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Abstract Rainfall variability in West Africa represents a major scientific issue due to its direct impacts on water
resources, agriculture, and socio-economic systems. In Guinea, a country highly dependent on precipitation regimes,
recent observations suggest a non-stationary evolution of the climate, characterized by alternating wet and dry
phases as well as potential changes in rainfall patterns. In this context, the study aims to analyze the spatio-temporal
variability of annual precipitation between 1986 and 2015 in order to identify and characterize the main climatic
breakpoints across the Guinean territory. The study is based on high spatial resolution CHIRPS v2.0 satellite data
(0.05°), aggregated into annual totals and then standardized using the Standardized Precipitation Index (SPI). The
statistical analysis combines several complementary non-parametric change-point detection methods, including the
Pettitt test, the Lee & Heghinian test, and Hubert segmentation, applied across the four natural regions of Guinea.
This approach makes it possible to identify discontinuities in rainfall time series, assess their significance, and
compare their spatial distribution according to regional climatic gradients. The results highlight strong interannual
rainfall variability and the existence of a major climatic shift beginning in the mid-1990s, reflecting a reorganization
of the rainfall regime. A second phase of change, observed between 1999 and 2015, reveals an asynchronous and
spatially heterogeneous dynamic, with contrasting behaviors across the natural regions. Overall, an increase in
interannual variability and an intensification of hydroclimatic extremes is observed. In conclusion, the Guinean
climate appears to have undergone a profound restructuring, characterized by increasing instability of the
precipitation system, underscoring the need to integrate these breakpoints into adaptation strategies and water
resource management planning
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1. Introduction

Rainfall variability is one of the key features of the
West African climate and represents a major scientific
issue due to its environmental, hydrological, and socio-
economic impacts. In West Africa, precipitation strongly
governs agricultural activities, water resource availability,
hydropower production, and the functioning of natural

ecosystems (e.g. [1]). In this region, where rainfed
agriculture dominates production systems, any alteration
in rainfall regimes can have significant consequences for
food security and population livelihoods (e.g. [2]).

Since the late 1960s, several studies have highlighted a
profound shift in the West African rainfall regime,
characterized by a marked decline in annual precipitation
and the emergence of persistent droughts, particularly
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across the Sahelian belt (e.g. [3,4]). This dry period,
considered one of the most severe of the twentieth century,
has deeply affected regional hydrological and agricultural
systems (e.g. [5]). Hydroclimatic analyses in West Africa
have shown that this rainfall decrease is not solely the
result of a gradual trend, but also of abrupt changes in
climatic time series, indicating the presence of rainfall
breakpoints [6].

Climate breaks correspond to significant changes in the
statistical properties of a time series, particularly in its
mean or variance (e.g. [7]). In hydroclimatology, their
identification makes it possible to detect transitions
between different climatic phases and to assess changes in
precipitation regimes (e.g. [8]). Several statistical methods,
such as the (e.g. [7]), the Lee and (e.g. [9]), and Hubert’s
segmentation approach (e.g. [6]), are commonly used to
analyze climatic discontinuities in African rainfall time
series.

Moreover, Guinea is often referred to as the “water
tower of West Africa” due to its significant hydrological
potential and the presence of the headwaters of major
regional rivers such as the Niger, Senegal, and Gambia.
The country’s water resources are highly dependent on
seasonal and interannual rainfall regimes. Consequently,
any long-term change in precipitation patterns can have
major impacts on river discharge, water availability,
agriculture, and energy production (e.g. [10]).

In recent decades, several climatic observations have
revealed strong rainfall irregularity in  Guinea,
characterized by alternating periods of deficit and surplus
precipitation. Some regions have experienced prolonged
rainfall deficits, while others have recorded episodes of
intense rainfall associated with recurrent flooding events
(e.g. [11]). This variability reflects the non-stationarity of
annual rainfall series and suggests the existence of
climatic breaks that may have durably altered the
country’s hydroclimatic functioning.

Despite the importance of precipitation in Guinea’s
environmental and socio-economic context, studies
focusing on the spatio-temporal analysis of rainfall breaks
remain limited. Existing research generally addresses
climate trends or interannual rainfall variability without
thoroughly investigating abrupt changes in time series.
However, identifying break dates, their magnitude, and
their spatial distribution is essential for a better
understanding of recent climate evolution in Guinea.

The spatio-temporal analysis of annual rainfall breaks
therefore constitutes an essential scientific tool for
characterizing regional climate change. It not only
highlights climatic transition periods but also allows
comparisons of rainfall behavior across the country’s
different natural regions. Such an approach contributes to
improving knowledge of hydroclimatic dynamics and to
better assessing risks associated with climate extremes.

Finally, in the context of intensifying global climate
change, this study is part of ongoing scientific efforts to
better understand recent climate evolution in West Africa.
The identification of annual rainfall breaks in Guinea will
enhance knowledge of regional climate dynamics and
contribute to the development of appropriate strategies for
natural resource management and climate risk reduction.

2. Data and Methods

2.1. Study Area Description

Figure 1 presents the study area. The Republic of
Guinea is divided into four (4) natural regions, each
characterized by distinct microclimatic conditions.

a. Lower Guinea or Maritime Guinea

Lower Guinea (LG) includes the synoptic stations of
Boké, Conakry, and Kindia. This region is also known as
Maritime Guinea due to its coastal location. It experiences
a humid tropical climate, with rainfall reaching its
maximum in August and exceeding 4000 mm/year in
Conakry (e.g. [12]).

b. Middle Guinea or Fouta Djallon

Middle Guinea (MG) comprises the synoptic stations of
Koundara, Labé, and Mamou. It is the most mountainous
region of the country, dominated by the Fouta Djallon
massif, which covers about 80,000 kmz, with Mount Loura
(1532 m) as its highest point. The rainy season lasts
between 5 and 8 months from Koundara to Mamou, with
annual rainfall below 1300 mm in the northern part of the
region (e.g. [12,13]).
¢. Upper Guinea

Upper Guinea (UG) includes the synoptic stations of
Faranah, Kankan, and Siguiri. It is located between Forest
Guinea and the Fouta Djallon, at the western edge of the
large Niger River basin. Climatically, it is the driest region
of Guinea, characterized by a Sudanian climate. Annual
precipitation ranges between 1,200 and 1,800 mm. It also
experiences the longest dry season (7 to 8 months), with
relatively high mean temperatures throughout the year,
reaching up to 40°C between March and April (e.g. [14]).
d. Forest Guinea

Forest Guinea (FG) includes the synoptic stations of
Kissidougou, Macenta, and N’Zérékoré. Its climate is sub-
equatorial, with abundant and relatively regular rainfall
distributed over approximately 8 to 9 months (e.g. [13]).
This region records a very high number of rainy days (e.g.
[15]). Mean annual rainfall ranges from 1,800 to 2,300
mm (e.g. [14]). Temperatures remain mild throughout the
year, averaging around 25°C.
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Figure 1. Map of the study area showing the geographical location of the
synoptic stations used for the extraction of satellite precipitation data;
stations are represented by red stars (e.g. [13])
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2.2. General Methodology

Figure 2 presents a robust and reproducible
methodological framework designed to identify and
characterize rainfall discontinuities in the Republic of
Guinea over the 1986-2015 period through a structured
four-step procedure. The first step (1) involves the
acquisition of high-resolution satellite-based precipitation
data (CHIRPS v2.0, 0.05° resolution). This dataset has
been extensively validated across West Africa and shown
to agree well with in situ observations, providing reliable
estimates of rainfall variability and extremes. It is
therefore well suited for climate variability and
hydrological change analyses in Guinea. The data are then
temporally aggregated into annual rainfall totals and
spatially organized according to the country’s four natural
regions, enabling the construction of consistent time series
at both station and regional scales. In addition, the JAS
season  (July—August-September) is selected for
breakpoint analysis because it corresponds to the core
rainy season in West Africa, particularly in Guinea, where
it concentrates the bulk of annual precipitation. This
period represents the most climatically stable rainfall
signal, minimizing the influence of transitional months
and thereby improving the robustness of structural change
detection.

The second step (2) consists of standardizing the
precipitation datasets through the computation of the
Standardized Precipitation Index (SPI), based on a 30-year
reference climatology. This normalization procedure
allows for the objective identification of wet and dry
anomalies independently of absolute rainfall magnitudes,
ensuring comparability across space and time.

The third phase (3) constitutes the statistical core of the
methodology. It applies a suite of complementary non-
parametric tests, including the Pettitt test (rank-based
approach), the Lee & Heghinian Bayesian change-point
model, and Hubert’s segmentation procedure, integrated
into an iterative framework capable of detecting multiple
and successive change points at a 5% significance level.
The combined use of the Pettitt test, the Lee & Heghinian
Bayesian change-point model, and Hubert’s segmentation
method is justified by the need to ensure robust and
reliable detection of change points in non-stationary and
potentially noisy climate time series. The Pettitt test, a
non-parametric rank-based approach, enables the detection
of a single abrupt shift without distributional assumptions
and is particularly robust to outliers. The Lee & Heghinian
Bayesian model complements this approach by providing
a probabilistic estimation of the change-point location,
together with an explicit quantification of associated
uncertainty, thereby improving the statistical interpretation
of detected shifts. Finally, Hubert’s segmentation method
allows an objective partitioning of the series into
successive homogeneous regimes, making it suitable for
identifying multiple breakpoints and revealing more
complex temporal structures. The combination of these

three methods therefore ensures cross-validation of results,

reduces methodological bias, and enhances the robustness
and reliability of identified climatic changes.

Finally, the fourth phase (4) translates these
mathematical validations into concrete scientific outputs
by revealing the spatio-temporal contrasts of the Guinean

climate. These results are further converted into a
decision-support tool for wvulnerable sectors such as
agriculture, hydrology, and water resource management.
Overall, this approach effectively addresses the challenges
posed by climate non-stationarity.

GENERAL METHODOLOGY

Spatio-temporal analysis of annual precipitation breakpoints in Guinea (1986-2015)
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Figure 2. Schematic overview of the methodological framework for the
spatio-temporal analysis of rainfall breakpoints in Guinea (1986-2015)

3. Results

3.1. Temporal Variability of Standardized
Rainfall Indices

Figure 3a, Figure 3b, Figure 3c, and Figure 3d highlight
the pronounced spatio-temporal variability of rainfall
across the Republic of Guinea, characterized by
alternating positive anomalies (wet years shown in blue)
and negative anomalies (dry years shown in orange). The
analysis of 5-year and 9-year moving averages reveals
distinct regional rainfall dynamics. In Lower Guinea
(Figure 3a), the first decade (1986-1995) was
predominantly wet, followed by a prolonged dry phase
extending from 1997 to 2015, marked by significant
rainfall deficits, particularly in 2005 and 2009. In contrast,
Middle Guinea (Figure 3b) and Upper Guinea (Figure 3c)
exhibit broadly similar large-scale behavior: both regions
began with dry conditions during the late 1980s, shifted
toward a wetter phase in the mid-1990s, with a major peak
in 1995, experienced renewed drought conditions during
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the 2000s, and subsequently underwent a marked recovery
of above-normal rainfall after 2008.

Forest Guinea (Figure 3d), however, displays a
distinctive rainfall evolution closely associated with its
southern geographical location and sub-equatorial climate.
Its time series reveals an abrupt transition from a
markedly wet period (1986-1989) to severe drought
conditions during the early 1990s, characterized by the
most intense deficits recorded nationwide in 1990 and
1991 (SPI < -2). Following a relatively wet recovery
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phase between 1995 and 2000, the region returned to a
state of chronic instability throughout the 2000s and
2010s. These findings demonstrate that although Guinea
is influenced by large-scale climatic fluctuations
affecting West Africa, topographic barriers together with
local oceanic and forest-related forcings partition the
country into distinct microclimatic zones. This
regionalization generates substantial temporal disparities
in both the onset and intensity of rainfall breakpoints
from one region to another.

_b) MIDDLE GUINEA

2k

-3

I T T I T T S TR LY
o oot o o0 b0 BB 0 VLD OO LN LR e e e e
S e e

(I o5 itive anomaly I Negative anomaly s S-year Moving average e 9-year moving averags

) UPPER GUINEA

A BB Mool DD DA D BH LA DO.DN DG
e D E A B ) L P S e R A R AT T T
S R R P AR N P R R R R B R R R e e

 d) FOREST GUINEA

EAFDDND PO LA DD OND D BE O SO DN A
i T oP B g b ol ool P B e o ot D
S e S T S R R R e e

Figure 3. Time series of the Precipitation Severity Index (SPI) from 1986 to 2015 across the four natural regions of Guinea (a, b, c, d). Blue and orange
bars represent positive and negative anomalies, respectively, with green and purple lines showing the 5-year and 9-year moving averages

Table 1. Analysis of Jas Rainfall Breakpoints (1986-2015)

| Breakpoint(s) according to tests

Breakpoints according to HUBERT |

| |

| |
| | | LEE and | | Serie 1 | Serie 2 | WVR1 |
Region | Sub-period | PETTITT | HEGHINIAN | HUBERT | ml | al | m | e | (% |
| | | | | | | | | |
Lower Guinea | 1986-2015 | 1994 | 1994 | 1987 | 55.2 | 2.9 | 56.9 | 65 | 3.1 |
Middle Guinea | 1986-201% | 2008 | 2014 | 1888 | 29.1 | 1.4 | 30.3 | 2.6 | 4.0 |
Upper Guinea | 1986-2015% | 1993 | 1993 | 1877 | 28.5 | 0.7 | 27.9 | 2.8 | -2.3 |
Cuinea Forest | 1986-2015 | 1989 | 2014 | 1987 | 36.2 | 0.6 | 34.5 | 3.9 | -4.7 |
Cuinea (overall) | 1986-2015 | 1999 | 2014 | 1987 | 37.2 | 0.3 | 37.4 | 2.5 | 0.5 |

3.2. Detection of Breakpoints within Annual
Rainfall Time Series

The statistical analysis of rainfall breakpoints in the
Republic of Guinea during the JAS season (1986-2015)
highlights a pronounced spatio-temporal heterogeneity in
climatic transition regimes, reflecting a marked
regionalization of rainfall dynamics under the combined
influence of topographic controls, regional atmospheric
circulation patterns, and the variability of the West
African monsoon (Table 1). The Maurice Pettitt and
Damien Lee & Heghinian tests consistently identify a
significant breakpoint during the mid-1990s in Lower
Guinea (1994) and Upper Guinea (1993), suggesting a
relatively abrupt shift in rainfall conditions within these
regions. In contrast, the discrepancies observed in Middle
Guinea and Forest Guinea likely indicate the presence of
more complex multi-decadal fluctuations or gradual
transitions characterized by weak non-stationary changes.
Quantitative analysis based on the segmentation approach

of Pierre Hubert further reveals a geographical opposition
between the northern/coastal regions and the inland/forest
regions: Lower Guinea and Middle Guinea exhibit an
increase in mean rainfall totals after the breakpoint
(positive relative variation), whereas Upper Guinea and
Forest Guinea experience a decline in precipitation
amounts (negative relative variation). Nevertheless, the
most prominent climatic signal lies in the generalized
increase in interannual rainfall variability after the
breakpoint, evidenced by the systematic rise in standard
deviations (62 > ol) across all regions (Table 1). This
amplification of variability reflects an intensification of
hydroclimatic extremes and an increased instability of the
West African monsoon system, indicating a progressive
transition toward a more irregular, contrasted, and less
predictable rainfall regime.

In Table 1, the symbols are defined as follows: m1:
mean of sub-period 1 (before the breakpoint), expressed in
mm/year (annual mean precipitation).

m2: mean of sub-period 2 (after the breakpoint),
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expressed in mm/year.

ol: standard deviation of sub-period 1, expressed in
mm/year, representing interannual precipitation variability
before the breakpoint.

02: standard deviation of sub-period 2, expressed in
mm/year, representing interannual precipitation variability
after the breakpoint.

VR (%): relative variation rate between the two sub-
periods, computed as:

VR=[ (m2—-ml)/ml ] x 100

It quantifies the magnitude of change between the two
rainfall regimes.

The reported breakpoint years (Pettitt, Lee & Heghinian,
Hubert) correspond to statistically significant structural
changes detected in annual precipitation series.

All statistics are based on annual precipitation data
(1986-2015) derived from CHIRPS v2.0 dataset.

Figure 4 presents an in-depth analysis of the detection
of annual rainfall change points in the Republic of Guinea
over the period 1986-2015, based on the application of
three complementary statistical tests (Pettitt, Hubert, and
Lee & Heghinian). Each station is represented by a square
whose color indicates either the detected change period or
the absence of a change, according to a structured
temporal classification (1986-1990, 1991-1995, 1996-
2000 corresponding to the major IPS shift, 2001-2015, or
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no detected change). Overall, the results show strong
consistency among the different methods, with a dominant
concentration of change points occurring in the late 1990s
and early 2000s. This period corresponds to a major
climatic transition phase in Guinea, generally associated
with a reorganization of rainfall regimes across West Africa.

The Hubert test stands out by providing a clearer spatial
structure, highlighting a more pronounced homogeneity of
late change points, mainly between 2001 and 2015. This
pattern suggests the gradual establishment of a relatively
stable new rainfall regime following the transition phase.
In contrast, the Pettitt and Lee & Heghinian tests reveal
greater interregional variability, with earlier change points
detected in certain stations, particularly in Lower Guinea
and Middle Guinea, where shifts are observed as early as
1986-1995. This spatial heterogeneity reflects the
combined influence of local climatic gradients, oceanic
proximity, and teleconnection forcing on rainfall
variability.

Overall, these results indicate that the climatic shift in
Guinea is neither synchronous nor spatially uniform, but is
broadly centered on the late twentieth and early twenty-
first centuries. They thus highlight the existence of a
significant structural change in precipitation dynamics,
characterized by a long-term reorganization of the national
rainfall regime.

b. HUBERT (1986-2015)
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Figure 4. Detection of annual rainfall change points in the Republic of Guinea over the period 1986-2015 using three complementary statistical tests:
Pettitt (a), Hubert (b), and Lee & Heghinian (c). The results illustrate the spatial distribution of detected change points and highlight the absence of

change across stations



Applied Ecology and Environmental Sciences 49

Table 2. Break dates (1998-2015), relative changes, and significance levels (Pettitt)

| Break according to statistical tests

Breaks according to HUBERT |

| |

| |
| | | LEE and | | Series 3 | R.V2 | RV3 |
Regions | Sub-period | PETTITT | HEGHINIAN | HUBERT | m3 | o3 | €3] | %) |
| | | I | | | | |
Lower Guinea | 1999-2015 | 2005 | 2005 | 2000 | 54.6 | 5.7 | -9.5 | 1.0 |
Middle Guinea | 1999-2015 | 2008 | 2014 | 2002 | 29.9 | 3.3 | -0.8 | -0.8 |
Upper Guinea | 1999-2015 | 2002 | 2000 | 2001 | 27.4 | 2.8 | 5.0 | -7.2 |
Guinea Forest | 1999-2015 | 2007 | 2014 | 2000 | 34.2 | 3.7 | -3.3 | 0.2 |
Guinea (overall) | 1999-2015 | 2007 | 2014 | 2002 | 36.6 | 2.6 | -4.7 | 0.1 |

The analysis of the second rainfall break identified over
the sub-period 1999-2015 highlights a delayed, spatially
heterogeneous, and temporally asynchronous phase of
climatic adjustment across the regions of Guinea (Table 2).
This evolution is characterized by a dominant decreasing
trend in rainfall totals over the post-break segments,
reflecting a significant reorganization of the precipitation
regime. The Pettitt and Lee & Heghinian statistical tests
converge toward a clear break around 2005 in Lower
Guinea, whereas later or more dispersed breakpoints are
identified in Forest Guinea and at the national scale (2007
and 2014, respectively), confirming the persistence of
strong spatio-temporal variability in rainfall signals.

From a quantitative perspective, the segmentation
obtained using Hubert’s method (Series 3) reveals an
overall degradation or stagnation of mean precipitation
values compared to previous periods. This pattern is
particularly pronounced in Lower Guinea, where the
relative variation rate reaches —9.5% (VR2), indicating a
significant decline in rainfall amounts (Table 2). In
contrast, Upper Guinea exhibits a short-lived positive
anomaly (+5.0% for VR2), followed by a renewed
decrease (—7.2% for VR3), highlighting persistent
instability in the rainfall signal.

The most critical aspect of this analysis lies in the
persistence of high standard deviation values (o3) across
the entire territory, particularly 5.7 in Lower Guinea and
3.7 in Forest Guinea (Table 2). This sustained variability
indicates that the second break does not lead to a
stabilization of the rainfall regime. Instead, it reflects a
continued state of hydro-climatic instability characterized
by alternating episodes of intense precipitation extremes,
thereby reinforcing climatic uncertainty at both regional
and national scales.

In Table 2, the symbols are defined as follows:

e ms: mean value of the time series (e.g., precipitation
or the considered climatic index) corresponding to
the third homogeneous sub-period identified using

the Hubert segmentation method. It is expressed in the
same physical unit as the studied variable (e.g., mm for
precipitation).

e 03 standard deviation of the third sub-period. It
measures the intra-period variability around the
mean value ms and is expressed in the same unit as
the analyzed variable.

e RV 2 and RV 3 (Relative Variations): relative
changes (%) between successive sub-periods
detected by the segmentation procedure. They
quantify the magnitude of shifts between
consecutive climatic regimes and are expressed in
percentage (%).

o Break dates (Pettitt, Lee & Heghinian, Hubert tests):
years of statistically significant change points
identified using non-parametric  change-point

detection methods. Each method independently
estimates the timing of shifts in the precipitation
regime.

The high-resolution spatial cartographic analysis of the
second rainfall breaks (1999-2015) reveals a pronounced
asynchrony in the adjustment dynamics of the West
African monsoon system, reflecting a clear climatic
compartmentalization driven by local topographic and
geographical controls (Figure 5). The Pettitt test (Figure
5a) highlights an early vulnerability of the coastal (Lower
Guinea) and southern (Forest Guinea) zones, characterized
by a dominant shift during the transition period 2003—
2007. This pattern indicates a rapid structural
reorganization of oceanic moisture inputs, as well as a
significant feedback from vegetation cover dynamics. In
contrast, the Fouta Djallon highlands and the eastern
plains of Upper Guinea exhibit stronger temporal
resilience. The Lee & Heghinian test (Figure 5¢) identifies
much later breakpoints in these regions, mainly occurring
during the recovery phase (2008-2011) or the post-2012
stabilization period, confirming that inland areas respond
more slowly to regional synoptic-scale variability.

a. PETTITT (Sub-Series : 1999-2015) b. HUBERT (Sub-Series : 1999-2015)
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Figure 5. Cartographie des dates des secondes ruptures climatiques en
Guinée sur la sous-série 1999-2015 selon trois méthodes statistiques : (a)
Pettitt, (b) Hubert, et (c) Lee & Heghinian. Les carrés de couleur
indiquent les différentes phases identifiées, allant de la sécheresse
persistante (1999-2002) a la stabilisation (depuis 2012) en passant par la
reprise des pluies. Les lignes noires délimitent les frontiéres
administratives des différentes régions étudiées

From a methodological perspective, the comparison of
algorithms underscores their differential sensitivity to
hydro-climatic signals of varying frequencies. The Hubert
segmentation method (Figure 5b) is characterized by a
near-generalized detection of early breaks during the
1999-2002 sub-period, consistent with the thermal
anomaly and widespread rainfall deficit that affected sub-
Saharan Africa at the turn of the century. In contrast, the
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predominance of late signatures (post-2012) in the Lee &
Heghinian framework highlights more gradual transitions
and a tendency toward relatively more stable hydro-
climatic conditions toward the end of the series.

Overall, these cartographic results demonstrate that
the second phase of climatic reorganization in Guinea is
not uniform. It is driven first by an immediate response
of continental ecosystems to the 2000 drought, followed
by a deeper atmospheric and hydrological adjustment in
coastal and forested regions during the mid-2000s, and
finally by the establishment of a general stabilization
phase after 2012.

4. Discussion

The analyses of standardized precipitation indices (SPI)
reveal a clear alternation of wet and dry phases across
Guinea, together with a pronounced reorganization of
rainfall regimes starting in the mid-1990s. The breakpoint
analyses obtained from the Pettitt, Buishand, and Hubert
segmentation tests consistently indicate that rainfall
variability is dominated by abrupt shifts rather than
gradual transitions. These results are consistent with
previous investigations across West Africa, which have
documented significant discontinuities in hydroclimatic
time series associated with large-scale climate
reconfigurations (e.g. [6,7]). The timing of these structural
breaks is also broadly consistent with the post-Sahelian
drought recovery phase, during which major modifications
of the West African monsoon system and rainfall recovery
dynamics have been widely reported (e.g. [1,2]).

Although the presence of climatic breakpoints aligns
with earlier regional studies, the present work further
demonstrates that their magnitude, timing, and
hydroclimatic consequences vary markedly across
Guinea’s four natural regions. Coastal environments in
Lower Guinea, mountainous terrains in Middle Guinea,
continental conditions in Upper Guinea, and humid forest
ecosystems in Forest Guinea exhibit distinct rainfall
responses to the detected climatic shifts. These spatial
contrasts highlight that Guinea cannot be treated as a
climatically homogeneous entity, as precipitation
variability is strongly modulated by local physiographic
controls, altitude gradients, land cover characteristics, and
the proximity to oceanic influences. In this regard, the
present findings extend previous West African-scale
studies by explicitly quantifying intra-national
heterogeneity in rainfall regime changes.

Another key result is the marked intensification of
rainfall variability following the identified breakpoints.
The increase in post-break standard deviations indicates a
progressive destabilization of the rainfall regime,
characterized by more irregular and less predictable
precipitation patterns. Similar increases in hydroclimatic
variability have been reported in recent studies of the
West African monsoon system, where enhanced
fluctuations have been linked to stronger internal climate
variability and a rise in extreme hydroclimatic events (e.g.
[10,11,12,13,14,15,16]). This suggests that recent climate
evolution in Guinea affects not only mean precipitation
conditions but also the stability and persistence of rainfall
regimes, with important implications for agricultural

productivity, water resource management, and ecosystem
resilience.

The identification of a secondary transition phase
spanning approximately 1999-2015 further underscores
the complexity of rainfall evolution in Guinea. Rather than
a uniform post-break recovery, the results reveal
asynchronous and regionally differentiated responses
across the country. Lower Guinea and Upper Guinea
generally experienced stagnation or decline in rainfall
conditions after the breakpoints, whereas Forest Guinea
displayed higher sensitivity to climatic perturbations,
reflected in stronger interannual fluctuations. These
divergent trajectories suggest that the response of rainfall
to large-scale atmospheric and oceanic forcing is strongly
mediated by regional environmental characteristics and by
nonlinear interactions between circulation systems and
surface conditions. Consequently, rainfall evolution in
Guinea appears to result from multiple interacting
processes rather than a single dominant climatic driver.

The main originality of this study lies in its integrated,
multi-method assessment of rainfall variability across all
four natural regions of Guinea. By combining
standardized  precipitation indices  with  several
complementary breakpoint detection techniques, the
analysis provides a robust and internally consistent
identification of hydroclimatic transitions. While most
previous research has focused on Sahelian contexts or on
long-term trend detection at broader spatial scales, this
study offers a detailed national-scale perspective that
explicitly resolves spatial heterogeneity in abrupt rainfall
changes. In addition, the comparative analysis of pre- and
post-break periods provides new evidence of a progressive
fragmentation of rainfall regimes across Guinea, a feature
that has been only marginally addressed in earlier
literature.

Overall, the results demonstrate that Guinea has
experienced a substantial reorganization of its rainfall
regime over recent decades, characterized by increasing
spatial differentiation and enhanced interannual variability.
These findings reinforce the view that hydroclimatic
transitions in West Africa are neither spatially uniform nor
temporally synchronous. They also provide a stronger
scientific basis for improving climate monitoring
frameworks, refining regional rainfall predictability, and
supporting the development of targeted adaptation
strategies adapted to the diverse environmental and socio-
economic contexts of Guinea.

5. Conclusion

The results of this study reveal a pronounced
reorganization of the rainfall regime in the Republic of
Guinea over the 1986-2015 period. The analysis of
standardized precipitation indices (SPI), combined with
multiple statistical breakpoint detection techniques,
consistently identifies the emergence of major climatic
transitions from the mid-1990s onward. These transitions
reflect a significant alteration in the statistical structure of
rainfall time series, indicating that precipitation variability
is governed by abrupt regime shifts rather than smooth or
gradual evolution.

Importantly, these changes exhibit strong spatial
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heterogeneity across the national territory. The four
natural regions of Guinea display distinct hydroclimatic
responses, shaped by the combined effects of latitudinal
positioning, topographic contrasts, proximity to the
Atlantic Ocean, and interactions between mesoscale and
large-scale atmospheric circulation. As a result, coastal
zones, the Fouta Djallon highlands, the Upper Guinea
savannah, and the Forest Guinea domain emerge as
differentiated climatic sub-systems, each characterized by
specific rainfall variability patterns and breakpoint
structures.

The analysis further reveals a significant intensification
of interannual rainfall variability following the detected
breakpoints, as evidenced by increased variance and a
higher frequency of extreme precipitation events. This
evolution suggests a progressive destabilization of the
Guinean hydroclimatic system since the late 1990s, with
rainfall becoming more irregular and less predictable. In
addition, the secondary transition phase identified between
approximately 1999 and 2015 indicates a delayed and
spatially asynchronous adjustment of rainfall regimes,
often manifested by stagnation or decline in precipitation
totals in several regions. Overall, these results support the
interpretation that rainfall evolution in Guinea reflects a
structural reconfiguration of the climate system rather than
a simple monotonic trend.

Beyond the diagnostic characterization of rainfall
variability, this study contributes to hydroclimatic
research in West Africa by integrating standardized
precipitation indices with multiple complementary
breakpoint  detection  methods. This  combined
methodological framework enhances the robustness of
abrupt change detection and allows a more precise
assessment of the timing, magnitude, and spatial
differentiation of rainfall regime shifts. In doing so, the
study fills an important gap in the literature, as national-
scale analyses explicitly addressing hydroclimatic
discontinuities in Guinea remain limited.

From an applied perspective, the findings carry
significant implications for climate risk management and
sectoral planning. The identification of region-specific
rainfall regime shifts provides critical information for
improving water resource management, including
reservoir operation, watershed regulation, groundwater
recharge assessment, and the mitigation of flood and
drought hazards. In the agricultural sector, these results
may support the adjustment of cropping calendars, the
selection of climate-resilient crop varieties, and the
optimization of irrigation strategies in response to
increasing rainfall variability. More broadly, the strong
spatial contrasts observed in rainfall behaviour underscore
the need for differentiated adaptation strategies that
account for the specific hydroclimatic conditions of each
natural region, rather than uniform national approaches.

These findings are also relevant for strengthening
climate services and early warning systems in Guinea.
Incorporating the identified rainfall regime shifts into
seasonal forecasting frameworks, hydrological planning,
and disaster risk reduction strategies would improve
preparedness and enhance the resilience of vulnerable
populations to hydroclimatic extremes. In this sense, the
results provide an evidence-based foundation for climate-
resilient development and support informed decision-

making in sectors highly dependent on rainfall variability.

Finally, future research should focus on elucidating the
physical mechanisms underlying these abrupt changes by
explicitly examining the role of ocean-atmosphere
interactions, including sea surface temperature anomalies
in the tropical Atlantic, the EI Nifio—Southern Oscillation
(ENSQO), the Indian Ocean Dipole (IOD), and other
relevant climate teleconnection patterns. The combination
of statistical approaches with regional climate modelling
and high-resolution satellite datasets would further
improve understanding of rainfall variability processes in
Guinea and enhance the ability to anticipate future
hydroclimatic changes under different climate change
scenarios.
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