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Abstract

Climate variability presents novel challenges to the conservation of maritime cultural and natural heritage.
In the south Kenya coast, responses to extreme temperatures and sudden onset high rainfall worsen the
condition of historic buildings and sacred landscapes, putting maritime communities at risk. To provide a
baseline for prioritizing conservation planning initiatives, the paper sought to establish climate variability
for the adaptation of maritime heritage to climate change. Between 1994 and 2024, average maximum and
minimum temperatures rose by +1.6°C and +1.4°C, respectively. Linear regressions of average maximum
and minimum temperatures showed high extremes of 32.10°C to 32.40°C and low extremes of 19.8°C to
20°C, respectively. The leptokurtic distribution showed a substantial chance of severe outcomes in average
minimum and maximum temperatures in September and November, respectively. Over 30 years, the
average maximum rainfall increased by 190mm with linear regressions indicating high extremes between
1500mm and 1600mm. The leptokurtic distribution revealed a substantial chance of extreme outcomes in
average maximum rainfall in November. Average maximum and minimum temperatures for the final two
years were considerably higher than the first two years; t (-5.2086, 1.0000) = 6.3138, P=0.0604) and t (--
3.7226, 1.0000) = 6.3138, P=0.0835). However, average mean rainfall over the first two years was
significantly lower than that over the latter two years t (-0.525, 1.000) = 6.3138, P =0.3460). Overall,
unpredictability of short and long rainy seasons has increased during the last ten years compared to the
previous twenty. Conservation planning is to consider physical stabilizations, shoreline consolidation,
mangrove restoration, land use control, adjustments of setbacks and buffer zones to adapt maritime
heritage to climate change.
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Climate Variability and Maritime Heritage

Kenya’s diverse maritime cultural heritage ranging from sea front mosques, forts, tombs, wells, coral stone
and wattle-daub buildings as well as maritime natural heritage to include sacred forests, shrines and cultural
landscapes are an essential part of the nation’s identity and economic well-being. However, climate change
amplifies the distribution of high temperatures and arid landscapes (Mulonga and Olago, 2023). In the south
Kenya coast, responses to hotter drier weather (Lyon and Vigaud, 2017) have already been demonstrated
by frequent drought cycles that result in significant landscape change (Maina et al., 2021). Warmer air and
sea surface temperatures, driven by marine heat waves (Oliver et al., 2019; Saranya et al., 2022) limit the
growth, composition, and regeneration capacity of mangrove stands (Gitau et al.2023), seagrass beds (Uku
et al.,2021) and coral reefs in Diani-Chale and Kisite-Mpunguti marine parks (Obura et al.,2021).
Unfortunately, natural heritage to include national forest reserves and sacred forests, known as Kayas, stand
to lose 50% of cover by 2050 as a result of rapid arid landscape expansion (Parracciani et.al.,2023; Haile
et al.,2020).

The Representative Concentration Pathway (RCP), used by the Intergovernmental Panel on Climate Change
to describe future climate scenarios, denotes that global climate change will result in a 4 °C increase in
temperature (Vincent et al., 2011; Palmer,2023) and a 20% variation in rainfall by 2100 (Nicholson, 2017;
IPCC, 2021). In Kenya, General Circulation Models (GCMs) predict that mean annual temperatures will
rise by 0.8°C to-1.5°C by 2030 (GoK, 2013) and 1.6°C to 2.7°C by 2060 (GoK, 2018). According to median
climate models, temperatures will rise by 1.3 °C in 2030, 1.7 °C in 2050, and 2.2 °C in 2080 under the
RCP6.0's medium/high emissions scenario (GIZ,2021; EPA,2022). In line with rising mean annual
temperatures, the yearly number of very hot days, with daily maximum temperatures above 35 °C, is
anticipated to rise by 25 in 2030, 36 in 2050, and 59 in 2080 (USAID, 2022). For instance, hot days on the
northern Kenyan coast are anticipated to reach 300 per year by 2080 (Few et al., 2015; Gichangi et al.,
2015).

Further, under RCP6.0, potential evapotranspiration is expected to rise by 1.9% in 2030, 3.0% in 2050 and
4.5% in 2080 (Gebrechorkos et al., 2019; World Bank Group, 2021). Unfortunately, prolonged drought
cycles (Taylor et al., 2019; Painter et al., 2021) and recurring marine heat waves (Kairo, et al.,2021) result
in biomass loss and ground aquifer depletion for instance at Ishakani, Kiunga, and Mambore in the northern
Kenyan coast. As a result of frequent droughts in this region, historic sites such as Ashuwei, Sendeni,
Mvindeni, and Rubu have been abandoned (Wilson, 2016). Overall, high temperatures are expected to
worsen the state of surrounding Boni and Dondori forests, making fresh water supply even more
unpredictable (Ongoma et.al.,2018; Lam et al., 2023).

Unfortunately, for most parts of the country, precipitation is expected to decrease by 8-10% between
October and December, extending the hottest and driest months of January and February (Rowell et
al.,2015; Wainwright et al.,2019). Additionally, under RCP6.0, the number of days with heavy
precipitation will decrease from 9 in 2000 to 7 in 2080 (World Bank Group, 2021; USAID, 2022). With
warmer sea surface temperatures, median climate models predict a sea-level rise of 10 cm by 2030, 21 ¢cm
by 2050, and 40 cm by 2080 (GIZ, 2021; Vousdoukas et al.,2022). Sea level rise and ENSO variability
(Hansen, et al.,2019) are predicted to exacerbate erosion trends (Njiiri et al., 2024), beach loss (Omoumbo,
2013), and coastal upwelling (Mwakumanya, 2021). Reactive responses to rising sea levels are evidenced
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by the need for construction and periodic maintenance of costly sea walls in historic settlements, such as
Lamu Old Town (Figure 1) and Kizingitini (Figure 2) on Pate Island in the northern Kenya coast,
respectively.

Heritage climatology emphasizes the need for detailed analysis on short-term pulses and long-term
fluctuations in temperature and rainfall trends (Brimblecombe et al.,2024). The paper has sought to establish
climate variability for the adaptation of maritime built heritage to climate change in the south Kenya coast.
The goal is to provide a baseline for prioritizing conservation planning initiatives that improve capacity for
dealing with climate change.

Figure 1: Sea wall, Lamu Figure 2: Sea wall, Kizingitini.

Maritime Cultural and Natural Heritage in South Kenya Coast

Kwale County, a region that delimits the south Kenya coast, is located between 4.1816° S and 39.4606° E
(Figure 3). The region is located in an Inter-Tropical Convergence Zone (ITCZ), which is an important
component of the Earth's climate system (GoK, 2019). The timing of the short and long wet seasons is
determined by two monsoon seasons: the Southwest monsoon, which occurs from April to June, and the
Northeast monsoon, which occurs between October and April.

Maritime built heritage along the 120km littoral strip comprises of ancient mosques, tombs, wells,
archaeology and historic buildings located in remote islands and fishing villages. Maritime natural heritage
comprises Diani-Chale and Kisite-Mpunguti marine parks as well as 26 sacred forests, 24 of which are
designated as national monuments and 2 are classified as UNESCO World Heritage Sites. Unfortunately,
climate variability now limits the growth, composition, and regeneration capacity of mangroves (Kairo et
al. 2021), and sacred forests known as Kayas (Jacobs et. al., 2021). Considering that erosion trends in the
southern coast are three times higher than northern coast erosion trends (Njiiri,et.al.,2025), rising sea levels
necessitate the need to erect higher plot boundaries and sea walls as observed for instance, at the periphery
of Galu (Figure 4) and Gazi (Figure 5) historic ruins, respectively.
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Figure 3: Kwale County, South Kenya Coast

Figure 4: Plot boundaries, Galu ruins Figure 5: Sea walls, Gazi ruins.

For littoral historic sites, traditional building materials to include coral, timber, thatch, mud brick, wattle
and daub are increasingly prone to bleaching, scaling, corrosion, exfoliation, sub/effloresce, detachment
and collapse. The differential patterns of decay are observed for instance, at Kongo mosque on Tiwi beach,
Diani (Figure 6) and the old British customs office in Vanga (Figure 7). Unfortunately, warmer air and sea
surface temperatures contribute to the loss of familiar landscapes as evidenced by the spread of invasive
plant species such as Vachellia reficiens, Prosopis juliflora, Lantana camara, Azadirachta indica and
Pedilianthus tithymaloides (Betts et al., 2019; Cazalis et.al., 2022). Given that tourism is the main economic
activity in the south Kenya coast, an analysis of climate trends warrants immediate attention considering
that maritime cultural and natural heritage is at risk of irreversible loss.
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Figure 7: Old British Customs Office, Vanga

Figure 6: Kongo Mosque, Diani

Methodology

The methodology described below was developed to better target climate adaptation in Kwale County, on
Kenya's south coast. The goal was to provide a baseline for prioritizing conservation planning initiatives
that improve capacity for dealing with climate change. To establish climate variability in the study area,
climate data was sourced from the Kenya Meteorological Department (Table 1).

Table 1: Sources of Climate Data

Parameter Data set Variable Source
Temperature (°C) =~ Average mean temperature Kenya
Climate Average minimum temperature Meteorological
Average maximum temperature Department
Rainfall (mm) Average mean rainfall (KMD)

Average minimum rainfall
Average maximum rainfall

Data was analyzed using descriptive and inferential statistics, with means, standard deviations, coefficients
of variance, and linear regressions calculated using the Statistical Package for Social Sciences (SPSS)
version 23 to determine climate variability. The mean annual rainfall was estimated by dividing the average
monthly rainfall for each year by the number of months (Equation 1).

Annual mean rainfall = ) Mean monthly rainfall / 12 (number of months) (Equation 1).

The mean annual temperature was calculated by dividing the average monthly temperature for each year
by the number of months (Equation 2).

Annual mean temperature = )’ Mean monthly temperature / 12 (number of months) (Equation 2).

To detect annual average rainfall and temperature variations across time, the data was run through SPSS
chart builder to depict long term trends. Due to climate seasonality, missing monthly readings affected
rainfall and temperature trend computations. As a result, annual averages were altered by extreme values.

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified




unesco

Kenya
National Commission

2958-7999, Vol. 6 (1) 2025
Establishing Climate Variability for Adaptation of Maritime Cultural and Natural Heritage to Climate Change in South Coast,

Kenya.

For this reason, the standard deviation, a measure of the absolute dispersion of a dataset from its mean, was
computed to aid in the comparison of data sets that shared similar means but with different ranges. The
formula given in Equation 3 was used to calculate the standard deviation.

Standard deviation (S) = Yty (xi-X)/n— 1 (Equation 3).

Where; > = Totality of individual values of (x;- X) for i - n (months), n =total sum of number of observations
for 12 months, x; = cumulative number of variables x, X = mean of variable x.

To expresses the standard deviation as a percentage of the mean, the coefficient of variation was computed
to provide a relative measure of variability. While standard deviation is useful for understanding the data's
spread in its original units (Schillaci and Schillaci, 2022), the coefficient of variance is essential for
comparing variability across datasets with different scales or units, offering a standardized unit less
comparison (Jalilibal et al., 2021; Santos and Dias, 2021). The formula given in Equation 4 was used to
calculate coefficient of variance.

Coefficient of Variance = Standard deviation / Mean annual rainfall (Equation 4).

Further, a linear regression model was used to determine whether the dependent variable (rainfall or
temperature) was a significant predictor of the independent variable (time). A 30-year timeframe from 1994
to 2024 was chosen based on the World Meteorological Organization's characterization of the timescale
border between weather and climate (WMO,2020).

To calculate the proportion of variance in the data across the study period, R-squared of linear regression
(R2), also known as coefficient of determination, was used. The coefficient indicates the degree of
correlation between the independent and dependent variables (Arrieta-Pastrana et al., 2022; Tofu and
Mengistu, 2022), in this case, selected climate data variables and time. Finally, an independent sample t-
test was performed to determine whether there was a significant difference in average mean rainfall between
the first and last two years. Similarly, the t-test method was used on average minimum and maximum
temperatures to determine the statistical difference between the first and last two years.

Results and Interpretation

Table 2 shows the trend of average mean temperatures from 1994 to 2024, as calculated by descriptive
statistics. The average monthly temperature's coefficient of variance (CV) exhibits low and high standard
deviation (SD). February had the lowest CV of 0.013 and SD of 0.348 from the mean (x=27.09), whereas
April had the highest CV of 0.021 and SD of 0.541 from the mean (x=25.58). Computed skewness, a
measure of data asymmetry, ranges from -0.740 to 0.951, indicating a left-tailed (negative) distribution.
The observed kurtosis readings show the highest kurtosis of 1.291 and the lowest kurtosis of -0.113 for the
months of December and July. The platykurtic distribution, which has a flatter peak and narrower tails than
a normal distribution, showed a minimal chance of severe outcomes in mean temperature for all months
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Jan
Average 26.72
Std Error 0.080
Median 26.81
SD 0.443
SV 0.196
Kurtosis 0.179
Skewness -0.696
Range 1.954
Min 25.60
Max 27.55
CI (95%) 0.163
Cv 0.017

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

The trend in average minimum temperatures from 1994 to 2024 was determined using statistical metrics of central tendency and dispersion (Table
3). April had the lowest CV of 0.019 and SD of 0.412 compared to the mean (x=21.91). October showed the highest CV of 0.039 and SD of 0.765
from the mean (x=19.68). Computed skewness ranges from -0.95 to 0.15, indicating a left-tailed (negative) distribution. The observed kurtosis
readings show the highest kurtosis of 3.42 and the lowest kurtosis of -0.94 in September and November, respectively. The leptokurtic distribution

Feb

27.09
0.062
27.06
0.348
0.121
0.844
0.501
1.656
26.44
28.10
0.128
0.013

Mar

26.87
0.085
26.77
0.475
0.225
0.462
0.951
1.920
26.23
28.15
0.174
0.018

Table 2: Average Mean Temperature for the year 1994 to 2024

Apr
25.58
0.097
25.58
0.540
0.292
-0.399
0.360
2.139
24.68
26.82
0.198
0.021

May
24.45
0.089
24.51
0.494
0.244
-0.949
0.095
1.784
23.63
25.42
0.181
0.020

Jun
23.60
0.074
23.56
0.411
0.169
-0.696
0.145
1.539
22.88
24.42
0.151
0.017

July
22.96
0.077
22.94
0.430
0.185
-0.113
0.474
1.762
22.25
24.01
0.158
0.019

Aug
22.97
0.068
22.98
0.378
0.143
-0.495
0.158
1.566
22.20
23.77
0.139
0.016

predicted a higher chance of extreme outcomes in average minimum temperature for September.
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Sep
23.58
0.064
23.60
0.354
0.125
-0.187
0.395
1.484
23.00
24.48
0.130
0.015

Oct
24.41
0.086
24.43
0.480
0.230
-0.772
0.180
1.736
23.58
25.32
0.176
0.020

Nov

25.21
0.089
25.21
0.495
0.245
0.959
0.633
2.226
24.28
26.51
0.182
0.020

Dec
26.05
0.084
26.06
0.465
0.216
1.291
-0.740
2.208
24.82
27.02
0.171
0.018
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Jan
Average 21.90
Std Error 0.103
Median 21.83
SD 0.573
SV 0.328
Kurtosis 0.592
Skewness 0.155
Range 2.624
Min 20.66
Max 23.28
CI (95%) 0.210
Cv 0.026

SD: Standard deviation; Std E: Standard error; SV: Sample variance,; CI: Coefficient of Interval; CV

: Coefficient variance

Feb
21.91
0.115
22.03
0.640
0.410
1.048
-0.955
2.784
20.24
23.02
0.235
0.029
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Mar

22.20
0.094
22.20
0.526
0.277
0.500
0.241
2.293
21.11
23.41
0.193
0.024

Table 3: Average Minimum Temperature for the year 1994 to 2024

Apr
2191
0.074
21.94
0.412
0.170
-0.232
0.026
1.682
21.09
22.77
0.151
0.019

May
20.64
0.087
20.64
0.485
0.235
-0.870
-0.239
1.676
19.75
21.42
0.178
0.023

Jun
19.70
0.075
19.62
0.419
0.176
-1.229
0.026
1.364
18.96
20.32
0.154
0.021

July
18.92
0.080
19.07
0.445
0.198
-0.630
-0.262
1.884
17.92
19.81
0.163
0.024

Aug
18.75
0.104
18.80
0.578
0.334
0.879
-0.802
2.474
17.20
19.67
0.212
0.031

Sep
19.06
0.113
19.11
0.630
0.397
3.425
-0.963
3.375
16.94
20.31
0.231
0.033

Oct
19.68
0.137
19.72
0.765
0.585
2.441
-1.153
3.632
17.27
20.91
0.280
0.039

Nov
20.68
0.121
20.80
0.676
0.458
-0.946
-0.245
2.603
19.26
21.86
0.248
0.033

Dec
21.50
0.078
21.56
0.434
0.188
0.085
-0.373
1.806
20.57
22.37
0.159
0.020
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The linear regression y=0.0276x - 34.901, R? = 0.613 shows an oscillating monotonic trend of average minimum temperature with fewer extremes
recorded in 1996 and 1999, with low peaks of 19.8°C and 20°C, respectively (Figure 8). Across the trend, the climate variability anomaly peaked
in 2015 and 2024, with higher temperatures reaching 21°C and 21.3°C, respectively. The average minimum temperature increased by +1.4°C
during the course of 30 years, representing a 6.6% gain.
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Figure 8: Average minimum temperature (1990-2024).
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Table 4 shows the trend in average maximum temperatures from 1994 to 2024, as determined by descriptive statistics. June had the lowest CV of
0.37 and SD of 73.56 from the mean (X = 197.04), while January had the highest CV of 0.97 and SD of 55.06 from the mean (X = 56.67). The
skewed values range from 0.11 to 2.55, indicating a typical distribution spread. Kurtosis readings ranged from -0.49 to 7.92. The leptokurtic
distribution revealed a larger chance of extreme outcomes in average maximum temperatures in April and November, respectively.

Table 4: Average Maximum Temperature for the year 1994 to 202

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Average 56.7 34.0 121.7 349.8 457.6 197.4 142. 121.7 142.0 230.4 253.3 148.9
Std E 9.89 3.20 12.41 34.97 37.50 13.21 11.69 9.02 16.50 29.57 31.78 13.85
Median 32.1 28.9 103.8 301.8 454.6 195.4 125.7 118.5 127.3 182.1 197.6 126.1
SD 55.0 17.0 69.08 194.2 208.0 73.56 65.07 50.22 91.85 164.4 176.4 77.14
SV 3031 31e. 4772. 37916 43596 5411. 4237 2522. 8435. 27107 31309 5950
Kurtosis 2.89 1.57 0.43 5.42 0.65 1.08 2.19 -0.49 -0.37 2.22 7.92 -1.06
Skewness 1.80 1.01 1.00 1.99 0.74 0.11 1.53 0.54 0.85 1.60 2.55 0.26
Range 2151 78.1 270.5 948.9 933.8 3459 270.3 183.3 306.8 637.3 888.0 251.8
Min 11.5 10.3 36.26 127.1 98.87 40.31 71.13 50.89 36.15 65.59 67.75 31.30
Max 2208 89.4 307.1 1075. 1032. 386.2 341.5 234.5 342.8 703.2 956.1 283.2
CI (95%) 20.20 6.53 25.34 71.42 76.59 26.98 23.87 18.42 33.69 60.39 64.90 28.29
Cv 0.97 0.51 0.57 0.56 0.46 0.37 0.46 0.41 0.64 0.71 0.70 0.52

SD: Standard deviation; Std E: Standard error; SV: Sample variance; CI: Coefficient of Interval; CV: Coefficient variance
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The linear trend of average maximum temperature (Figure 9) is monotonic (y=0.0311x + 31.13, R?=0.396). The highest maximum temperatures
were recorded in 2012 and 2024, when the average maximum temperature rose to 32.10°C and 32.40°C, respectively. Overall, the average maximum
temperature increased by +1.7°C during 30 years, representing a 5.2% gain. Since the pre-industrial period, the earth's surface temperature has
increased by 1°C. Furthermore, according to an IPCC (2018) report, the earth's temperature will rise by 1.5 degrees Celsius by 2030. Thus, local
patterns in average maximum temperature support the global average warming index, as does the occurrence of recurring marine heat waves along
the southern coastline.
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Figure 9: Average maximum temperature (1990-2024)
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Table 5 shows the trend in average mean rainfall from 1994 to 2024, as determined by descriptive statistics. The coefficient of variance (CV) of
average monthly rainfall reveals both low and high standard deviation (SD). August had the lowest CV of 0.301 and lowest SD of 15.14 from the
mean (X=50.37), whereas January had the greatest CV of 1.148 and SD of 35.13 from the mean (x=30.61). Computed skewness, a measure of data
asymmetry, ranges from -0.352 to 2.538, indicating a right-tailed (positive) distribution. Kurtosis readings show a maximum of 9.492 in February
and a minimum of -0.003 in September. The leptokurtic distribution revealed a higher chance of extreme outcomes in average mean rainfall for
January, February, April, October, and November.

Table 5:
Table 5: Average Mean Rainfall for the year 1994 to 2024
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
Average 30.6 16.84 73.15 166.2 192.4 69.90 57.27 50.37 50.57 116.0 151.4 92.28
Std Error 6.31 1.798 7.828 14.72 13.71 3.960 4.044 2.720 4.312 16.26 16.60 9.273
Median 14.9 14.61 62.38 145.0 195.8 75.30 51.94 48.60 43.66 84.82 125.0 80.13
SD 35.1 10.01 43.58 81.85 76.39 22.04 22.51 15.14 24.00 90.45 92.42 51.62
Y 1234.63  100.264  1899.576 6700.391 5836.543 486.115  506.925  229.323  576.287  8181.959 8542.145 2665.556
Kurtosis 6.27 9.492 -0.262 3.753 -0.088 0.097 2.333 1.273 -0.003 3.836 8.717 -1.217
Skewness 2.37 2.587 0.808 1.705 0.269 -0.352 1.351 1.084 0.842 1.903 2.538 0.373
Range 157. 51.65 153.6 382.8 311.2 96.48 107.7 65.91 89.23 386.3 487.2 165.0
Min 4.29 6.943 19.77 68.91 49.06 19.68 21.83 29.95 18.79 30.33 41.79 18.19
Max 161. 58.59 173.4 451.7 360.5 116.1 129.6 95.83 108.0 416.6 528.9 183.2
CI (95%) 12.8 3.673 15.98 30.02 28.02 8.087 8.259 5.555 8.805 33.17 33.90 18.93
Cv 1.14 0.594 0.596 0.492 0.397 0.315 0.393 0.301 0.475 0.779 0.610 0.559

SD: Standard deviation; Std E: Standard error; SV: Sample variance; CI: Coefficient of Interval; CV: Coefficient variance
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The linear trend of the mean rainfall, y=4.99x -8957.6, R?> = 0.00275 (Figure 10), revealed high precipitation anomalies in the years 1996, 2018, and
2023, with rainfall levels of 1600mm, 1500mm, and 1600mm, respectively. Despite peak precipitation anomalies, precipitation was shown to
gradually increase during the trend. Thus, linear regressions on average maximum and minimum rainfall were required to reveal variability for the
March-April-May (MAM) long rainy season and the October-November-December (OND) short rainy season, respectively.
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Figure 10: Figure 10: Average mean rainfall (1990-2024)
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The trend of average minimum rainfall between 1994 and 2024 was evaluated using statistical metrics of central tendency and dispersion (Table 6).
August had the lowest CV of 0.27 and SD of 4.87 compared to the mean (x=17.90). January showed the greatest CV of 1.60 and SD of 18.84 from
the mean (x=11.80). Computed skewness ranges from 0.01 to 2.99, indicating that the distribution was strongly skewed. The observed kurtosis
values show the highest kurtosis of 10.63 and the lowest kurtosis of -0.64 for the months of January and May. The leptokurtic distribution showed
a higher likelihood of extreme outcomes in average minimum rainfall in January, February, and November.

Table 6: Average Minimum Rainfall for the year 1994 to 2024

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Average 11.80 5.62 37.70 70.48 49.05 21.86 17.28 17.90 16.45 35.12 88.06 46.91
Std Error 3.38 1.11 4.83 6.67 3.21 1.27 0.87 0.88 1.23 5.12 9.47 5.28
Median 6.54 6.13 32.64 58.89 49.29 21.20 16.06 16.32 15.47 26.60 73.96 35.00
SD 18.84 6.21 26.87 37.11 17.87 7.05 4.85 4.87 6.84 28.52 52.72 29.38
SV 355.4 38.53 721.8 1377. 319.1 49.73 23.57 23.74 46.81 813.2 2773 863.5
Kurtosis 10.63 8.68 2.23 0.52 -0.64 -0.30 0.32 2.70 0.73 1.93 6.03 -0.35
Skewness 2.99 2.29 1.41 1.18 0.17 0.01 0.45 1.72 0.98 1.64 2.26 0.80
Range 91.48 31.10 116.1 137.6 67.01 29.20 22.40 19.63 28.17 107.0 259.3 105.7
Min 0.00 0.00 8.00 27.00 15.18 7.35 6.81 12.57 6.82 8.53 22.98 8.69
Max 91.48 31.10 124.1 164.1 82.19 36.55 29.21 32.20 34.99 116.3 282.1 114.3
CI (95%) 6.91 2.28 9.86 13.61 6.55 2.59 1.78 1.79 2.51 10.46 19.34 10.78
Cv 1.60 1.10 0.71 0.53 0.36 0.32 0.28 0.27 0.42 0.81 0.60 0.63

SD: Standard deviation; Std E: Standard error; SV: Sample variance; CI: Coefficient of Interval; CV: Coefficient variance
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The linear trend of average minimum rainfall shows an oscillating tendency, y=0.101x + 168.34, R?=0.0079, with precipitation extremes ranging
from 50mm to 60mm in 2006 and 2023, respectively (Figure 11). Across the trend, the average minimum rainfall anomaly reached its lowest point
in 2009 and 2011, with precipitation quantities of 19mm and 20mm, respectively. Overall, the average minimum rainfall increased by 41mm during
30 years, representing a 68% rise.
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Figure 11: Average minimum rainfall (1990-2024)
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Table 7 shows the evolution of average maximum rainfall from 1994 to 2024 based on descriptive statistics. July had the lowest CV of 0.0019 and
SD of 0.54 compared to the mean (x=28.43). October showed the highest CV of 0.034 and SD of 1.70 from the mean (x=31.18). Computed
skewness ranges from -0.62 to 1.31, indicating a left-skewed (negative) distribution. The observed kurtosis readings show the highest kurtosis of
2.54 and the lowest kurtosis of -0.81 for the months of November and September. The leptokurtic distribution showed a higher chance of extreme
outcomes in average maximum rainfall in November.

Table 7: Average minimum rainfall (1990-2024)

Jan Feb Mar April May June July Aug Sep Oct Nov Dec
Average 34.27 35.18 34.40 31.72 30.01 28.88 28.43 28.79 29.77 31.18 31.6 32.6
Std Error 0.182 0.161 0.160 0.200 0.162 0.112 0.098 0.114 0.133 0.192 0.15 0.14
Median 34.30 35.22 34.50 31.58 30.06 28.92 28.40 28.84 29.66 31.33 31.4 32.5
SD 1.013 0.894 0.893 1.113 0.901 0.623 0.544 0.637 0.742 1.069 0.85 0.81
SV 1.026 0.800 0.798 1.240 0.811 0.389 0.296 0.406 0.551 1.143 0.72 0.66
Kurtosis 0.176 1.128 -0.225 -0.466 -0.669 -0.525 -0.494 -0.498 -0.809 -0.680 2.54 1.16
Skewness -0.622 -0.134 -0.418 0.320 0.126 0.050 0.250 -0.193 0.180 -0.204 1.31 0.29
Range 3.994 4.399 3.593 4.554 3.235 2.354 2.009 2.607 2.782 4.022 3.95 3.82
Min 31.97 33.07 32.20 29.82 28.50 27.74 27.57 27.47 28.41 29.23 30.3 30.8
Max 35.96 37.47 35.85 34.44 31.82 30.05 29.51 30.09 31.19 33.24 342 347
CI (95%) 0.371 0.328 0.328 0.408 0.330 0.229 0.200 0.234 0.272 0.392 0.31 0.29
Cv 0.030 0.025 0.026 0.035 0.030 0.022 0.019 0.022 0.025 0.034 0.027 0.025

SD: Standard deviation; Std E: Standard error; SV: Sample variance; CI: Coefficient of Interval; CV: Coefficient variance
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The linear trend of average maximum rainfall shows an oscillating tendency, y=1.7109x - 3249.1, R*=0.0916, with precipitation extremes ranging
from 250mm to 300mm in 1997 and 2020, respectively (Figure 12). Across the trend, the average maximum rainfall anomaly reached its lowest
point in 2003 and 2008, with precipitation totals of 110mm and 125mm. Overall, the combined increase in average maximum rainfall was 190mm,
a 62% increase over 30 years.
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Figure 12: Average maximum rainfall (1990-2024).
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A paired t-test was performed on meteorological data to determine whether there was a significant variance
in rainfall and temperature during the study period. The data was divided into two sets: the first set
contained measurements collected in the first two years (1994 and 1995), while the second set contained
measurements obtained in the last two years (2023 and 2024). The first test was conducted to determine the
difference in mean yearly rainfall between the first and last two years. The presumption was that rainfall
levels in the latter two years had been much lower than in the first two years of data collection.

The results of the rainfall variability t-tests (Table 8) reveal that the average rainfall for the first two years
was considerably lower than that of the last two years (t (-0.525,1.000) = 6.3138, P =0.3460). This suggests
that mean annual rainfall is gradually increasing throughout the southern coast.

Table 8: Mean annual rainfall T-Test

Mean Annual Rainfall 1994-1995 Mean Annual Rainfall 2023-2024

Mean 93.0884 102.6537
Variance 310.8979 1881.4109
Observations 2.0000 2.0000
Pearson Correlation 1.0000

Hypothesized Mean Difference 0.0000

Df 1.0000

t Stat -0.5255

P(T<=t) one-tail 0.3460

t Critical one-tail 6.3138

P(T<=t) two-tail 0.6920

t Critical two-tail 12.7062

Prior analysis revealed that the average maximum temperature in the study area had risen by 1.6°C over 30
years. The mean maximum temperature of the first and last two years was compared using the previously
indicated t-test method (Table 9). Based on the findings, it is clear that the maximum temperature over the
recent two years is considerably greater than the temperature over the previous two years (t (-5.2086,
1.0000) = 6.3138, P=0.0604).

Table 9: Average Maximum Temperature T-Test

Average Max temp 1994-1995 Average Max temp 2023-2024

Mean 30.8624 32.1500
Variance 0.0009 0.1017
Observations 2.0000 2.0000
Pearson Correlation -1.0000

Hypothesized Mean Difference 0.0000

Df 1.0000

t Stat -5.2086

P(T<=t) one-tail 0.0604

t Critical one-tail 6.3138

P(T<=t) two-tail 0.1208
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t Critical two-tail 12.7062

Similarly, the average minimum temperature was analysed to determine whether there was a difference
between the first and last two years, with the results displayed in Table 10. The data reveal that the average
minimum temperature over the last two years is considerably higher than in the first two years (t (--3.7226,
1.0000) = 6.3138, P=0.0835).

Table 10: Average Minimum Temperature T-Test

Average Min temp 1994-1995 Average Min temp 2023-2024

Mean 20.2667 21.1160
Variance 0.0088 0.0524
Observations 2.0000 2.0000
Pearson Correlation -1.0000
Hypothesized Mean Difference 0.0000
Df 1.0000
t Stat -3.7226
P(T<=t) one-tail 0.0835
t Critical one-tail 6.3138
P(T<=t) two-tail 0.1671
t Critical two-tail 12.7062
Conclusion

The paper sought to establish climate trends to better target climate adaptation for maritime cultural and
natural heritage in the south Kenya coast. The study concludes that climate variability is significant in the
study area. In 30 years, average maximum and minimum temperatures increased byl.7 °C and 1.4°C,
respectively, indicating hotter and colder cycles. The cumulative increase in average maximum and
minimum rainfall was 190mm and 19mm, representing a 62% and 68% increase over 30 years, respectively.
However, the low values of 600 mm of average mean rainfall recorded in the month of February and the
high quantities of 1600 mm recorded in May, fluctuate more between the 2015 to 2025 decade than the
2005 to 2015 and 1995 to 2005 decades, demonstrating greater unpredictability in rainfall patterns.

Overall, the unpredictability of short and long rainy seasons has increased during the last ten years
compared to the previous twenty. Furthermore, low R-square values have statistically significant
coefficients, indicating great variability around the regression line. Thus, smaller intervals are required
when presenting future climate trends for the long and short rainy seasons. Nonetheless, the need for
climate-sensitive adaptation measures is urgent, given that maritime cultural and natural heritage is under
threat from unprecedented climate change.

Recommendations

The Paris Agreement calls for the assessment of climate change impacts with a view to formulate holistic
actions geared towards climate adaptation. On the policy front, Kenya has formulated policies on climate
change to include: The Climate Change Response Strategy 2010; the National Climate Change Framework

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified




unesco

Kenya
National Commission

2958-7999, Vol. 6 (1) 2025
Establishing Climate Variability for Adaptation of Maritime Cultural and Natural Heritage to Climate Change in South Coast,

Kenya.

Policy of 2016; the National Adaptation Plan 2015-2030 and National Climate Change Action Plan 2020.
All these policies have since been enacted into law under the Climate Change Act of 2016. However, coastal
counties are yet to mainstream these climate change actions into adaptation and heritage planning processes.
To aid conservators, curators and urban planners in the adaptation of maritime heritage to climate change,
the paper recommends the following actions:

=  Map erosion hotspots and flood zones.

*  Monitor salt crystallization and cracks.

= Apply salt-resistant mortars and plasters.

*  Apply anti-corrosion treatments for metals.

= Improve site drainage and capillary breaks.

»  Adjust setbacks to protect sites from erosion.

= Restrict anchoring to stabilize sea grass beds.

= Control land use to safeguard forest ecosystems.
= Stabilize and consolidate low lying historic sites.
= Preserve salt marshes to reduce high wave action.
= Restore mangroves to reduce saltwater intrusion.
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