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Abstract: Anthropogenic climate change is a global trend, hitherto incontrovertible, causing immense
social and economic damage. Although the this is evident at the global level, at the local level, there
is still debate about the most appropriate analyses to support this fact. This debate is particularly
relevant in developing countries, such as Colombia, where there is a significant lack of data at the
local level that require analysis and interpretation. Consequently, studies are often superficially
conducted to support climate change theory at the local level. However, such studies are then used
to design hydraulic infrastructure, with potential catastrophic errors for human and environmental
health. In this study, we sought evidence of climate change through an analysis of a series of data on
temperature (maximum, mean and minimum), as well as total annual and maximum rainfall in 24 h
registered at the Rafael Nufiez Airport station in the city of Cartagena, Colombia, from 1941 to 2015.
The hypotheses of homogeneity, trend, stationarity and non-stationarity were analyzed. Problems
of non-homogeneity and the presence of periodicity in the analyzed series were found, showing a
trend and apparent non-stationarity in the original series. This could be associated with the effects of
climate change. In this case, no correlation was found between temperatures and rainfall. Spectral
analysis was performed for all series, and residual series were generated by extracting the harmonics
of greatest significance. It was found that the series data generated from the third harmonic are
generally stationary and without trend. Therefore, the trend and non-stationarity of the original
series are due to problems of non-homogeneity and periodicity in the series. In the results of the
stationarity test conducted according to the Phillips—Perron criterion, all series were non-stationary.
For the two additional criteria of stationarity tests, 40% were shown to be stationary, and 60% were
non-stationary. Specifically, non-homogeneity problems and apparent trends associated with climate
change could have negative implications for the design of drainage systems.

Keywords: climate change governance; climatic stationarity; climate in Latin America

1. Introduction

The effects of climate change have been mainly associated with the gradual change in
long-term average temperature. This hypothesis, which has been internationally proposed
and discussed [1], impacts the magnitude of average and extreme rainfall, as well as the
maximum intensities that are used in the design of engineering works. It has been argued
that climate change has increased the change in the natural limits of the environment,
creating more frequent extreme climate events.

Furthermore, it has been claimed that the effect of climate change on hydrological
series ruins the stationarity hypothesis, which has been questioned in recent years by
some authors, who stated that it has died and that it is impossible to revive it because
anthropogenic effects on the climate are increasing [2]. The concern is so great that in 2010,
an interinstitutional workshop involving entities that manage water in the United States

Water 2022, 14, 1378. https:/ /doi.org/10.3390/w14091378

https://www.mdpi.com/journal /water


https://doi.org/10.3390/w14091378
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0003-1345-9657
https://doi.org/10.3390/w14091378
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w14091378?type=check_update&version=1

Water 2022, 14, 1378

2 of 20

was proposed to discuss the issue of stationarity [3]. Some think that it was a premature
death [4], but other authors believe that stationarity is immortal, stating that the change
criterion has been confused with “non-stationarity” and that all hydrological models are
affected by uncertainty and must include a random component that is stationary [5]. The
concept that stationarity is dead was reaffirmed and clarified by several authors [6]; it was
argued that the term “non-stationarity” has been misused as a synonym for change and
that the stochastic dependence of the models has been interpreted as non-stationarity [7].

German Poveda and Alvarez (2012) [8] stated that “climate change, climate variability
and deforestation contribute to the collapse of the stationarity hypothesis”, generating
important implications for hydrological design. As an emergent criterion of analysis, Obey-
sekera and Salas (2014) [9] proposed the criterion of non-stationarity and non-homogeneous
distribution. The concept of the frequency of extreme events is created when the extreme
values are non-stationary [8-10]. Examples of these theories have been applied in sectors
of the city of Cartagena [11], considering non-stationary series.

In some regions [12], the local average temperature has been related to the extreme
daily values of precipitation, revealing that extreme rainfall events are related, with a high
probability, to temperatures of 30 °C. In most South Asian countries, general changes in
precipitation and temperature have produced alterations in water availability. As a general
phenomenon, it has been argued that in most countries in South Asia, the intensity of
rainfall has increased [13].

The rainfall patterns used for the design of drainage works [14] have been proposed
without considering climate change. However, it has been shown that rainfall can be
affected by temperature and that the maximum flow used for designs can also be affected.
In this study, we found that if an area is warmer, the rain pattern is less uniform, leading
to more intense peaks. In a study carried out in India [15], the authors suggested that
temporal trends in temperature affect the frequency and magnitude of the intensity of rain,
modifying the uniformity of rainfall.

According to a report of the Economic Commission for Latin America and the Caribbean
(CEPAL, abbreviated from the Spanish name) [16], gradual changes now occur that make it
difficult to separate climate change from the climate variability experienced in the past.

In the case of Colombia, several authors have searched for evidence of climate change
in the hydrological and climatic records [17], finding warming trends in the minimum
and average temperatures; however, the precipitation series did not show evidence of
climate change.

In response to the effect that climate change may have on hydrological design parame-
ters, the Ministry of Housing, City and Territory of the Republic of Colombia, in Article
135 of Resolution 0330 of 8 June 2017, highlighted the need to consider the intensity, the
effects of variability and climate change in Colombia in the calculations used for the design
of engineering works.

In the present study, we proposed to search for evidence of effects associated with
climate change in the records of the precipitation time series that could produce alterations
in the hydrological design parameters of engineering works at the local level. It should
be considered that Cartagena’s monitoring station suffered several changes in its location
instrumentation in the past. The data considered are time series of maximum rainfall in
24 h, total annual rainfall, annual minimum temperature, annual average temperature and
annual maximum temperature from 1941 to 2015 taken at the Rafael Nufiez Airport station
in the city of Cartagena, Colombia, provided by the Institute of Hydrology, Meteorology
and Environmental Studies (IDEAM, abbreviated from its name in Spanish).

2. Location of the Study Area

The study zone chosen was the city of Cartagena, located in the central region of the
Colombian Caribbean, at approximately 10°25'20” N, 75°32/25” W. Cartagena is a tourist
city and has been declared a Historical and Cultural Heritage of Humanity by UNESCO
(Figure 1).
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Figure 1. Location of the study area.

According to the climatological atlas of Colombia from the Colombian Institute of
Hydrology, Meteorology and Environmental Studies (IDEAM, for its initials in Spanish),
precipitation registers low volumes that do not exceed 1000 mm per year. The intra-annual
regime is approximately bimodal, with a main rainy season in September, October and
November and two dry seasons from December to April and in June-July. The average
number of rainy days during the year is 50 to 100. Due to its physiognomy, without major
mountainous accidents, the temperature distribution is very homogeneous, registering a
little more than 28 °C. According to the Caldas-Lang indices for climatic classification, the
climate presented is warm, semi-arid and semi-humid.

3. Methodology

For the study, the time series of the IDEAM station with the code name 14015020,
located at the Rafael Nufiez Airport in the city of Cartagena, Colombia, were selected. The
series of total annual rainfall, maximum rainfall in 24 h, minimum annual temperature,
mean annual temperature and maximum annual temperature were selected for the period
between 1941 and 2015. For statistical analysis of the series, XLSTAT® software was used.

The data were reviewed. There were some missing data, such as the maximum
temperature and minimum temperature for the years 1941, 1942 and 1960, as well as the
minimum temperature for the years 1951 and 1952. The missing data were filled using the
principle of conservation of the mean and variance to calculate the descriptive statistics
of all series. The initial trend of the series was analyzed with the original data, filling in
the missing data. A homogeneity test was performed on all series, considering the criteria
of Pettitt [18,19], SNHT [20,21], Buishand [22] and Von Neuman [23]. Additionally, three
stationarity tests were carried out: the Dickey—Fuller test [24], the Phillips—Perron test [25]
and the KPSS test [26,27]. The series were corrected for non-homogeneity. The Mann—
Kendall test was applied to analyze the trend [19,28,29]. A spectral analysis was performed
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on the series after correction for homogeneity to determine the significant periodicities of
the series.

In addition, the eight harmonic components that showed the greatest significance in
each of the series were selected. Residual series of analysis were generated by extracting
the periodic functions with the two most significant frequencies from the original series,
with three, four and eight significant frequencies. Finally, the stationarity and trend tests
used in the original series were applied to the series adjusted for non-homogeneity and to
the generated residual functions. In the literature, the Mann—-Kendall test has been used to
execute analyses of hydroclimatic trends and to detect seasonal and annual droughts in
a basin, revealing significant warming throughout the basin [30]. On the other hand, the
Mann-Kendall test has been used to detect the trend and change point in hydroclimatic
variables during a specific period in a basin, demonstrating good performance [31].

4. Results

The data series taken from IDEAM are shown in Appendix A, with the original data
presented in the series on the left. The values shaded in blue represent doubtful values,
whereas those in gray are the missing data. The series in green were filled with random
data that met the mean and variance.

In Table 1, the descriptive statistical parameters of the original series provided by
IDEAM are presented. It can be seen that the coefficients of variation of the maximum
rainfall in 24 h (P24) and the total annual rainfall (PT) are similar (0.40 and 0.46), and
the temperatures (mean, maximum and minimum) are lower (0.02, 0.05 and 0.06). The
temporal correlation coefficient shows an intermediate value for P24 and PT (0.39 and 0.45),
a significant value for the minimum temperature (Tmin) (0.66) and a very low correlation
with the mean and maximum temperature.

Table 1. Descriptive statistical parameters of the series under analysis.

P24 (mm) PT (mm) Tmean (°C) Tmax (°C) Tmin (°C)

Mean 94.62 942.78 27.82 35.53 20.86
Standard deviation 37.71 429.06 0.42 1.65 1.18
Variation coefficient 0.40 0.46 0.02 0.05 0.06
Temporal 0.39 0.45 0.00 ~0.09 0.66
correlation

P24 correlation - 0.71 —0.20 —0.15 0.33
PT correlation - - —0.27 —0.11 0.38

In Figure 2, the IDEAM data are presented for the maximum precipitation in 24 h (P24)
and the total annual precipitation (PT), plotted as a function of time, to which a linear func-
tion was fitted in order to visualize the trend. The results show low correlation coefficients
and an increase in the mean values of 0.68 mm per year for maximum precipitation in 24 h
(P24), as well as an increase of 8.85 mm per year for total annual precipitation (PT).

Figure 3 presents the maximum, mean and minimum temperatures, in degrees Celsius,
recorded at the Rafael Nufiez Airport station. To visualize the possible trends, a linear
function is presented. The series of maximum rainfall shows a very slight decreasing trend
of 0.0068 degrees per year. The series of mean temperatures tends to be constant, with
a slight decrease of 0.00004 degrees per year and very low correlations. The minimum
temperature shows a significant increase of 0.0357 °C per year and a significant coefficient
of determination (R2 = 0.4327).
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Figure 2. Representation of the IDEAM series for total precipitation in 24 h (P24) and for total annual
precipitation (PT).
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Figure 3. Representation of the time series of the maximum, mean and minimum temperatures
recorded at the Rafael Nufiez Airport station.

4.1. Homogeneity Tests

To evaluate the consistency of the historical data, XLSTAT software was used, and
the Pettitt, SNHT, Buishand and Von Neuman homogeneity tests were performed on the
P24, PT, Tmax, Tmean and Tmin series. In all cases, the results of the Pettitt, SNHT and
Buishand tests showed that the data are not homogeneous, with days on which there

were changes in the data. In one case, the tests showed homogeneity (P24, Von Neumann)
(Table 2).
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Table 2. Results of the homogeneity tests.

Pettitt SNHT Buishand Von Neumann
P24 0.0016 0.0027 0.0003 0.0685
PT 0.0004 0.0026 0.0007 0.0005
Tmax 0.0036 0.0276 0.0052 <0.0001
Tmean 0.012 0.000 0.005 <0.0001
Tmin <0.0001 <0.0001 <0.0001 <0.0001

a > 0.05: data are homogeneous; « < 0.05: there is a day when there is a change in the data.

The results of the Buishand homogeneity test for P24 and PT are shown in Figure 4.
The mean P24 in the period between 1941 and 1968 was 73.075 mm, and for the period
from 1969 to 2015, it was 107.451 mm. For the PT, in the period from 1941 to 1968, the mean
value was 705.304 mm (u1), and between 1969 and 2015, the mean value was 1084 mm (u2).
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Figure 4. Results of the Buishand test for (a) P24 and (b) PT.
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The results of the Buishand homogeneity test are shown for Tmax and Tmean. The mean
value of Tmax between 1941 and 1970 was 36.296 °C, and between 1971 and 2015, it was
35.016 °C. For the Tmean, in the period between 1941 and 1958, it showed a mean value of
28.150 °C (u1), and for the period from 1959 to 2015, the mean value was 27.716 °C (n2).

The results of the Buishand homogeneity test are shown for the minimum temperature
(Tmin). The mean value of Tmin between 1941 and 1974 was 19.882 °C (u1), and between
1975 and 2015, the mean value was 21.620 °C (u2).

These results show the non-homogeneity of the series, in which the total annual rainfall
(PT) and the maximum rainfall in 24 h (P24) increased significantly (mean value) around
the year 1968. The maximum temperature shows a sharp decline around the year 1970.
Similarly, the average temperature shows a sharp decrease around 1958. However, the min-
imum temperature shows a sharp increase around the year 1974. These non-homogeneities
are associated with changes in the location of the station or in instrumentation, among
other aspects [32].

4.2. Tests of Stationarity and Trend

Using XLSTAT software, three tests of stationarity were performed (the Dickey—Fuller
test, the Phillips—Perron test and the KPSS test) on the PT, P24, Tmax, Tmean and Tmin se-
ries. The results are shown in Table 3. According to the test results for the PT series, for two
criteria (Dickey—Fuller and KPSS), the series was stationary, but for the Phillips—Perron cri-
terion, the series was non-stationary. For the P24 series, two criteria showed results of non-
stationarity (Dickey—Fuller and Phillips—Perron), and one showed stationarity (KPSS). For
the maximum and mean temperature series, all the criteria showed non-stationarity results.
For the minimum temperature series, two criteria showed non-stationarity (Dickey-Fuller
and Phillips—Perron), and the KPSS criterion showed that the series was stationary.

Table 3. Results of the stationarity and trend tests for the PT, P24, Tmax, Tmean and Tmin series.

Stationarity Trend
Variable Dickey-Fuller Phillips—Perron KPSS Mann-Kendall
Total Precipitation (PT)(mm)  Stationary Not stationary Stationary Trend
Maximum rainfall in 24 h . . .
(P24)(mm) Not stationary Not stationary Stationary Trend
Annual maximum . . .
temperature (Tmax)(°C) Not stationary Not stationary Not stationary No trend
Average annual temperature . . .
(Tmean)(°C) Not stationary Not stationary Not stationary No trend
Annual minimum Not stationary Not stationary Stationary Trend

temperature (Tmin)(°C)

According to the Mann—Kendall criterion, the series of total precipitation (PT), maxi-
mum precipitation in 24 h (P24) and minimum temperature (Tmin) showed trends, whereas
the series of maximum temperature (ITmax) and average temperature (Tmean) showed
no trend.

According to the results of the stationarity test obtained with the Phillips—Perron
criterion, all series were non-stationary. For the two additional stationarity tests, 40% were
shown to be stationary and 60% were non-stationary. For the Mann-Kendall trend test,
60% had a trending series, and 40% were trendless.

It is interesting to compare some case studies in the literature with the present results.
Viloria-Marimon et al. (2019) evaluated the trend of 19 registered series of maximum rainfall
in 24 h from the department of Atlantico, Colombia. They found that 10 series showed
increasing trends, and eight series showed decreasing trends. Additionally, they estimated
the maximum rainfall in 24 h, applying the criteria of stationarity and non-stationarity
regardless of whether the series were stationary or not. In a similar way, Tekleab et al.
(2013) analyzed the hydroclimatic trends in the upper part of the Blue Nile basin in Ethiopia.
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They found heterogeneous results, where the mean temperature had increased (0.3 °C in
the rainy season and 0.6 °C in the dry season) but the time series of precipitation did not
show statistically significant trends. Finally, Gonzalez-Alvarez et al. (2018), analyzing the
24 h precipitation series at the Rafael Nufiez Airport station of Cartagena (the same series
analyzed in this work), identified a trend over time. Therefore, they proposed the use of the
frequency criterion for evaluating non-stationary and stationary conditions, showing that
the non-stationary condition better represented the series. The estimates of the maximum
precipitation in 24 h were higher (6-44%) than the estimates with stationarity. However, the
series presented homogeneity problems (Figure 3), which generated the apparent trend.

4.3. Correction for Non-Homogeneity

Considering that all the analyzed series presented homogeneity problems, they were
adjusted to coincide with the final section of the series. The series of adjusted temper-
atures were labeled as Tmax-R, -R, Tmin-R, P24-C and PT-C. To correct the series for
non-homogeneity, the following equation was used (1):

X

Xl = =L 82(X) + X5 1)

S1(X)

where X is the value adjusted for non-homogeneity, x; is the initial value of the subseries
used to adjust for non-homogeneity, X; is the mean value of subseries 1, X, is the mean
value of subseries 2, S1(X) is the standard deviation of subseries 1 and S2(X) is the
standard deviation of subseries 2.

Table 4 shows how the temporal correlation of the minimum temperature decreases
to almost zero after correction for homogeneity. The correlations of the maximum rainfall
in 24 h and the total rainfall with the minimum temperature, after correcting for non-
homogeneity, decreased by more than 100%. A higher temporal correlation value appears
for the maximum (0.26) and mean (0.35) temperatures after correcting for non-homogeneity.
For the correlation of the maximum rainfall in 24 h and the total annual rainfall with
the mean temperature, the two analyses showed similar results. The correlation of the
maximum precipitation in 24 h and the total annual precipitation with the maximum
temperature tended to zero after adjusting the series for non-homogeneity.

Table 4. Effects of non-homogeneity on the statistical parameters of the series. See Table 1 for the
original series and Appendix A for the complete data.

Series Adjusted for Non-Homogeneity

P24-C (mm) PT-C (mm) Tmean-R (°C) Tmax-R (°C) Tmin-R (°C)
Mean 107.45 1084.25 27.72 35.02 21.62
Standard deviation 38.78 435.53 0.39 1.49 0.74
Variation 0.36 0.40 0.01 0.04 0.03
coefficient
Temporal 0.04 0.12 0.35 0.26 0.08
correlation
Correlation with
P24-C 0.66 —0.24 —0.03 0.10
Correlation with 0.8 0.04 017

PT-C

Non-homogeneity alters the statistical parameters of the series and the cross-correlations
between them, which can lead to biased interpretations.

In analyses of the series of total annual precipitation and maximum precipitation in
24 h, as well as maximum, average and minimum temperatures, at the Rafael Nufiez Airport
station in the city of Cartagena from 1941 to 2015, it can be seen that there is a significant
correlation between maximum rainfall in 24 h and total annual precipitation (0.66).
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Additionally, all the series presented non-homogeneity problems. The non-homogeneity
of the minimum temperature series suggests a significant temporal correlation (0.66) and an
intermediate correlation (0.33, 0.38) with the maximum precipitation in 24 h and with the
total annual precipitation. These correlations tended to low values when non-homogeneity
correction was applied.

The mean temperature showed an intermediate temporal correlation (0.35) and nega-
tive correlations with the maximum precipitation in 24 h (—0.24) and with the total annual
precipitation (—0.28). Ultimately, non-homogeneity tests are one of the most important tests
in climate studies. To obtain reliable results, meteorological data must be homogeneous [32].

4.4. Periodicity Analysis

To identify the periodic components of the series corrected for homogeneity, we
subjected them to spectral analysis using XLSTAT software.

In Table 5, the results for each series of the periodograms are shown. The most
important values for determining the periodic frequencies are highlighted in different
colors. The highest values are shown in red, the second highest values in yellow and
the third highest values in green. The values shaded in blue represent doubtful values,
whereas those in gray are the missing data, the values shaded in blue represent doubtful
values, finally, the series in light green were filled with random data that met the mean
and variance.

The results show predominant periodicities in the series for periods of 75 and 37.5 years,
around 15 and 18.75 years, around 10 years, around 5 years and around 3.75 years. The
weighted sum column refers to the sum of the values of the maximum precipitation in 24 h
plus the values corresponding to the total precipitation plus the values corresponding to
the average of the values recorded for average, maximum and minimum temperatures.
According to this criterion, the frequency of greatest significance is 3.75 years, followed by
37.5 years and, in descending order, 75, 4.69 and 6.25 years.

The eight frequencies with the highest intensities were selected for analysis. For each
of the selected frequencies, its harmonic components were calculated, and the periodic
functions of each frequency were generated. A residual function consisting of the original
function minus the periodic functions selected from the spectral analysis was generated.
For example, the Residual 8 function was obtained as the original series minus the eight
periodic series generated with the eight highest-valued frequencies. Similarly, Residual
Series 4 was the result of subtracting the four most important periodic series obtained from
the spectral analysis from the original series. Residual series were generated and named
Residual 8, Residual 4, Residual 3 and Residual 2 for each of the variables.

For the specific case of the series of maximum rainfall in 24 h (P24-C), the order
of importance of the frequencies existing in the series according to the spectral analysis,
from highest to lowest, is 3.75 years, 15.22 and 2.42 years, 7.68 and 18.75 years, 7.42 and
4.69 years, 6.57 and 3.41 years, 5.84 and 5 years, 4.13 and 2.08 years, 4.71 and 3.26 years, and
3.7 years. Therefore, the Residual 8 series is equal to the series of maximum precipitation
in 24 h (P24-C) minus the eight periodic series with frequencies of 3.75, 2.42, 18.75, 4.69,
3.41, 5,2.08 and 3.26 years. The Residual 4 series corresponds to the series of maximum
precipitation in 24 h (P24-C) minus the four periodic series with frequencies of 3.75, 2.42,
18.75 and 4.69 years, and so on for the Residual 3 and Residual 2 series.

The frequencies that showed the strongest signals in the spectral analysis for all the
series were 75, 37.5, 18.75, 15.6. 25, 5, 4.69, 3.75, 3.41, 2.88 and 2.42 years.

By considering the weighted sum of the signal of each series, we found that the
periodic frequencies of greatest significance, in descending order, were 3.75 years, followed
by 37.5,75,4.69 and 6.25 years (the five largest). All the series analyzed from the second
harmonic showed no trend.
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Table 5. Summary of the periodogram resulting from the spectral analysis, expressed as a percentage
for each series analyzed (based on XLSTAT results).

Periodicity P24-C (%) PT-C (%) TmaxR (%)  TmeanR(%)  Tmin-R(%) eghtedSum
(Years) (%)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
75.00 061 1.88 6.80 5.01 17.46
3750 230 15.24 318 25.01
25.00 328 581 392 0.82 3.62 11.87
18.75 7.42 3.78 1.77 0.25 254 12.72
15. 00 022 5.28 8.46 472 3.36 11.01
12.50 1.33 277 1.42 559 2.80 7.37
1071 3.40 295 633 222 1.19 9.60
9.38 016 0.07 3.03 215 10.49 5.46
8.33 257 3.49 3.64 1.76 013 7.90
7.50 039 256 1.48 0.05 1.00 379
6.2 041 0.6 0.49 0.25 577 325
625 336 7.93 221 281 207 13.65
577 0.05 1.03 0.89 534 054 333
5.36 225 037 241 0.87 061 392
5.00 413 613 1.08 611 242 13.46
469 657 3.42 078 071 I 145
441 217 021 0.10 131 416 424
417 047 0.24 324 111 0.80 243
3.95 1.98 200 091 0.82 659 6.75
575 DR Y 1.82 1.56 352
357 274 218 457 496 0.68 8.33
3.41 5.84 1.34 151 021 7.06 10.10
3.26 3.70 1.30 1.54 0.68 1.77 6.33
313 1.82 5.64 078 0.07 1.40 8.21
3.00 3.06 1.78 076 0.36 0.49 538
288 031 6.45 3.66 204 1.01 9.00
2.78 063 0.38 596 0.03 0.46 315
268 1.71 0.90 1.24 0.02 3.06 405
259 1.6 110 1.08 0.26 074 3.46
2.50 086 0.84 5.28 116 1.28 427
242 7.68 021 259 0.76 094 931
234 1.09 0.80 020 0.48 323 320
227 259 0.84 0.40 0.04 0.08 3.60
221 073 112 053 0.74 0.05 229
214 017 0.67 3.04 0.83 1.24 254
2.08 471 0.65 1.18 0.16 0.68 6.03
203 241 209 317 0.42 372 6.94

A significant presence of frequencies of 3.75 and 4.69 years was found, which could be
considered to be part of the anomalies of the Pacific and tropical Atlantic. In the maximum
rainfall in 24 h, the frequency of 2.42 years appears, which could be associated with the
quasi-biennial oscillation of the zonal wind in the lower stratosphere, whereas the frequency
of 18.75 is associated with the Pacific decadal oscillation. The 4-5-year signal associated
with the tropical Pacific and Atlantic anomalies is marked in the minimum temperature
series with frequencies of 3.95, 4.41 and 4.69 years. The frequency of 37.5 years is marked
in the series for total annual precipitation, as well as maximum and mean temperature.

In studies of the time series of aquifers [33] using piezometers, for example, cyclicities
(11-22 years) related to solar cycles of 11 and 3.2 years associated with the North Atlantic
oscillation (NAO) were found.

Rodriguez and Llasat (1997) [34] analyzed the monthly precipitation series of Barcelona
(Spain) between 1850 and 1991. They found a trend of increasing precipitation. A semi-
annual periodicity (0.5 years) and two periodicities between 6.0 and 7.2 years and 19 to
24 years with little amplitude and no real meaning were found.
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Figure 5 shows the curves of maximum precipitation in 24 h and Residuals 8, 4, 3 and
2 with their respective trend lines. The smallest slope of the residual series is represented
by Residual 3.
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Figure 5. Maximum precipitation in 24 h and Residuals 2, 3, 4 and 8.

For the series of total annual precipitation, the frequencies with the greatest intensity
are, in decreasing order, 37.5, 3.75, 6.25, 2.88, 5, 25, 3.13 and 15 years. The Residual 8 series
for total annual precipitation is the total annual precipitation series (PT-C) minus the eight
periodic series with frequencies of 37.5, 3.75, 6.25, 2.88, 5, 25, 3.13 and 15 years. The other
residual series are constructed in a similar way.

Similar analyses were carried out for the other series. The results for the total annual
precipitation and Residuals 8, 4, 3 and 2 are shown, with their respective trend lines and
the linear function calculated for each series. The smallest slope of the residual series is
represented by Residual 2, followed by Residual 3.

For the mean temperature, the predominant frequencies, in order of importance, are
75,37.5,5,12.5,5.77,3.57, 15 and 6.25 years. The slopes of the lines of the residual series are
lower than the slope of the original series.

For maximum temperature, the frequencies of the greatest significance, in descending
order, are 37.5, 15, 75, 10.71, 2.78, 2.5, 3.57 and 25 years. The decrease in the slopes of the
residual series is appreciable compared with the original series.

For the minimum temperature, the frequencies of the greatest significance determined
by spectral analysis are 4.69, 9.38, 3.41, 3.95, 6.82, 75, 4.41 and 2.03 years. The slopes of
the original function and the residual functions remained at values of a similar magnitude.
The minimum temperatures showed different frequency signals from the other series in
general terms.

In summary (Table 5), the total annual precipitation, the maximum temperature
and the average temperature showed a significant frequency of 37.5 years. Maximum
rainfall in 24 h and minimum temperature showed significant frequency signals of 4.69 and
3.41 years, respectively.

The slope of the trend line showed a general trend of a decrease compared with the
number of harmonics considered (Table 6). Only the maximum precipitation in 24 h showed
different behavior. Up to the third harmonic, all slopes decreased.
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Table 6. Slope of the trend line of each series analyzed.

Harmonics Tmin-R Tmax-R Tmean-R PT-C P24-C
0 0.0026 0.0176 0.0062 2.3824 0.0656
2 0.0034 0.0058 0.0003 0.1308 0.053
3 0.0017 0.0084 0.0004 0.4191 0.0382
4 0.0021 0.0057 0.0009 0.5688 0.0588
8 0.0019 0.0044 0.0003 —1.1996 0.0807

4.5. Effect of Periodicity on Stationarity and Trends

Here, we describe the results of the stationarity and trend tests applied to all the
initial series (PT, P24, Tmax, Tmean and Tmin), those adjusted for non-homogeneity (PT-C,
P24-C, Tmax-R, Tmean-R and Tmin-R) and their corresponding residuals (Residual 2 (R2),
Residual 3 (R3), Residual 4 (R4) and Residual 8 (R8)).

In Appendix B, the results of the stationarity and trend tests are shown for total
precipitation (PT); adjusted total precipitation (PT-C); and the corresponding residual
functions with two harmonics (PTC-R2), three harmonics (PTC-R3), four harmonics (PTC-
R4) and eight harmonics (PTC-R8). Likewise, stationarity and trend tests were carried out
for the other series under study (P24, P24-C, P24-C-R2, P24-C-R3, P24-C-R4 and P24-C-R8
for total rainfall in 24 h and all temperature series (maximum, mean and minimum)), as
shown in Appendix B. According to the results of the Phillips—Perron test, all the series
are non-stationary. Therefore, this test was not sensitive in the case of our study and was
considered in the analysis of the results.

According to the Dickey—Fuller test, the original series of total precipitation was
stationary after adjustment for non-homogeneity. When the periodicities (two, three, four
and eight harmonics) were extracted, stationary series were revealed. According to the
KPSS test, all total precipitation series were stationary. The Mann-Kendall trend tests
showed that the original series of total precipitation had a trend, but after adjustment for
non-homogeneity, no trend was recorded for any of the residual series.

The original series of maximum precipitation in 24 h was non-stationary according
to the Dickey—Fuller test. On the other hand, when it was adjusted for non-homogeneity,
the result was stationary, and when the periodicities (two, three, four and eight harmonics)
were extracted, the result showed a stationary series. According to the KPSS test, all 24 h
precipitation series were stationary. The Mann-Kendall trend test showed that the original
24-h precipitation series had a trend, but after it was adjusted for non-homogeneity, no
trend was recorded in any of the residual series.

Moreover, according to the Dickey—Fuller test for the original maximum tempera-
ture series adjusted for non-homogeneity and after two harmonics (Residual 2) had been
extracted, a non-stationary series was found. The series corresponding to Residuals 3,
4 and 8 are stationary. The KPSS test gave non-stationary results both for the original
maximum temperature series and the series adjusted for non-homogeneity. The series of
Residuals 2, 3, 4 and 8 gave stationary results. The Mann—Kendall trend tests showed that
for all series, no trends were recorded.

The results of the Dickey—Fuller test showed a non-stationary series both for the
original mean temperature series, as well as the series adjusted for non-homogeneity. The
series corresponding to Residuals 2, 3, 4 and 8 provided stationary results. According to the
KPSS test, the original mean temperature series and the series adjusted for non-homogeneity
showed non-stationarity results. The series of Residuals 2, 3, 4 and 8 showed stationary
results. The Mann—Kendall trend tests showed that in the series of mean temperature
adjusted for non-homogeneity, there was a trend, whereas in the other series, no trend
was found.

Finally, according to the Dickey—Fuller test for the minimum temperature series ad-
justed for non-homogeneity, the result was a stationary series. The other series gave
non-stationary results. According to the KPSS test, all the minimum temperature series
gave results of stationarity. The series of Residuals 2, 3, 4 and 8 gave stationary results.
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The Mann-Kendall trend tests showed a trend in the original minimum temperature series,
whereas in the other cases, no trend was shown.

In summary, all the series were insensitive to the Phillips—Perron criterion because all
the series in any condition were non-stationary. Here, 60% of the original series (PT, P24,
Tmax, Tmean and Tmin) were shown to be non-stationary, and 40% were stationary. In
60% of the cases, a trend was shown. When the series were adjusted for non-homogeneity
(PT-C, P24-C, Tmax-R, Tmean-R and Tmin-R), 50% remained non-stationary, and the other
50% were stationary. In this case, only 20% showed a trend, revealing the strong impact of
non-homogeneity on the trend.

After extraction of the two harmonics of the greatest significance from the series, the
percentage of non-stationary series was 20%, 80% were stationary and no series showed a
trend. After extraction of the three, four and eight harmonics of greatest significance from
the series, 10% of the series displayed non-stationarity, and 90% were stationary. None of
the series showed a trend (Appendix C).

In earlier work, Viloria-Marimoén et al. (2019) [35] studied the maximum precipitation
data in 19 pluviographs in a region of Colombia. They evaluated the trends of the series and
found positive and negative trends. Additionally, they applied the concepts of frequency
for stationary and non-stationary series, estimating the values of maximum precipitation
in 24 h for different return periods. However, the homogeneity of the series and the
periodicity contained in the records, which could affect the reliability of the results, were
not considered [32]. When these adjustments are not applied, apparent trends can be
obtained. In the case of negative trends, this could lead to underestimations of the design
parameters, leaving communities exposed and vulnerable to the original problem. In the
opposite case, an overestimation of the design parameters could lead to negative economic
consequences for the designs [36].

5. Discussion

For the stationarity test, we applied several criteria. The results obtained with the
Phillips—Perron criterion were all non-stationary series; when the two additional criteria
were applied, the results obtained were 40% stationary and 60% non-stationary; and when
the Mann—-Kendall criterion was applied, 60% were found to be trending series, and 40%
were trendless.

It is interesting to compare some case studies in the literature with the present results.
As previously mentioned, the work by Viloria-Marimén et al. (2019) [35] evaluated the trend
of 19 registered series of maximum rainfall in 24 h in the department of Atlantico, Colombia.
They found that 10 series showed increasing trends, whereas eight series showed decreasing
trends. Additionally, they estimated the maximum rainfall in 24 h by applying criteria of
stationarity and non-stationarity, regardless of whether the series were stationary or not.
In a similar way, Tekleab et al. (2013) [19] analyzed the hydroclimatic trends in the upper
part of the Blue Nile basin in Ethiopia. They found heterogeneous results, where the mean
temperature had increased (0.3 °C in the rainy season and 0.6 °C in the dry season) but the
time series of precipitation did not show statistically significant trends. Finally, Gonzalez-
Alvarez et al. (2018) [11] evaluated the 24 h precipitation series at the Rafael Nufiez Airport
station of Cartagena and identified a trend over time. Consequently, they proposed the use
of the frequency criterion for non-stationary and stationary conditions, showing that the
non-stationary condition better represents the series. Nevertheless, according to the results
of this research, this is an apparent trend.

Therefore, non-homogeneity problems and apparent trends associated with climate
change could have negative implications for the design of drainage systems. There is a
growing tendency to claim that the theory of non-stationarity has died due to the effects of
climate change. This has led to inadequate legislation in some countries, such as Colombia,
forcing engineers to apply new and developing calculation hypotheses.

The main limitation of this study is the data, as they were obtained from a single station.
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6. Conclusions

The objective of the present work was to analyze descriptive statistical parameters as
basic elements for making decisions about the effects of climate change in an undeveloped
area in Latin America and to realize a statistical analysis of a time series of the basic
weather parameters in the city of Cartagena normally used to design drainage systems.
Currently, the stationarity criterion is in force for calculating the hydrological design
parameters of the Rafael Nuinez Airport station in the city of Cartagena. In the case of this
study, a non-homogeneity problem was highlighted, producing apparent trends possibly
associated with climate change effects. Nevertheless, the studied series are non-stationary,
and a new paradigm is most likely required for estimating the design parameters of
engineering works.

The series are non-stationary due to the omission of homogeneity and a periodicity
analysis of the original series. This could lead to misevaluated engineering design parame-
ters, which could result in unpredictable negative consequences. Finally, the apparent trend
shown by the original series is due to problems of non-homogeneity and the influence of
periodicity (climate variability), whereby no evidence of climate change effects was found.

Author Contributions: Conceptualization, A.A.-P., M.S. and A.P.A.; methodology, A.A.-P.,, M.S. and
A.P.A; software, A.A.-P,; validation, A.A.-P; formal analysis, A.A.-P.,; investigation, A.A.-P., M.S. and
A.PA,; resources, A.A.-P.,, M.S. and A.P.A ; data curation, M.S.; writing—original draft preparation,
A.A.-P. and M.S,; writing—review and editing, M.S.; visualization, M.S.; supervision, M.S.; project
administration, M.S.; funding acquisition, A.A.-P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available upon reasonable request.

Acknowledgments: The authors would like to acknowledge the IDEAM for providing the data on
which this study was based.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table Al. Complete data of the series.

Information Taken from IDEAM

Information Taken from IDEAM (Filling in Missing Data)

Years P24 PT Tmean Tmax Tmin Years P24 PT Tmean Tmax Tmin
1941 60 103.4 28.8 1941 60 103.4 28.8 33.87 19.67
1942 35 530.2 28.5 1942 35 530.2 28.5 37.18 22.05
1943 30 100.9 28.5 37 20.4 1943 30 100.9 28.5 37 20.4
1944 89 608.2 28.3 35 20 1944 89 608.2 28.3 35 20
1945 71 557.6 28.2 34.6 194 1945 71 557.6 28.2 34.6 194
1946 60 305.2 28.3 35 194 1946 60 305.2 28.3 35 19.4
1947 60.1 564.1 28.3 36.4 20 1947 60.1 564.1 28.3 36.4 20
1948 107 717.8 28.1 36.8 20.6 1948 107 717.8 28.1 36.8 20.6
1949 53.5 712.7 27.8 375 20 1949 53.5 712.7 27.8 375 20
1950 85 829.1 27.6 37 21 1950 85 829.1 27.6 37 21
1951 93 730.3 28.3 37 1951 93 730.3 28.3 37 22.05
1952 41 462.3 28.5 36.6 1952 41 462.3 28.5 36.6 19.67
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Table Al. Cont.

Information Taken from IDEAM

Information Taken from IDEAM (Filling in Missing Data)

Years P24 PT Tmean Tmax Tmin Years P24 PT Tmean Tmax Tmin
1953 51 301.2 28.3 355 19 1953 51 301.2 28.3 35.5 19
1954 90.1 784.4 27.9 36 19 1954 90.1 784.4 27.9 36 19
1955 110.1 1157.3 27.6 34 20 1955 110.1 1157.3 27.6 34 20
1956 95 964.7 27.6 34 19 1956 95 964.7 27.6 34 19
1957 40 369.9 28 35.5 18 1957 40 369.9 28 35.5 18
1958 109.3 890.6 28.1 345 19.5 1958 109.3 890.6 28.1 34.5 19.5
1959 68 611.6 27.3 36.5 20.5 1959 68 611.6 27.3 36.5 20.5
1960 109 1232.2 27 1960 109 1232.2 27 35.53 20.86
1961 65 955.6 27.2 35 19 1961 65 955.6 27.2 35 19
1962 75 884.8 27.3 38 19 1962 75 884.8 27.3 38 19
1963 59 889.2 27.7 38 20 1963 59 889.2 27.7 38 20
1964 69 892.4 27.2 39 20 1964 69 892.4 27.2 39 20
1965 89 856.8 27.4 40 20 1965 89 856.8 274 40 20
1966 76 1039.1 27.6 37 20 1966 76 1039.1 27.6 37 20
1967 67 856.9 27.3 34.4 18.5 1967 67 856.9 27.3 34.4 18.5
1968 89 840 27.7 39 19 1968 89 840 27.7 39 19
1969 129 1518.1 28.1 36 214 1969 129 1518.1 28.1 36 214
1970 157 1574.4 28 37 21 1970 157 1574.4 28 37 21
1971 104.7 926.4 274 34 19 1971 104.7 926.4 274 34 19
1972 120 697.1 27.8 36.2 20.6 1972 120 697.1 27.8 36.2 20.6
1973 74.1 1358.3 27.6 34.6 20.4 1973 74.1 1358.3 27.6 34.6 20.4
1974 126.4 793.8 27.1 34.2 20 1974 126.4 793.8 27.1 34.2 20
1975 101.6 1126.8 27 33.2 21 1975 101.6 1126.8 27 33.2 21
1976 54.4 711.7 27.3 33.4 21 1976 54.4 711.7 27.3 33.4 21
1977 60.5 582.2 27.7 34 21.6 1977 60.5 582.2 27.7 34 21.6
1978 68.6 994.6 27.8 34.2 21.8 1978 68.6 994.6 27.8 34.2 21.8
1979 120.7 1497.5 27.7 34.2 22.8 1979 120.7 1497.5 27.7 34.2 22.8
1980 135.9 1041.4 27.8 35.4 21.2 1980 135.9 10414 27.8 354 21.2
1981 124.4 1340.1 27.9 33.7 20.2 1981 124.4 1340.1 27.9 33.7 20.2
1982 98 878.3 27.6 33 20.6 1982 98 878.3 27.6 33 20.6
1983 63.4 349.1 28.2 35.3 22.1 1983 63.4 349.1 28.2 35.3 22.1
1984 102.7 1130.9 27.3 33.6 20.8 1984 102.7 1130.9 27.3 33.6 20.8
1985 164.5 1219.2 27.1 35.2 21 1985 164.5 1219.2 27.1 35.2 21
1986 64.9 692.5 27.3 33.8 22 1986 64.9 692.5 27.3 33.8 22
1987 171.3 1350.8 27.9 34.4 21.7 1987 171.3 1350.8 27.9 34.4 21.7
1988 115 1433.7 274 33.3 21.9 1988 115 1433.7 274 33.3 21.9
1989 201.8 1378 27.2 33.5 21 1989 201.8 1378 27.2 335 21
1990 77.8 805.6 27.5 35.2 20.8 1990 77.8 805.6 27.5 35.2 20.8
1991 325 378.3 27.6 33.8 21.6 1991 325 378.3 27.6 33.8 21.6
1992 161.5 1053 27.6 34.1 21.6 1992 161.5 1053 27.6 34.1 21.6
1993 133.4 1165.2 27.9 34.2 22.6 1993 133.4 1165.2 27.9 34.2 22.6
1994 54.8 788.5 27.6 34.6 20.8 1994 54.8 788.5 27.6 34.6 20.8
1995 76.3 1668.6 27.9 36.2 22 1995 76.3 1668.6 27.9 36.2 22
1996 99.4 1168 27.7 35.2 22 1996 99.4 1168 27.7 35.2 22
1997 99.6 712.7 27.8 36.8 21.8 1997 99.6 712.7 27.8 36.8 21.8
1998 85.6 880.2 28.3 36.1 23 1998 85.6 880.2 28.3 36.1 23
1999 108.5 1532.9 27.5 34.2 22 1999 108.5 1532.9 27.5 34.2 22
2000 116.2 823.3 27.5 34 20.8 2000 116.2 823.3 27.5 34 20.8
2001 76.2 922.8 27.7 35.6 20.5 2001 76.2 922.8 27.7 35.6 20.5
2002 73.5 689.6 28.1 35 20.4 2002 73.5 689.6 28.1 35 20.4
2003 161.8 1178.9 28.1 35.1 22.1 2003 161.8 1178.9 28.1 35.1 22.1
2004 149 14239 27.8 35.6 20.4 2004 149 14239 27.8 35.6 20.4
2005 76.4 1091.3 28.3 354 21.6 2005 76.4 1091.3 28.3 35.4 21.6
2006 122.3 1061.7 28.2 354 224 2006 122.3 1061.7 28.2 354 224
2007 183.1 1895.9 28 39.8 224 2007 183.1 1895.9 28 39.8 22.4
2008 95.3 1022.7 27.8 34.8 21 2008 95.3 1022.7 27.8 34.8 21




Water 2022, 14, 1378 16 of 20

Table Al. Cont.

Information Taken from IDEAM Information Taken from IDEAM (Filling in Missing Data)

Years P24 PT Tmean Tmax Tmin Years P24 PT Tmean Tmax Tmin
2009 61.3 660.7 28.3 36.2 22.6 2009 61.3 660.7 28.3 36.2 22.6
2010 150.7 2469.2 28.2 35 22.4 2010 150.7 2469.2 28.2 35 22.4
2011 146.1 2130.2 28 354 22.6 2011 146.1 2130.2 28 35.4 22.6
2012 94.2 988.5 28.2 36 21.6 2012 94.2 988.5 28.2 36 21.6
2013 88 853.7 28.3 35 224 2013 88 853.7 28.3 35 224
2014 116 627.2 28.4 37.4 22.3 2014 116 627.2 28.4 37.4 22.3
2015 51.8 372.3 28.6 40.4 22 2015 51.8 372.3 28.6 40.4 22

Appendix B

Table A2. Results of the stationarity and trend tests for total precipitation (PT-C) and the residual
functions with two harmonics (PTC-R2), three harmonics (PTC-R3), four harmonics (PTC-R4) and

eight harmonics (PTC-RS).

Stationarity Trend
Description of the Variable Variable Dickey-Fuller Phillips—-Perron KPSS Mann-Kendall
Total precipitation PT Stationary Not stationary Stationary Trend
Total precipitation a.d]usted PT-C Not stationary Not stationary Stationary No trend
for homogeneity
Total precipitation adjusted . . .
for homogeneity, Residual 2 PT-C-R2 Stationary Not stationary Stationary No trend
Total precipitation adjusted . . .
for homogeneity, Residual 3 PT-C-R3 Stationary Not stationary Stationary No trend
Total precipitation adjusted . . .
for homogeneity, Residual 4 PT-C-R4 Stationary Not stationary Stationary No trend
Total Precipitation adjusted . . .
for homogeneity, Residual 8 PT-C-R8 Stationary Not stationary Stationary No trend
Maximum rainfall in 24 h P24 Not stationary Not stationary Stationary Trend
Maximum rainfall in 24 h . . .
adiusted for homogeneity P24-C Stationary Not stationary Stationary No trend
Maximum precipitation in
24 h (P24) adjusted for P24-C-R2 Stationary Not stationary Stationary No trend
homogeneity, Residual 2
Maximum precipitation in24
h (P24) adjusted for P24-C-R3 Stationary Not stationary Stationary No trend
homogeneity, Residual 3
Maximum precipitation in
24 h (P24) adjusted for P24-C-R4 Stationary Not stationary Stationary No trend
homogeneity, Residual 4
Maximum precipitation in
24 h (P24) adjusted for P24-C-R8 Stationary Not stationary Stationary No trend
homogeneity, Residual 8
Annual maximum Tmax Not stationary Not stationary Not stationary No trend
temperature
Annual maximum
temperature adjusted for Tmax-R Not stationary Not stationary Not stationary No trend
homogeneity
Annual maximum
temperature adjusted for Tmax-R-R2 Not stationary Not stationary Stationary No trend
homogeneity, Residual 2
Annual maximum
temperature adjusted for Tmax-R-R3 Stationary Not stationary Stationary No trend

homogeneity, Residual 3
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Annual maximum
temperature adjusted for Tmax-R-R4 Stationary Not stationary Stationary No trend
homogeneity, Residual 4
Annual maximum
temperature adjusted for Tmax-R-R8 Stationary Not stationary Stationary No trend
homogeneity, Residual 8
Annual mean temperature Tmean Not stationary Not stationary Not stationary No trend
Anp ual mean temp eratgre Tmean-R Not stationary Not stationary Not stationary Trend
adjusted for homogeneity
Annual mean temperature
adjusted for homogeneity, Tmean-R-R2 Stationary Not stationary Stationary No trend
Residual 2
Annual mean temperature
adjusted for homogeneity, Tmean-R-R3 Stationary Not stationary Stationary No trend
Residual 3
Annual mean temperature
adjusted for homogeneity, Tmean-R-R4 Stationary Not stationary Stationary No trend
Residual 4
Annual mean temperature
adjusted for homogeneity, Tmean-R-R8 Stationary Not stationary Stationary No trend
Residual 8
Annual minimum Tmin Not stationary Not stationary Stationary Trend
temperature
Annual minimum
temperature adjusted for Tmin-R Stationary Not stationary Stationary No trend
homogeneity
Annual minimum
temperature adjusted for Tmin-R-R2 Not stationary Not stationary Stationary No trend
homogeneity, Residual 2
Annual minimum
temperature adjusted for Tmin-R-R3 Not stationary Not stationary Stationary No trend
homogeneity, Residual 3
Annual minimum
temperature adjusted for Tmin-R-R4 Not stationary Not stationary Stationary No trend
homogeneity, Residual 4
Annual minimum
temperature adjusted for Tmin-R-R8 Not stationary Not stationary Stationary No trend
homogeneity, Residual 8
Appendix C
Table A3. Series Adjusted for Non-Homogeneity.
Series Adjusted for Non-Homogeneity
Years P24-C PT-C Tmean-R Tmax-R Tmin-R
1941 85.3 171.6 28.5 32.7 214
1942 43.0 818.8 28.1 35.9 23.3
1943 34.5 167.8 28.1 35.7 22.0
1944 134.4 937.0 279 33.8 21.7
1945 103.9 860.3 27.8 334 212
1946 85.3 477.6 279 33.8 212
1947 85.5 870.2 279 35.1 21.7
1948 164.9 1103.2 277 35.5 22.1
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Table A3. Cont.

Series Adjusted for Non-Homogeneity

Years P24-C PT-C Tmean-R Tmax-R Tmin-R
1949 74.3 1095.5 27.3 36.2 21.7
1950 127.6 1272.0 27.1 35.7 225
1951 141.2 1122.2 27.9 35.7 23.3
1952 53.1 715.8 28.1 35.3 214
1953 70.1 471.5 27.9 34.3 20.9
1954 136.3 1204.2 27.4 34.7 20.9
1955 170.1 1769.6 27.1 32.8 21.7
1956 144.6 1477.6 27.1 32.8 20.9
1957 51.5 575.7 27.5 34.3 20.1
1958 168.8 1365.2 27.7 33.3 21.3
1959 98.9 942.2 27.3 35.2 22.1
1960 168.3 1883.1 27.0 34.3 224
1961 93.8 1463.8 27.2 33.8 209
1962 110.7 1356.4 27.3 36.6 20.9
1963 83.6 1363.1 27.7 36.6 21.7
1964 100.6 1367.9 27.2 37.6 21.7
1965 134.4 1314.0 27.4 38.5 21.7
1966 112.4 1590.4 27.6 35.7 21.7
1967 97.2 1314.1 27.3 33.2 20.5
1968 134.4 1288.5 27.7 37.6 20.9
1969 129.0 1518.1 28.1 34.7 22.8
1970 157.0 1574.4 28.0 35.7 225
1971 104.7 926.4 27.4 34.0 20.9
1972 120.0 697.1 27.8 36.2 22.1
1973 74.1 1358.3 27.6 34.6 22.0
1974 126.4 793.8 27.1 34.2 21.7
1975 101.6 1126.8 27.0 33.2 21.0
1976 54.4 711.7 27.3 33.4 21.0
1977 60.5 582.2 27.7 34.0 21.6
1978 68.6 994.6 27.8 34.2 21.8
1979 120.7 1497.5 27.7 34.2 22.8
1980 135.9 1041.4 27.8 35.4 21.2
1981 124.4 1340.1 27.9 33.7 20.2
1982 98.0 878.3 27.6 33.0 20.6
1983 63.4 349.1 28.2 35.3 22.1
1984 102.7 1130.9 27.3 33.6 20.8
1985 164.5 1219.2 27.1 35.2 21.0
1986 64.9 692.5 27.3 33.8 22.0
1987 171.3 1350.8 27.9 34.4 21.7
1988 115.0 1433.7 27.4 33.3 219
1989 201.8 1378.0 27.2 33.5 21.0
1990 77.8 805.6 27.5 35.2 20.8
1991 32.5 378.3 27.6 33.8 21.6
1992 161.5 1053.0 27.6 34.1 21.6
1993 133.4 1165.2 27.9 34.2 22.6
1994 54.8 788.5 27.6 34.6 20.8
1995 76.3 1668.6 27.9 36.2 22.0
1996 99.4 1168.0 27.7 35.2 22.0
1997 99.6 712.7 27.8 36.8 21.8
1998 85.6 880.2 28.3 36.1 23.0
1999 108.5 1532.9 27.5 34.2 22.0
2000 116.2 823.3 27.5 34.0 20.8
2001 76.2 922.8 27.7 35.6 20.5
2002 73.5 689.6 28.1 35.0 20.4
2003 161.8 1178.9 28.1 35.1 22.1
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Table A3. Cont.

2004 149.0 1423.9 27.8 35.6 20.4
2005 76.4 1091.3 28.3 35.4 21.6
2006 122.3 1061.7 28.2 35.4 224
2007 183.1 1895.9 28.0 39.8 224
2008 95.3 1022.7 27.8 34.8 21.0
2009 61.3 660.7 28.3 36.2 22.6
2010 150.7 2469.2 28.2 35.0 224
2011 146.1 2130.2 28.0 354 22.6
2012 94.2 988.5 28.2 36.0 21.6
2013 88.0 853.7 28.3 35.0 224
2014 116.0 627.2 28.4 374 22.3
2015 51.8 372.3 28.6 40.4 22.0
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