,
median, standard deviation and coefficient of variation
are shown in the tables.

The coefficient of variance (CV) of average monthly
temperature (Table 1) shows low and high ratios of
standard deviation (SD) from the means. Averagely,
March CV was the least with 1.56 (o =0.44), where
September averages had the highest with 2.65 with o =
0.66. Comparing their dispersion from the mean, months
with least CV had a low degree of variation from the
mean, and those with higher CV ratio connotes that they
had more degree of variation from the mean. From the
distribution observation of the coefficient of kurtosis and
skewness, the annual, monthly temperatures averages
were evenly distributed with a coefficient kurtosis of -0.82
to 0.67, connoting heterogeneous distribution of average
monthly temperature. However, even with the negative
skewness observed, the measure of two-tailed thinness
was neither highly concentrated to the left or right. The
left highest (-ve) skewness was -0.82, where the right
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Table 1. Average monthly temperature for the year 1989 to 2019.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Count 31 31 31 31 31 31 31 31 31 31 31 31
Mean 27.57 27.99 28.4 27.6 26.09 2492 24.06 24.03 24.74 25.78 26.75 27.5
Std. E 0.1 0.09 0.08 0.126 0.14 0.09 0.11 0.11 0.12 0.1 0.1 0.1
Median 27.55 28 28.45 27.55 26.15 24.8 23.95 24.1 24.85 25.75 26.75 27.5
Mode 27.55 28 28.6 26.9 25.8 24.25 23.9 24.55 25.15 25.65 26.75 27.35
SD 0.54 0.51 0.44 0.7 0.76 0.1 0.62 0.63 0.66 0.54 0.56 0.57
SV 0.29 0.26 0.2 0.49 0.57 0.26 0.39 0.39 0.43 0.3 0.32 0.32
Kurtosis -0.52 -0.82 -0.44 -04 0.44 -0.54 -0.29 -0.29 0.18 -0.45 0.67 0.55
Skewness 0.01 -0.05 -0.36 0.08 -0.67 0.58 0.24 -0.23 0.03 -0.25 -0.71 0.12
Range 2.1 1.9 1.8 2.8 3.35 1.75 2.65 2.6 2.9 1.95 2.25 2.6
Minimum 26.6 26.95 27.45 26.35 24.1 24.25 22.8 22.6 23.45 24.7 25.35 26.15
Maximum 28.7 28.85 29.25 29.15 27.45 26 25.45 25.2 26.35 26.65 27.6 28.75
Cl (95%) 1.89 1.8 1.56 2.46 2.66 1.79 2.19 2.2 2.31 1.92 1.98 2
CV 1.95 1.83 1.56 2.54 2.9 2.04 2.59 2.6 2.65 2.11 2.11 2.06
SD: Standard deviation; Std E: Standard error; SV: Sample variance; Cl: Coefficient of Interval; CV: Coefficient variance.
Table 2. Average minimum temperature for the year 1989 to 2019.
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Count 31 31 31 31 31 31 31 31 31 31 31 31
Mean 22.94 23.2 23.95 23.85 225 21.27 20.32 20.23 20.88 22.02 22.92 23.23
StdE 0.13 0.15 0.13 0.16 0.17 0.15 0.16 0.16 0.16 0.17 0.13 0.13
Median 22.9 23.2 24.2 23.87 22.7 21.3 20.3 20.3 21 22.1 23 23.2
Mode 22.8 23.2 23.8 24.8 22.2 21.8 20.9 19.9 21.3 22 23 23.2
SD 0.74 0.82 0.71 0.91 0.94 0.81 0.88 0.89 0.89 0.92 0.75 0.75
SV 0.55 0.68 0.5 0.82 0.89 0.66 0.78 0.79 0.8 0.84 0.56 0.56
Kurtosis 0.71 -0.83 0.15 2.18 0.46 0.3 1.2 0.85 0.72 0.43 1.64 1.27
Skewness -0.62 -0.1 -0.91 0.34 -1.14 -0.17 0.1 -0.55 -0.64 -0.37 -0.74 -0.63
Range 34 3 2.6 4.9 3.4 3.3 4.6 4.3 4.2 4 35 3.4
Minimum 21 21.6 22.3 21.7 20.2 19.5 18.1 17.7 18.6 20 20.8 21.3
Maximum 24.4 24.6 24.9 26.6 23.6 22.8 22.7 22 22.8 24 24.3 24.7
Cl (95%) 0.255 0.294 0.255 0.314 0.333 0.294 0.314 0.314 0.314 0.333 0.255 0.255
CV 3.226 3.534 2.965 3.816 4.178 3.808 4.331 4.399 4.262 4.178 3.272 3.229

SD: Standard deviation; Std E: Standard error; SV: Sample variance; Cl: Coefficient of Interval; CV: Coefficient variance.

skewness (+ve) was 0.67 across the trend in the past 30
years in Mombasa County (Table 1).

Descriptive minimum average temperature

Descriptive statistics of average minimum rainfall for
Mombasa County for the years 1989 to 2019 is shown in
Table 2. Statistical measures of central tendency and
dispersion determine the spread, distribution, and trend
of average minimum temperatures. Figure 2, the

monotonic trend of the variables outlined by the linear.
The standard deviation ratios from the mean show
reliability variations. The month of March has the lowest
CV of 2.965, thus less variation from the mean (u
=23.95). August had the highest reliability of variation
from the mean with a CV of 4.399 and a SD of 0.89,
unlike that of March (0.71). The average SD deviation
difference across the trend is 0.1; therefore, a standard
normal distribution for each annual minimum monthly
temperature for Mombasa County.

Computed skewness shows a ranging scale of -0.91 to
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Table 3. Average maximum temperature for the year 1989 to 2019.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Count 31 31 31 31 31 31 31 31 31 31 31 31
Mean 32.21 32.77 32.85 31.34 29.67 28.57 27.81 27.84 28.61 29.55 30.59 31.8
Std E 0.11 0.07 0.09 0.13 0.14 0.07 0.1 0.11 0.11 0.11 0.1 0.12
Median 32.2 32.8 32.8 315 29.7 28.5 27.8 28 28.6 295 30.7 31.8
Mode 32.1 32.8 32.7 31.7 30.1 28.3 27.5 27.5 28.6 29.5 30.9 31.4
SD 0.59 0.42 0.49 0.72 0.76 0.41 0.58 0.59 0.61 0.64 0.57 0.68
SV 0.35 0.17 0.24 0.52 0.58 0.17 0.33 0.35 0.38 0.41 0.33 0.46
Kurtosis -0.19 0.26 -0.39 -0.57 0.65 -0.19 0.93 0.31 0.85 3.92 -0.13 0.84
Skewness -0.24 -0.5 0.08 -0.32 0.25 0.56 0.13 -0.54 -0.04 -1.35 -0.52 0.64
Range 2.5 1.8 1.8 2.8 3.7 1.7 2.7 2.6 2.8 3.3 2.5 3.1
Minimum 31 31.7 32 29.8 28 27.9 26.6 26.3 27.1 27.3 29.2 30.6
Maximum 335 335 33.8 32.6 31.7 29.6 29.3 28.9 29.9 30.6 31.7 33.7
ClI (95%) 0.21 0.15 0.17 0.25 0.27 0.14 0.2 0.21 0.22 0.22 0.2 0.24
CcVv 1.84 1.27 1.48 2.3 2.57 1.44 2.08 2.11 2.15 2.16 1.88 2.14

SD: Standard deviation; Std E: Standard error; SV: Sample variance; Cl: Coefficient of Interval; CV: Coefficient variance.

0.1, evident that distribution was left tailed (negative).
However, the observed coefficient of kurtosis (CKk)
readings (Table 1) shows April with the highest Ck of
2.18 and February with a Ck of -0.83. Though, from the
kurtosis scale, the highest reading was less than three
(<3). Therefore, a platykurtic distribution was observed.
This can be interpreted from that within the 30-year
variability threshold in Mombasa, observed positive and
negative extremes of minimum temperature annual
averages were less of few. For observed linear
regression (y=0.0283x + 21.823, R? = 0.1655), Figure 2
shows oscillated monotonic trend of minimum rainfall
across the trend but with fewer extremes of between 22.5
and 20.5°C in minimum.

Across the trend (Figure 2), climate variability anomaly
in minimum average temperature gained its highest
lowest peak in the years 2003 and 2004 recording lowest
temperature of 20.5°C compared to the noted anomaly in
four years of 21.5°C in the year 2007. However, the
minimum temperature had increased in the modelled 30-
year period. The accumulated minimum annual average
temperature increase was +0.8°C (Figure 2). Therefore,
from the linear (R® =0.1655), the noted increase was
approximately 16.55% across accumulated the trend.

Descriptive maximum average temperature

The descriptive statistics approach was applied to assess
the trend and distribution of maximum temperature in
Mombasa County urbanized area. Different forms of
dispersion and measure of central tendency have been
used to describe commutated data. Figure 3 shows the
linear trend in the past 30 years in the area of study. The

least observed coefficient of variance was 1.27, and the
highest CV being 2.57. From the two monthly data
findings (February and May) (Table 3), CV of 1.27 had
low standard variation ratio from the mean (u = 32.77)
compared to CV 2.57 with (u =29.67) that had higher
reliability variation from the mean.

The kurtosis coefficients show ranged between -0.57
and 0.93. The skewed values (-0.5 to 0.64) indicate a
normal distribution spread despite a high left tailed
concentration trend. It can be observed, therefore, that
despite left inclined skewness, the highest positive skew
point was 0.64. The skew values indicate, therefore, that
symmetry indicator was longer in the left (negative)
compared to the right. The asymmetrical skewness is
within the 1, -1 or 0.5, -0.5; thus, the temperature trend
was moderately distributed.

The linear trend of temperature (Figure 3) show a
monotonic character (y=0.0258x + 29.888). The upward
and downward observed anomalies could cause
extremes in maximum temperature. For instance, the
highest maximum temperature peak was observed in
2011 with 31 C, where the temperature had increased in
the past 30 years by +0.4°C. The finding supports the
modelled past, present and future projections by the
IPCC’s AR5 that project temperature increase by 2100.
Since the pre-industrial period, the earth’s surface
temperature has warmed by 1°C (Hansen et al., 2018;
Feulner, 2019).

Since the pre-industrial period to date, the estimated
anthropogenic warming range has surpassed the 1°C
mark (Tokarska et al., 2019). A report by IPCC (2018)
indicates that by 2050, earth’s warming shall hit past
1.5°C, wherein the year 2100, the average temperature
warming will averagely hit 2°C. From these observed
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Figure 2. Minimum annual temperature for Mombasa Country (1989-2019).
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Figure 3. Maximum annual temperature for Mombasa Country (1989-2019).

projections, the observed average warming within
Mombasa County of +0.4°C, adds to the global average
warming index. Therefore, over the past 30 vyears,
temperature variations in the Mombasa Country were
positively contributing to warming.

Descriptive analysis of rainfall

Table 4 shows the descriptive rainfall data of Mombasa

County in the past 30 years (1989-2019). Different
descriptive statistics methods are indicated at the table,
respectively. The coefficients of skewness (Cs),
coefficient of variation (CV), sample variance (SV),
coefficient of kurtosis (Ck) and Standard deviation (SD).
A study by Hayelom et al. (2017) indicates that (CV) is
important in the classification of the degree of variation.
This classification is rated at a point scale as low (CV
less than 20%), moderate (CV less than 30%), high (CV
above 30%), very high (CV above 40%), and extremely
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Table 4. Descriptive statistics of the rainfall data for the year 1989 to 2019.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Count 31 31 31 31 31 31 31 31 31 31 31 31
Mean 25.91 11.97 40.29 150.8 260.7 96.1 72.23 59.37 43.17 130.3 105.1 67.87
Std E 7.33 3.46 6.28 16.64 28.71 9.65 6.6 7.422 6.493 27.82 11.61 11.05
Median 16.2 3.3 34 137 229.7 97.3 64 45.1 38 68.2 89 52.2
Mode 25.9 0 #N/A #N/A #N/A #N/A #N/A 30.7 3.2 281.6 74.1 #N/A
SD 40.8 19.28 34.98 92.6 159.9 53.72 36.75 41.32 36.15 154.9 64.62 61.54
SV 1665 371.8 1224 8587 25558 2886 1350 1708 1307 23999 4176 3787
Kurtosis 15.08 3.27 3.78 -0.72 0.32 -0.47 -0.53 1.759 3.402 12.89 2.634 3.182
Skewness 3.53 2.06 1.69 0.68 0.78 0.26 0.495 1.477 1.804 3.154 1.386 1.7
Range 213.3 66.6 162 306.4 643.4 205.1 131.2 159.6 146.3 802.8 305 275
Minimum 0 0 0 26.8 214 4.1 20.2 14.5 3.2 16.9 11.5 0.5
Maximum 2133 66.6 162 333.2 664.8 209.2 151.4 1741 149.5 819.7 316.5 275.5
ClI (95%) 14.36 6.79 12.32 32.62 56.28 18.91 12.94 14.55 12.73 54.53 22.75 21.66
Cv 157.5 161.1 86.82 61.46 61.32 55.9 50.87 69.61 83.75 118.9 61.49 90.67

SD: Standard deviation; Std E: Standard error; SV: Sample variance; Cl: Coefficient of Interval; CV: Coefficient variance.

high (CV above 70%). From Table 4, the total annual
rainfall coefficient of variance and interval is above 5%,
based on the kurtosis measure of distribution from the
formula.

The computed data in Table 4 show 15.08 in January
as the highest coefficient of kurtosis with -0.47 least
kurtosis in June; thus, a platykurtic distribution (<3) was
observed in June months. The platykurtic distribution of
annual, monthly precipitation totals is also observed in
April, May, June, July, August, and November. Other
months recorded the kurtosis coefficient of (>3), thus an
observed leptokurtic distribution. However, despite low
values of skewness recorded, the distribution had a
positive (+) skewness with normal distribution without
negative (-) skewness observed across the distribution
trend.

It is observed in the results (Table 4) that all the months
had a high coefficient of variation (>30%); therefore,
deploying a homogeneous character on their precipitation
variations. From the mean annual precipitations (Figure
4), the range is observed to be low (1685 to 661 mm).
The linear precipitation shows decline of rainfall of
between 1989 and 2019 (y = -9.5882x +1217.1, R®
=0.0712).

Across the linear trendline (Figure 4), precipitation
anomalies were observed between the years 2004 and
2005 recording the highest rainfall 2157 mm, and the
year 2012 to 2014 recording 1648 mm. Even with these
peak precipitation anomalies, received precipitation in
Mombasa County was decreasing across the trend.
Evident that climate variability effect had been
experienced in the county in between the years (1989 —
2019). The previous study by Sheriff (2019), shows

variations in temperature and rainfall for 30 years (1986-
2016) subjecting the area to climate variability effect.

To investigate if there is a significant variation in rainfall
and temperature in Mombasa County, a paired t-test
done on the meteorological data. The data was
segmented into two data sets; the first data set consists
of the measurements taken in the first two years that is
1989 and 1990 and the second data set consists of the
measurements taken in the last two years that is 2018
and 2019. The first test was performed to test the
difference between the mean rainfall between the first
two years and the last two years. The assumptions were;
that the level of rainfall in the last two years is
significantly lower compared to the first two years of the
collected data from Mombasa County.

Ho: The average rainfall of the last two years is equal to
or higher than the first to years.

Ho: The average rainfall of the last two years is lower than
the first to years.

The results (Table 5), shows that the mean rainfall for the
last two years is significantly lower than that of the first
two years [t (0.05, 23) = 2.025, P = 0.0275]. This implies
that rainfall amount is decreasing significantly in the
coastal region

Prior analysis indicated that the maximum temperature
recorded in Mombasa County had increased over time.
Using the paired t-test approach, the mean maximum
temperature of the first and the last two years were
compared and the results are as shown (Table 6).

Based on the findings above, it is evident that the
maximum temperature of the last two years is
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Figure 4. Total annual rainfall for Mombasa County (1989-2019).
Table 5. Rainfall variability t-test results.
Paired differences
95% Confidence interval of Sig.
Mean S.td: Std. error the difference t df (1-tailed)
deviation mean
Lower Upper
Year 1989-1990 -
Year 2018-2019 60.6042 146.6121 29.9271 -1.3047 122.5130 2.025 23 0.0275
Table 6. Maximum temperature t-test results.
Paired difference
95% Confidence interval Sig.
Mean Std. Std. error ¢ the difference t df (1-tailed)
deviation mean
Lower Upper
Year 1989-1990 -
Year 2018-2019 -0.7875  0.6854 0.1399 -1.0769  -0.4981 -5.628 23 0.000
significantly higher than the temperature of the first two The results above show that the measured minimum

years [t (0.05, 23) = -5.628, P=0.000]. Similarly, the temperature of the last two years is significantly higher
minimum temperature of the regions was investigated to than of the first two years [t (0.05, 23) = -5.401, p =
establish if a difference between the first and the last two 0.000]. Therefore, from the above t-test, the H,: There is
years existed and the results are as shown (Table 7). significant variations in temperature and rainfall in
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Paired differences

95% Confidence interval of Sig.
Mean Std.  Std. error the difference t df (1-tailed)
deviation mean
Lower Upper
Year 19891990 - ;0667 07861 01605  -1.1986 -0.5347 -5.401 23 0.000

Year 2018-2019

Mombasa County was accepted.

Conclusion

The coastal urban setting of Mombasa County had
experienced the effect of climate variability. The changes
in rainfall and temperature had been experienced in the
past 30 years as per the modelled retrospective study
period. Temperatures had increased over time and
decline of average rainfall even with trend line oscillations
propagated climatic extremes.
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