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Abstract 

Climate variability poses new risks and uncertainties. In the sub-Saharan region, the impacts are already being felt and represent 

an additional level of obstacles for most vulnerable people, as well as a threat to sustainable development. This study analyzes the 

variability of precipitation in Benin using new approaches. The precipitation data used is the monthly average recorded at 

synoptic stations from 1970 to 2019 by the Metéo-Bénin agency. Two innovative graphical trend methods, innovative polygon 

trend analysis (IPTA) and trend polygon star concept (TPSC), are applied to the data. Both methods allow for the assessment of 

periodic characteristics of the monthly average rainfall and visually interpreting the transition trends between two consecutive 

months. The results show that the average monthly precipitation does not follow a regular pattern. There is also a general upward 

trend in precipitation for most months at the stations used. Most TPSC arrows were found in regions I and III. According to the 

TPSC graphs, the longest transition arrows between two consecutive months were observed in quadrant III. They were noted 

between the months of June and July in Cotonou, October and November in Bohicon and Save, and between September and 

October for the remaining stations. The results of this study are of great importance for policies regarding ongoing climate 

change in the agricultural, health, economic, security, and environmental sectors.  
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1. Introduction 

One of the major challenges of the 21st century for the en-

tire world is to keep global warming below 2°C ([1]). The 

impacts of global warming are manifesting worldwide 

through violent tornadoes, extreme rainfall, heatwaves, and 

increasingly prolonged dry spells [2]. In Africa, the effects of 

climate change are becoming more acute, resulting in floods, 

heatwaves, and droughts with increased frequency and inten-

sity [3]. These weather phenomena lead to water shortages, 

fuel desertification, accelerate coastal erosion, damage infra-

structure, reduce crop yields, and contribute to revenue losses 

for states [3-5]. 

Moreover, rapid urbanization and population growth in 

many African cities intensify pressure on infrastructure and 

basic services, making populations even more vulnerable to 
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extreme weather events [6]. Agricultural impacts are evident; 

for instance, Niang et al. (2014) demonstrated that in the 

Sahel [7], the effects of global warming are already visible 

through soil degradation and reduced water resources, making 

life precarious for millions. The yields of staple crops are also 

affected by warming. Indeed, staple crop yields could de-

crease by 5 to 10% [6]. Thus, smallholder farmers, who rely 

on stable climate conditions for their production, find them-

selves particularly vulnerable to these changes and are forced 

to migrate [8]. Research agrees that climate change can be a 

significant factor driving migration [9, 10]. According to 

these studies, migration will intensify and may lead to inse-

curity, human rights violations [9], numerous social and 

economic tensions within the region [11, 12], and school 

dropouts, among other issues. 

In Benin, a country in West Africa, several studies have 

focused on analyzing climate warming and its impacts, often 

followed by proposals for adaptation methods. Although the 

attribution to climate change is not yet formal, there is a 

consensus that temperature and rainfall are subject to signif-

icant variability, which ultimately impacts several sectors [13], 

notably the ecosystem [14]; water resources [15]; electricity 

production [13, 16]; and agriculture [17, 18]. 

Starting from the table painted above, monitoring meteor-

ological parameters through the determination and analysis of 

their trends is more than essential, especially to demonstrate 

climate evolution in a given location [19]. Rainfall is one of 

the key parameters most commonly used to assess climate 

variability [20]. It is often used due to its importance in human 

life and the environment [21, 22]. Examples include hydroe-

lectric production, agriculture, groundwater recharge, and its 

influence on the hydrological cycle [13, 23]. Therefore, 

planning activities in the various areas that rely on rainfall in a 

given region necessitates a thorough analysis of rainfall var-

iability in that location. One common method is trend analysis 

[24]. This is done through several traditional methods, notably 

the Mann-Kendall method [25, 26] and linear regression [27]. 

Although they are the most commonly used, traditional 

methods have several limitations that can affect the accuracy 

and relevance of the results [28-32]. Recently, innovative 

methods based on graphical tools have been proposed to 

improve the accuracy and reliability of hydrometeorological 

variable trends [33-36]. Unlike traditional methods, graphical 

methods do not require any assumptions [34, 35]. The most 

recent of the graphical methods is the polygon method (IPTA) 

proposed by [37] and later improved [38]. This method, 

named IPTA and TPSC, not only identifies hidden trends but 

also facilitates the comparison of trends both in similar sites 

and across different climatic zones [20, 37-40]. It also high-

lights the interconnection of rainfall from one month to an-

other [38]. The works of Qadem and Tayfur [41-44] demon-

strate the utility of the IPTA method not only for precipitation 

but also for other climatic variables, showing that integrating 

these methods can enrich our understanding of complex 

climatic dynamics. The objective of this study is to investigate 

the trends of monthly rainfall in Benin. We will subsequently 

present (i) the data and methods and (ii) the results and dis-

cussion. 

2. Data and Methods 

2.1. Data 

In this study, the rainfall data used are collected from 

synoptic stations across Benin over a significant period of 

time by the Météo-Bénin agency, which is responsible for 

meteorology data collection in the country. The data for this 

study cover the years 1970-2019, amounting to fifty years of 

collection. It was noted that there is one year of missing data 

in Natitingou. The synoptic stations have fewer missing data 

and play a crucial role in the collection of meteorological data 

in various regions of the country. In Benin, a country char-

acterized by diverse climatic zones, these stations provide rich 

datasets that can shed light on local climate patterns and 

trends, as evidenced by their distribution across the territory 

(Figure 1). 

 
Figure 1. (a) Position of Benin on the map of Africa and (b) loca-

tion of synoptic stations on the map of Benin. 

2.2. Methods 

In this study, the innovative polygonal trend analysis (IPTA) 

method and the trend polygon star concept (TPSC) method 

are applied to monthly average rainfall to highlight the rainfall 

trend at each station.  

2.2.1. IPTA Method 

The IPTA method consists of five points [20]. However, 

before detailing each step, the data from each station is orga-

nized in a matrix format (Equation 1), where the rows repre-

sent the number of years of data collected and the columns 

represent the periods for which trends are to be evaluated 
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(monthly, dekadal, or seasonal). In our study, the accumula-

tion periods are the different months of the year. 

R=[

𝑥1,1 ⋯ 𝑥1,12

⋮ ⋱ ⋮
𝑥𝑛,1 ⋯ 𝑥𝑛,12

]             (1) 

The resulting matrix is divided into two parts. The first part 

spans from year 1 to year n/2, while the second part covers 

from year n/2 + 1 to year n. The means and standard devia-

tions of the first sub-matrix are constructed with those of the 

second sub-matrix in a Cartesian coordinate system. The data 

from the first sub-matrix are plotted on the x-axis, and those 

from the second on the y-axis (see Figure 2). The different 

points are connected to form a polygon as indicated in Figure 

2. Months below the 1:1 line show that the monthly totals of 

the second period are decreasing compared to those of the first 

period. Similarly, months above the 1:1 line indicate an up-

ward trend in the totals of the second period compared to the 

monthly totals of the first. Those aligned along the 1:1 line 

show no noticeable trend. The distribution of rain affects the 

shape of the resulting polygon. More complex shapes can be 

expected to describe the precipitation behavior in the region 

(Sen, 2019). 

 

Figure 2. An innovative polygon trend analysis (IPTA) template for 

monthly records [20]. 

The various steps for analyzing the data are as follows [20]: 

1) the monthly rainfall time series is divided into two equal 

parts;  

2) for each month in both sub-periods, the mean is calcu-

lated; 

3) on the horizontal (vertical) axis of the scatter plot, the 

first (second) period is located on the x-axis (y-axis), and 

12 points are plotted to represent the 12 months;  

4) a polygon is created by connecting the points; 

5) The distance and slope of the line connecting two con-

secutive points are calculated using the formulas below: 

𝑑𝐴𝐵=√(𝑥𝐵 − 𝑥𝐴)2 + (𝑦𝐵 − 𝑦𝐴)2           (2) 

SAB =
yB  −yA 

xB− xA
               (3) 

xA and xB (yA and yB) are derived from the first (sec-

ond) sub-period and represent the x-coordinates 

(y-coordinates) of the two consecutive points A and B. dAB 

indicates the rainfall shift between two successive months, 

while SAB  shows the increase of the second sub-period 

compared to the first. The steeper the slope, the greater the 

monthly variation in the second sub-period compared to the 

first, and vice versa. 

When the variability is homogeneous between successive 

points, the polygon will exhibit a regular shape, meaning that 

the lengths and slopes will be the same for successive points. 

Under these conditions, the variability of the hydrometeoro-

logical variable is isotropic and uniform [37, 40]. Conversely, 

the more complex the shape of the polygon, the more com-

plex the variability of the hydrometeorological variable will 

be between successive months at the station considered. 

2.2.2. TPSC Method 

The TPSC is a star graph that highlights the transition be-

tween consecutive points describing the polygon obtained 

with IPTA [38]. Through this representation, the distance 

between two successive points and the slope of the line con-

necting these two points are directly appreciable to the naked 

eye. 

The vectors representing the transition between two suc-

cessive points are drawn from the origin (0:0) of the Carte-

sian coordinate system. For a vector depicting the transition 

between two successive points, the x-coordinate 

(y-coordinate) corresponds to the difference between the 

values of these two points in the first (second) sub-period. 

The length of the vector indicates the extent of the transition 

between the two points. The smaller (larger) the vector 

length, the smaller (larger) the transition between two suc-

cessive points will be. The horizontal (vertical) projection of 

each vector represents the magnitude of the change in the 

first (second) sub-period. The change in monthly rainfall is 

determined by comparing the vertical and horizontal projec-

tions of the vector. The slope of the change is obtained by 

the ratio of the vertical to horizontal projections of the transi-

tion vector. 

Figure 3 shows an example of TPSC. The vectors in re-

gion I (III) indicate an upward (downward) trend in monthly 

rainfall in both sub-periods. Quadrant II (IV) represents an 

upward (downward) trend in the second (first) sub-period 

compared to the first (second) sub-period. 
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Figure 3. TPSC example [38]. 

3. Results and Discussion 

3.1. Results 

The IPTA and TPSC tests are applied to the monthly av-

erage rainfall data from six synoptic stations. The rainfall 

distances and slopes between successive months at each of the 

six stations are presented in Table 1. Overall, the IPTA graph 

indicates that the monthly average rainfall does not follow a 

regular pattern. The highest average monthly totals are rec-

orded in the second sub-period, except in Parakou, where no 

change was observed. The highest monthly totals were rec-

orded in July at Bohicon (164.04 mm), in June at Cotonou 

(345.07 mm), and in September at Save (175.39 mm). As for 

the three other stations located further north in the country, the 

highest total was recorded in August: 272.96 mm in Kandi, 

281.07 mm in Natitingou, and 218.74 mm in Parakou. The 

TPSC graphs, on the other hand, show that the rainfall tran-

sitions from one month to the next behave almost similarly 

from station to station. The majority of vectors occupy regions 

I and III. The slope value indicates the sub-period where the 

trend is relatively higher. Regardless of the area, when the 

absolute value of the slope is greater (less) than 1, the trend is 

more significant in the second (first) sub-period. Next, we 

present the analysis by station. 

 
Figure 4. IPTA test at each station. 
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Figure 5. TPSC test at each station. 

Table 1. Rainfall distance and trend slope between successive months at each station. 

 Jan-Feb 
Feb-Ma

r 

Mar-Ap

r 

Apr-Ma

y 

May-Ju

n 
Jun-Jul Jul-Aug 

Aug-Se

pt 

Sept-Oc

t 

Oct-No

v 

Nov-De

c 
Dec-Jan 

BOHI-

CON 

TL 39.83 66.83 61.04 29.73 29.92 23.21 64.47 63.74 37.63 140.46 19.68 11.09 

Slope 0.98 1.30 0.35 4.80 1.36 -0.15 2.69 1.79 1.07 1.14 2.54 0.12 

CO-

TONOU

-AERO 

TL 36.25 49.20 75.44 123.53 159.72 295.94 95.87 110.07 41.52 156.99 33.83 13.47 

Slope 0.60 1.94 0.54 1.14 1.51 1.13 1.44 1.22 11.01 1.44 2.15 -1.07 

SAVE 
TL 16.98 59.73 61.68 31.92 29.32 22.55 37.07 42.51 79.71 145.19 7.93  7.22 

Slope 1.19 0.84 1.05 1.01 1.90 -0.08 0.03 0.69 0.97 1.18 1.68 -14.40 

KANDI 
TL 2.58 9.03 41.44 116.22 42.78 82.35 76.86 103.77 203.76 61.44 0.52 0.52 

Slope 0.46 0.78 1.21 0.99 1.63 0.81 1.52 0.96 1.08 1.51 -0.14 -0.00 

NATIT-

TIT-

INGOU 

TL 4.56 23.61 80.98 57.35 38.07 86.15 108.74 35.18 208.01 123.97 13.50 3.04 

Slope 0.96 0.67 0.86 2.06 1.55 0.31 2.38 1.75 0.98 1.10 5.77 -0.95 

PA-

RAKOU 

TL 5.30 40.09 63.35 81.27 29.08 54.73 32.70 15.86 161.56 127.65 5.29 4.16 

Slope 0.52 0.98 1.37 0.58 1.76 0.62 2.73 -0.36 0.93 1.31 4.15 -3.16 

 

Cotonou Station: Located further South and adjoining the 

Atlantic Ocean, this station experiences its first rains in March. 

The IPTA graph shows that rainfall increases from April to 

June (345 mm) and decreases from July to August (48 mm). It 

rises again in September, peaking in October (approximately 

160 mm), then declines until December-January, when rain is 

very rare. Two rainy seasons appear to be evident: one longer 

(April to June) and one shorter (September to October). These 
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results corroborate findings from [45-47], which identified 

two rainy seasons in Cotonou. It’s important to note that the 

rainfall totals recorded in June and October are relatively 

higher in the second sub-period. Additionally, the amount of 

rain received in June at this station far exceeds that accumu-

lated during other months, potentially causing flooding. 

Under these conditions, authorities are urged to take appro-

priate measures to protect people and their property during 

this month. 

Regarding the rainfall difference between successive 

months, the figure shows that the arrows are almost all clus-

tered in Regions I and III. The slopes are presented in Table 1. 

In Zone I, the transitions include J-F, F-M, M-A, A-M, M-J, 

A-S, and S-O, while in Zone III, the transitions are J-J, J-A, 

O-N, and N-D. It is evident that rainfall between September 

and October increases in both sub-periods, with a much 

stronger trend (slope = 11.01) in the second sub-period. These 

results indicate that it rains significantly more in October than 

in September during the second sub-period compared to the 

first sub-period, where the difference in rainfall is much 

smaller. Conversely, there is a decrease of about 50% in 

rainfall between March and April. While the rainfall differ-

ence between June and July is the most significant at this 

station, it is also noted that it is declining with a nearly equal 

trend in both sub-periods. 

Bohicon Station: At this station, rainfall increases from 

March to July and then decreases in August, where it rains less 

compared to June and July. Rainfall rises again in September 

but then decreases once more until January, when it almost 

doesn’t rain at all. Starting in February, rainfall resumes, but 

the totals remain low. According to the IPTA graph, the 

average monthly total decreases in April, while it experiences 

significant increases in March, June, July, September, and 

October. The TPSC shows that the transition from June to 

July has a relative decrease in the first sub-period, justifying 

its placement in the second zone. In Zone I, the transitions J-F, 

F-M, M-A, A-M, M-J, and A-S are found with varying slopes. 

The presence of these vectors in this region indicates an 

increase in rainfall between the aforementioned successive 

months in both sub-periods. The slopes exceed 1 (see Table 1) 

in F-M (1.30), A-M (4.80), M-J (1.36), and A-S (1.79), indi-

cating a more significant rainfall transition between these 

successive months in the second sub-period. Conversely, a 

decrease in rainfall is noted between the months J-F (0.98) 

and M-A (0.35) within the same sub-period. The slopes ob-

tained for M-A (0.35) and A-M (4.80) show that rainfall 

dropped by more than half between March and April and 

quintupled between April and May in the second sub-period. 

This phenomenon may be attributed to the delayed onset of 

the rainy season and can cause disruptions in agricultural 

scheduling, loss and/or decreased yields, and reduced income 

for producers. 

Zone III encompasses the transitions from J-A, S-O, ON, 

and N-D, indicating a downward trend in rainfall between 

these successive months found in this zone. The difference in 

rainfall is much more significant between O-N and decreases 

almost similarly in both sub-periods. However, the rainfall 

difference between J-A (slope = 2.69) has nearly tripled 

during the second sub-period. This suggests that it rains less in 

August than in July during the second sub-period compared to 

the first sub-period, where the gap between the rainfall totals 

of July and August is much smaller. 

Save Station: The rainy season starts in March and ends in 

October ([45]). The peak of monthly totals occurs in Sep-

tember. Rainfall totals in June, August, September, and Oc-

tober are relatively higher in the second sub-period, while 

only July shows a slight downward trend. 

Regarding rainfall transitions between successive months, 

the vectors are distributed across all four zones. In Zone II, the 

vector D-J has a length of 7.22 mm with a slope of - 14.64. 

Even though rainfall is very rare during this period, any 

precipitation that does occur is much more significant in 

December, particularly in the second sub-period. In Zone IV, 

the vector J-J shows a rainfall difference of 22.55 mm and a 

slope of -0.08, indicating almost no difference in rainfall 

between June and July in the second sub-period compared to 

the first. 

Zone I includes half of the vectors, specifically J-F, F-M, 

M-A, A-M, M-J, and A-S. The rainfall difference is increas-

ing with a nearly similar trend in both sub-periods, except for 

M-J, where the trend nearly doubled in the second sub-period. 

It rains twice as much in June as in May during the second 

sub-period. 

Finally, in Zone III, the vectors J-A, S-O, O-N, and N-D are 

present. The highest rainfall difference is observed between 

October and November with a slope of 1.18, indicating a 

similar decrease in both sub-periods. The J-A vector shows a 

rainfall difference of about -60 mm between July and August 

in the first sub-period, while in the second sub-period, rainfall 

between the two months is similar. 

In summary, rainfall evolves progressively from May to 

July, then slightly decreases in August before rising in Sep-

tember during the first sub-period. In the second subperiod, it 

gradually increases from May to June, stabilizes with signif-

icantly higher amounts until August, and then rises again in 

September. 

Natitingou Station: Located much further west, this station 

is influenced by the Atacora mountain range, which has an 

average elevation of 700 m. The first rains are recorded in 

March. Rainfall increases until August, where it peaks, and 

then gradually decreases until October. After this month, it 

rains almost not at all. In the rainy cycle, only April and July 

show a downward trend, while rainfall totals for May, June, 

August, September, and October are significantly on the rise. 

There is relatively less rain in April and July during the sec-

ond sub-period. Conversely, much less rain falls in May, June, 

August, September, and October during the first sub-period. 

Regarding the TPSC (Transitional Precipitation Cycle), the 

vectors indicating the transition between successive months 

are distributed in quadrants I and III, showing a nearly similar 
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trend during both sub-periods. In Zone I, the most significant 

transition is between July and August, with a slope of 2.38. 

The rainfall difference here is more than double in the second 

sub-period compared to the first. 

Quadrant III shows a very high rainfall difference between 

September and October, which is the largest recorded dif-

ference at the station and is observed in both sub-periods. 

October clearly marks the end of the rainy season, with sig-

nificantly lower rainfall compared to September totals. 

Overall, it can be concluded that the rainy season starts in 

April and ends in October. 

Kandi Station: Located further north in Benin, Kandi Sta-

tion experiences a rainy season and a dry season. The first 

rains are recorded starting in April, but rainfall increases 

significantly from May, peaking in August before declining 

until October. According to the IPTA test, rainfall in June, 

August, September, and October shows a marked increase in 

the second sub-period, while May and July exhibit no trend. 

Significantly more rain falls in June, August, September, and 

October during this second sub-period. 

Regarding the TPSC (Transitional Precipitation Cycle), the 

vectors indicating transitions between successive months are 

distributed in quadrants I and III, demonstrating a nearly 

similar trend during both sub-periods. Increasing transitions 

are observed in quadrant I, with the most significant transition 

between April and May having a slope close to 1, indicating 

similar evolution in both sub-periods. 

In contrast, decreasing transitions appear in quadrant III, 

particularly between September and October, also with a 

slope of 1. It is clear that at Kandi Station, the transitions did 

not vary during the study period, even though some monthly 

totals exhibited trends. 

Parakou Station: Located in the eastern part of the country, 

Parakou Station reflects the rainfall situation in northeastern 

Benin. The first rains are recorded starting in March, with 

significant accumulation beginning in April. Rainfall gradually 

increases until August, reaching its peak, then declines until 

October, marking the end of the rainy season. At this station, 

rainfall totals for April, September, and October are on the rise, 

while May and July show a downward trend. June and August 

do not exhibit significant trends. Regarding the TPSC (Transi-

tional Precipitation Cycle), the vectors illustrating transitions 

between consecutive months are primarily distributed in 

quadrants I and III, showing similar transitions in both 

sub-periods. In quadrant I, the most significant transition is 

between April and May, with a slope of 0.58, indicating a 

decrease in rainfall between these two months during the sec-

ond sub-period. Rainfall in recent decades has been less com-

pared to the first sub-period. Although the gap between July 

and August is not large, there is a notable nearly threefold 

increase in the transition between these months, evidenced by a 

slope of 2.73. This transition has become much more signifi-

cant in recent decades compared to the first sub-period. Quad-

rant III includes decreasing transitions, with the most important 

transition recorded between September and October, showing a 

slope of about 1. Transitions identified in this quadrant decline 

at a similar rate in both sub-periods.  

3.2. Discussion 

This study focused on the trend of monthly rainfall at 

synoptic stations in Benin. The IPTA and TPSC methods were 

utilized to analyze hidden trends in rainfall across these sta-

tions. Significant seasonal patterns emerged, varying from 

one station to another, which may have important implica-

tions for agriculture and water resource management. The 

marked increase in rainfall during certain months, juxtaposed 

with decreases during others in the same rainy season, indi-

cates a notable change in the country’s traditional climate 

regime. This phenomenon cannot be ignored, especially given 

Benin’s reliance on rain-fed agriculture. Rainfall is clearly 

bimodal in Cotonou, showing two rainy seasons [45, 46]. In 

contrast, other stations experience a single rainy season from 

March-April to October [45, 47]. This rainfall behavior could 

be interpreted through the movement of the Intertropical Front 

[45, 48]. 

The increase in precipitation during critical months of the 

rainy season may be viewed as an opportunity to enhance crop 

productivity. However, it could also have negative repercus-

sions if it occurs during harvest time or when plants need less 

water [49-53]. 

On the other hand, the decrease in precipitation during July 

at the stations in Save, Natitingou, and Parakou - while the 

rainy season is ongoing- can induce water stress for certain 

crops that require a constant water supply [17]. Erratic fluc-

tuations in rainfall patterns can adversely affect not only 

production [54-56] but also agricultural planning, necessitat-

ing adjustments in farming practices [51, 57]. For instance, 

farmers may need to adopt drought-resistant crop varieties or 

consider more sophisticated irrigation systems. Environmen-

tally, the upward trend in rainfall may bring about flooding 

risks, particularly in June in Cotonou [58], in July in Bohicon 

and Save, and in August in areas around other stations. 

Flooding can lead to population migration [59, 60], exacer-

bated by conflicts [12] and economic losses. Socioeconomi-

cally, these rainfall variations impact the economy [3, 61, 62], 

potentially exacerbating existing inequalities among farmers. 

Smallholder farmers, who often lack the resources to adapt to 

climate changes, may suffer greater losses [62] compared to 

those with means to invest in resilient agricultural technolo-

gies. This could lead to increased food insecurity and social 

tensions in rural areas, where agriculture is the primary source 

of livelihood. 

Furthermore, the health implications of rainfall variability 

must be considered [63-65], particularly due to the potential 

spread of waterborne diseases [66], such as cholera, which 

can thrive in conditions of heavy rain and flooding. Therefore, 

health infrastructures will need to be strengthened to adapt to 

these new climatic realities. To tackle the challenges posed by 

rainfall variability, an integrated approach is essential [67]. 
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Collaboration among the government, NGOs, researchers, 

and local communities will be key in developing effective 

adaptation strategies. Policies that promote agricultural ad-

aptation strategies based on favourable climatic conditions are 

encouraged to protect and enhance future agricultural pro-

duction [68]. Agricultural policies should include water re-

source management measures, such as constructing drainage 

and retention systems to control excess water and maximize 

the use of water resources. Additionally, educating and raising 

awareness among farmers about sustainable and resilient 

farming techniques will be crucial for ensuring long-term 

food security. Building resilient cities to mitigate flooding and 

its consequences is also recommended. 

4. Conclusions 

The study of climate parameter variability through innovative 

methods is a key to better understanding the climate and making 

informed decisions. This research highlighted the variability of 

precipitation at synoptic stations in Benin using the IPTA 

method. It revealed hidden variability and rainfall transitions 

between successive months. The findings provide clear indica-

tors for anticipating the impacts of rainfall variability, guiding 

mitigation and adaptation policies. They can also serve as a 

pragmatic guide for actions to take in response to an increasing 

global environmental challenge. 
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