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Abstract: The impacts of Climate Change are quite visible in Guinea-Bissau. Greater irregularity at
the beginning and end of the rainy season, as well as in relation to the interannual variability of
precipitation, are evidence that shows these phenomena in West African countries and particularly
in Guinea-Bissau, where the agriculture is rain-fed. The year 2020 was characterized as very rainy
in comparison to the climatological average of 1981-2020, with positive anomalies throughout the
country, despite the late arrival of the wet season, which usually occurs in May. July, August, and
September 2020 were the rainiest months, registering above a normal frequency of days with pre-
cipitation greater than 50 mm. Bissau, the capital, registered a record-breaking annual rainfall and
monthly amounts higher than the 90th and 95th percentiles in July and August, respectively. This
heavy rain accompanied by strong winds caused flooding in several urban areas and agricultural
fields, and the destruction of roads, houses, and infrastructures in different cities across the country.
As a way of mitigating these impacts, the government, through the Ministry of Solidarity, made
available 100 million CFA francs (6.5 million euros) to help families that were victims of the floods.
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1. Introduction

In West Africa, weather and climate have a major impact on agricultural production,
water resources, and public health, as well as other economic sectors such as power gen-
eration, transport, and fisheries. Guinea-Bissau (Figure 1) belongs to the group of the
world’s poorest and most fragile countries. Its economy is essentially based on non-mech-
anized rain-fed agriculture, fishing, cashew exports, non-formal trade, and foreign aid. In
this country, agriculture is the most dominant economic sector, contributing for 69% of
GDP, contributing to over 90% of exports [1], and employing 83.6% of the active popula-
tion [2]. These elements reveal a context of strong vulnerability to the variability of pre-
cipitation. About 75% of the population lives in rural areas and depends mainly on agri-
culture for their livelihood, so the lack or excess of rain reflects negatively on the living
subsistence levels. Similar to other West African countries, the impact of climate variabil-
ity is manifested by reduced agricultural production, worsening food crises [3], and in-
creased imports [4]. Accumulated evidence indicates that agricultural production is being
affected by climate change [5] which represents an additional burden for developing
countries in meeting food security targets [3] and the amount needed to meet the increas-
ing demand for food. The populations of Guinea-Bissau coastal areas are among the most
vulnerable communities to sea-level rise (SLR) and tropical storms in Africa [6], and
coastal flooding will tend to intensify with the expected SLR in coming decades [7]. The
intensity and frequency of heavy rainfall have increased significantly [8,9] in West Africa,
and provide a glimpse of what the future rainfall regime might look like. Projected
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increase in heavy rainfall events at all levels of warming in many regions in Africa will
cause increasing exposure to pluvial and riverine flooding (high confidence), with ex-
pected human displacement increasing 200% for 1.6 °C and 600% for 2.6 °C [10]. These
extreme variations have serious consequences for populations and development, and are
associated with hydro-climatic events such as extreme floods and droughts [8] that often
lead to loss of life, population displacement, damage to the infrastructure, and disastrous
disruption to water management and agriculture. In addition to extreme events, annual
rainfall variability is a major concern for West Africa regarding the timing of agricultural
activities.
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Figure 1. Location of Guinea-Bissau, its administrative regions, and meteorological stations used in
this study. In the map on the left, black dots are the stations with longer climatological series (1981-
2020), and gray dots are the remaining stations with precipitation data for 2020.

The course of the agricultural season in Guinea-Bissau is controlled by the evolution
of the Intertropical Front (ITF), which is a key feature of atmospheric circulation over the
West African region. The ITF is a discontinuity surface between two air masses with very
different characteristics: tropical continental, warm and dry air from the harmattan of the
northern hemisphere, and tropical maritime, cold and humid air, from the monsoon in
the southern hemisphere [11]. The monsoon phenomenon is linked to seasonal variations
in the Intertropical Convergence Zone (ITCZ) and follows the apparent movement of the
Sun, moving north during the rainy season and returning south during the dry season
[12]. Some studies [13-15] have revealed the close link between the West African Monsoon
and daily average rainfall during the rainy season in the region. The West African mon-
soon dynamics depend on the sea surface temperature (SST) anomalies [16]. Higher
amounts of rainfall in the Sahel regions are observed in the presence of negative SST
anomalies in the Gulf of Guinea and simultaneously in a position further north of the
ITCZ [11] while, in the Gulf of Guinea, increased precipitation along the coast is associated
with increased moisture transport in the lower troposphere induced by the positive SST
anomaly and a higher evaporation flux [17]. The atmospheric mechanisms responsible for
rainfall intensification in the West African Monsoon region are mainly associated with the
enhanced activity of mesoscale convective systems (MCS), which in turn are driven by
atmospheric features such as Easterly waves (AEW) and Kelvin waves, e.g., [18-21].

The seasonal Forecast of Agro-Hydro-Climatic Characteristics for the Sahel zones
and West African countries [22] predicted before the start of the rainy season of 2020 that
the year would be rainy based on analyses of the surface temperatures of the tropical At-
lantic Ocean, which were generally above average, particularly in the Gulf of Guinea and
along the coasts of West Africa, which are the favorable conditions for a rainy season,
especially for Guinea-Bissau.
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In Guinea-Bissau, late onsets and early ends of the rainy season are factors of concern
for peasant communities regarding the success of the agricultural campaign [23]. This sit-
uation can be further aggravated by the occurrence of droughts or excessive rains during
crop development. The year 2020 was characterized as an anomalously wet year. Despite
the late arrival of precipitation (beginning of June), the months of July, August, and Sep-
tember were very rainy, which had great consequences related to flooding in the rice fields
in the bolanhas and fields of cultivation in the plateaus such as corn, sorghum, mancarra
(peanuts), beans and others, causing large derangements and delays in farming activities
due to excess water. The relevance of these impacts motivated the authors to carry out this
observational study to achieve the following objectives: (1) assess the anomalous, very
rainy character of the 2020 rainfall year in Guinea-Bissau using the available long-term
precipitation records of the country, and a high-resolution dataset combining rainfall sat-
ellite estimates with in situ observations (CHIRPS); (2) characterize the most critical peri-
ods of abundant rainfall, and identity the most affected regions; (3) describe the main im-
pacts of the 2020 rainfall, namely its effects on agricultural production and destructive
effects (floods, damage to infrastructure). Possible physical mechanisms of the anomalous
2020 rainfall in Guinea-Bissau were not addressed in the current research because this
issue will require an upcoming specific study, similarly to those conducted by [24,25]
which, respectively, studied precipitation extremes verified in the same year in Java (In-
donesia) and Eastern China.

2. Materials and Methods
2.1. Study Area

The Republic of Guinea-Bissau (Figure 1) is located in West Africa, limited to the
North and East by the Republic of Senegal, South by the Republic of Guinea-Conakry, and
West by the Atlantic Ocean, covering a total surface of 36,125 km? Due to the dominance
of flat and low-lying areas, combined with the ecological context, extensive marshy forests
of mangroves can be found in the coastal mainland estuaries of Cacheu, Biombo, Oio,
Quinara, and Tombali regions and in the Bijagos archipelago [26] (region’s location can be
seen in Figure 1). According to [27], Guinea-Bissau is the second country in Africa with
the largest extent of mangrove forest and pertains to the top 15 in the world with this land
use class.

The climate of West Africa is dominated by the monsoon which is one of the world’s
three main monsoon systems. The West African Monsoon represents a seasonal reversal
of the prevailing surface winds over most of the West African region. The winter northeast
Harmattan winds are replaced in the summer months by the southwest monsoon winds.
Summer monsoons bring moisture from the Atlantic Ocean to the mainland and therefore
fuel the annual precipitation that is so critical for local populations. Year-to-year monsoon
variations determine the difference between good rainfall years and bad years; or on a
regional basis, between sufficient rain and drought [28].

The climate of Guinea-Bissau is tropical, and according to the Képpen climate classi-
fication, it is a tropical climate of the Aw type, with a rainy season in the summer and a
dry season in the winter. The coastal zone is characterized by a tropical sub-Guinean cli-
mate with average annual rainfall between 1500 and 2500 mm and the continental part is
characterized by a tropical Sudan-Guinean climate with rainfall between 1000 and 1500
mm [29]. Annual average temperatures range from 24 °C to 27 °C [30]. The temperature
regime (Figure 2) is characterized by a low annual range (less than 4 °C), May as the hot-
test month (29 °C) and January as the coldest one (25 °C). The annual rainfall regime is
defined by two seasons, the dry season which runs from November to early May, with
dominant Northeasterly winds (including the Harmattan wind, characteristic of this re-
gion of West Africa [31], and the rainy season, which starts in late May and extends to
early November. The wettest months throughout the year are the months of July, August,
and September (Figure 2).
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Figure 2. Mean monthly precipitation (columns, with error bars based on standard deviation) and
mean monthly temperature (line) in Bissau/Observatory station, over the period 1981-2010. Data
source: National Institute of Meteorology of Guinea-Bissau.

2.2. Data

Four main meteorological stations in the country have long series of climatological
data (Figure 1, black dots): Bissau Observatory station, which represents the center and
north; the Bolama station represents the south and islands; Bafata and Gabu stations are
representative of the climate in the inner and eastern sector of the territory. In addition to
these meteorological stations, data from other fifteen rainfall stations of Guinea-Bissau
and conterminous regions (Figure 1, gray dots) were used to plot maps of annual and
monthly precipitation sums.

To overcome the limitations that arise from the scarce number of gauge stations with
long-term series of rainfall data, it was also necessary to explore, as a supplementary in-
formation source, a high-resolution dataset combining satellite rainfall estimates with in
situ observations, the widely used Climate Hazards Group InfraRed Precipitation with
Station dataset (CHIRPSv2.0s) [32]. This daily gridded dataset is global, and its temporal
domain extends from 1981 to present, allowing construction of 2020 anomaly maps
(yearly and monthly precipitation amounts) based on a climatological period.

2.3. Precipitation Mapping

Interpolation modeling techniques were performed in QGIS software (3.22 version),
namely the Inverse Distance Weighting method, allowing the construction of different
maps depicting annual and monthly precipitation spatial patterns, based on meteorolog-
ical stations. Climate Data Operators and Panoply (version 5.2.3) were the applications
used to manipulate and analyze precipitation gridded data (CHIRPSv2.0 dataset).

2.4. Calculations of Anomalies and Different Types of Climate Indices

The 40 years series of observed precipitation data (1981-2020) from the four main
stations mentioned above were used for the calculation of annual precipitation anomalies
concerning the climatological mean of the same period and the calculation of the monthly
percentiles (90 and 95%), as well as in calculating several extreme precipitation indices
regarding the rainy year of 2020. A selection of daily precipitation indices [15] for the year
2020 was calculated for the four main stations above mentioned and comprise the total
annual precipitation, number of rainy days, number of days with precipitation greater or
equal to 1 mm, 10 mm, 25 mm, 50 mm, 75 mm, and 100 mm, respectively, and also the
identification of the wettest day of the year.

Precipitation anomalies were calculated for the period (1981-2020) using the equa-
tion given below [33] to identify the wettest and driest years of the referred period.
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where I is the precipitation index or anomaly, xi is the precipitation of year I, X is the
average precipitation for the reference period, and § is the standard deviation of the pre-
cipitation of the climatological series.

A table (not shown) listing the days of precipitation greater than 50 mm in the wettest
months (July, August, and September) in the analyzed stations was produced to identify the
most critical precipitation events to trigger flooding that occurred in different parts of the
country. The software Instat+ [34] was used to calculate the extreme precipitation indices.

)

3. Results
3.1. 2020 Annual Rainfall: Spatial Patterns and Anomalies

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

The annual rainfall in 2020 (Figure 3) was above average across the entire territory of
Guinea-Bissau. Figure 3 shows that in general, coastal areas south of Bissau and islands
were the rainiest areas of the country, with amounts surpassing 2000 mm, or even 2200 mm
in both margins of the downstream sector of the Geba river (approximately the areas be-
tween Bissau and Bolama, Figure 1a). The corresponding anomalies varied between 1000
and 1500 mm in these regions (Figure 1b). The less rainy area was the East, especially the
region of Gabti, showing total amounts varying between 1300-1650 mm, nevertheless quite
above the normal values (Table 1, commented later in the text). The North and center of the
country exhibited intermediate amounts of annual rainfall, registering between 1650 and
1950 mm.

Table 1. Comparison of several rainfall parameters with the corresponding average of the climato-
logical period (1981-2020) in Guinea-Bissau. Above normal values are indicated in bold.

Bissau Bolama Bafata Gabu
| rainfall 2020 2322.2 2340.7 1693.6 15204
Total rainfal 1981-2020  1502.1 1953.5 1427.5 1252.1
Maximum daily rain- 2020 132 180 102 121.3
fall 1981-2020 209.5 240.6 209.5 208.3
Number of rainfall 2020 95 110 101 96
days 20,1 mm 1981-2020 88 113 90 79
Number of rainfall 2020 57 66 52 43
days > 10 mm 1981-2020 45 50 42 38
Number of rainfall 2020 25 26 26 16
days > 25 mm 1981-2020 21 27 20 6
Number of rainfall 2020 16 12 6 6
days > 50 mm 1981-2020 7 10 6 4
Number of rainfall 2020 8 6 2 2
days =75 mm 1981-2020 3 5 2 1
Number of rainfall 2020 5 3 1 2
days > 100 mm 1981-2020 1 2 1 1
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Figure 3. 2020 annual rainfall (mm) in Guinea-Bissau: (A) total amount; (B) anomaly (annual pre-
cipitation in 2020 minus long-term of mean, 1981-2020 baseline reference period). Data source: Na-
tional Institute of Meteorology of Guinea-Bissau.

The annual precipitation anomalies of 1981-2020 compared to the climatological av-
erage of the same period (Figure 4) led us to consider that the year 2020 is characterized
as a very rainy year across the country. Hence, all four stations with available long-term
precipitation series (Bissau, Bolama, Bafata, and Gabt1) show positive precipitation anom-
alies, ranging from +1.1 in Bafata to +2.2 in Bissau for the year 2020. As can be noted ob-
serving Figure 4, despite the strong interannual variability of the precipitation along the
climatological series of the four selected stations, the year 2020 was exceptional, particu-
larly in the case of the station Bissau-Observatory. In this location, over four decades, a
positive precipitation anomaly equivalent to the year 2020 has never been detected. More-
over, in 2020 Bissau registered its maximum annual rainfall, at least since 1971, the first
year of the longest continuous and complete annual precipitation data series of Guinea-
Bissau.
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Figure 4. Annual rainfall anomalies in four stations of Guinea-Bissau over 1981-2020. The 2020
anomalies are represented by dark columns. Data source: National Institute of Meteorology of
Guinea-Bissau.

3.2. 2020 Monthly Rainfall: Spatial Patterns and Anomalies

As stated in Section 2.1, the precipitation regime in Guinea-Bissau is characterized by
its concentration in July, August, and September, with August being generally considered
the wettest month of the year in terms of monthly rainfall totals and frequency of rainy
days.

At the monthly temporal scale, the anomalously rainy character of 2020 revealed con-
siderable differences across the country, as Figure 5 illustrates. The graphs in Figure 5
allow the comparison of monthly totals for 2020 in the 4 meteorological stations under
analysis with the corresponding 90th and 95th percentiles of the monthly precipitation
series (1981-2020 period). It is evident that except for the Bissau/Observatory in July and
August—where the monthly totals were higher than the 90th and 95th percentiles—, the
remaining stations show slightly lower values compared to the percentiles of the refer-
ence. Nevertheless, it must be underlined the close approximation between the curves of
the monthly extreme percentiles to the monthly totals of 2020, except for the Bafata station
for August, which recorded low rainfall in 2020.
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Figure 5. 2020 monthly precipitation and corresponding 90 and 95 percentiles of daily precipitation
series over 1981-2020. Data source: National Institute of Meteorology of Guinea-Bissau.

The study of the spatial patterns of the precipitation during the core months of the
2020 wet season was carried out by constructing the maps depicted in Figure 6.

For July 2020, the highest volume of precipitation was observed in coastal areas south
of Bissau, and as we move away from this area towards the interior of the continent, we
see a decrease in volume, but not in a linear way throughout the territory (Figure 6a).
Precipitation was more than 75% higher than the average (1981-2020) in the coastal areas
(Figure 6d).

On the other hand, the month of August—the rainiest of the wet season—, recorded
very abundant rainfalls, with greater concentration in coastal areas (700 mm), followed by
the center of the country (500-600 mm), and finally the eastern area with a distribution of
between 400 and 500 mm (Figure 6b). These amounts corresponded to more than 50%
higher in the northern coastal regions (Figure 6e).

As for September, the distribution of precipitation was quite different from the pre-
vious months. The extreme south zone has less rainfall than the rest of the country with
350mm, followed by the east zone with 400 mm. In the extreme north, including the
coastal zone north to the center, the monthly accumulation varies between 450-550 mm
(Figure 6¢). The anomaly panel (Figure 6f) shows that the precipitation exceeded again
the mean amount (anomalies above 100%) in the whole country.
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Figure 6. Monthly rainfall (mm) in July (a), August (b), and September (c) 2020, in Guinea-Bissau.
Monthly rainfall anomalies (% of 1981-2020 mean) in July (d), August (e), and September (f).

3.3. 2020 Daily Rainfall: Choronology and Extreme Events

The observations show that the 2020 daily rainfall that occurred during July, August,
and September (considered the rainiest months) was particularly abundant (Figure 7).
There were no dry sequences greater than or equal to 7 days in all seasons. However, at
Bafata station there was a maximum rainfall break period of 6 days (4-9 July). It was also
recorded in this station over this period of 6 days with a daily total of precipitation greater
than 50 mm, and an extreme event stands out: 102.0 mm on the 30th of July.

In Gabu, there was no rain breaks for more than 3 days during July, August, and
September and during the same period, a volume of precipitation greater than 50mn was
recorded in 6 days, with two maxima of 113.3 mm and 121.3 mm, respectively.

The Bissau Observatory station presented several notable precipitation events in
terms of daily accumulation. The maximum break of rain during the period was 2 days
and during these three months, rainfall greater than 50 mm was recorded in 16 days, of
which 5 days had values greater than 100 mm daily.

At Bolama station, located in the south of the country, rainfall was almost uninter-
rupted during the 3 wettest months of the year. The longest rain break lasted only 2 days
during this period, and rainfall greater than 50 mm was recorded for 12 days, with 3 days
with a volume greater than 100 mm.

To better understand the precipitation behavior of 2020 in comparison to the corre-
sponding average of the climatological period (1981-2020), several climatic parameters
referring to rainfall were put into comparative analysis such as total annual precipitation,
maximum daily rainfall, the number of days of rain 0.1 mm, >10.0 mm, n >25.0 mm, >50.0
mm, 275.0 mm, and >100.0 mm (Table 1).

In this comparison, it is highlighted that the total rainfall observed in 2020 and the
number of rainy days > 10.0 mm was higher than the climatological average in all the
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stations under study. Another highlight is the number of days with precipitation >0.1 mm
and 25.0 mm, which shows us that the year 2020 has values higher than the climatological
average of 1981-2020 for all the parameters, apart from Bolama.

Regarding the number of rainy days > 50.0 mm, 75.0 mm, and 100.0 mm, except for
Bafata, the remaining stations registered frequencies higher than the climatological aver-
age, with more highlight in the Bissau station with values greater than twice the values
observed in the reference period 1981-2020.

For sake of final comment, it must be emphasized that Bissau, the capital, registered
an outstanding number of extreme precipitation events (e.g., 5 days with precipitation
above 100 mm), a fact that was critical to explain the detrimental impacts of the heavy
rains, taking into account that more than 1 million of people (more than half of the country
population) lives in this district.
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Figure 7. Daily rainfall in Bafatd, Gabt, Bissau, and Bolama from 1 June to 30 September 2020. Pre-
cipitation days with rainfall amounts above 50 mm are indicated.
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3.4. 2020 Rainfall Impacts on Agriculture, Infrastructures, and Housing

The World Food Program (WFP) monitored the effects of heavy cumulative rains in
August and September 2020 that caused flooding in many areas of the West African region
resulting in deaths, property damage, destruction of livelihoods, population displace-
ment, and deterioration of roads. According to the Ocha report [35], the floods affected
2.7 million people in 18 West and Central African countries, while the estimated number
of human victims in Guinea-Bissau achieved 6000 people [36]. An insight into agricultural
and infrastructural damages in this very vulnerable country is undertaken in this section.

3.4.1. Agriculture

Because rainfall is a determining factor for the success of crops, the 2020/2021 agri-
cultural season was characterized by the late arrival of the first rainfall, and sowing activ-
ities only started in June and July. Due to the heavy rains that fell in July and early August,
Guinean farmers experienced tremendous difficulties in their agricultural activities, being
forced, in many cases, to have to purchase equipment, such as PVC pipes, to drain the
water accumulated in the flooded fields.

The government, through its partners, managed to provide farmers with 1208 tons
of improved agricultural seeds, 300 tons of fertilizers, 1039 litters of phytosanitary prod-
ucts, and 60 tractors to support agricultural activities [36]. Despite this government’s help,
many farmers suffered huge losses due to heavy rains that caused flooding in many agri-
cultural fields, especially in the regions of Oio, Cacheu, Tombali, Quinara, Bafatd, and
Bissau Autonomous Sector (Figure 8). In some hydrographic basins, significant overflows
of rivers that caused floods affecting many agricultural fields were also observed, whose
damages were incalculable. The same report points out that the expected total gross pro-
duction of cereals (rice, maize, sorghum, millet, fonio millet) for the 2020/2021 campaign
was estimated at 257,504 tons, and the total private commercial intentions to import cere-
als was 166,517 tons to address the production deficit. In addition, the weak cashew pro-
duction of 2020 that constituted the exchange with imported rice and the low price
charged by traders to farmers (300 CFA/Kg) made farmers even more vulnerable to food
security.

Figure 8. Rice growing areas were flooded by heavy rains on the outskirts of Bissau. Source: SNPC,
2020.

3.4.2. Infrastructures and Housing

According to the Guinea-Bissau civil protection services [36], 4617 people were vic-
tims of floods caused by heavy rains observed in July and August 2020, with the capital
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Bissau having more than 50% of these victims (Figure 9; Table 2). In addition to heavy
rains that impacted social infrastructures, such as schools, public health centers, and
roads, strong winds also victimized 1374 families, with the highest number of victims reg-
istered in the Cacheu Region, Autonomous Sector of Bissau, and Region of Gabu. Serious
damage affected the national TV facilities (Television of Guinea-Bissau, TGB), and because
of the strong winds, the storm knocked down the mast that supported the radiant anten-
nas and the radio beam (Figure 9), causing enormous financial losses, in addition to par-
alyzing the emission of the signal for some time [37].

Table 2. Total number of displaced people by region caused by strong winds and flooding. Source:
National Civil Protection Service, Guinea Bissau.

Regions Strong Winds Floods Total
Bissau (SAB) 296 2851 3147
Tombali 174 0 174
Quinara 65 0 65
Cacheu 387 147 534
Bafata 78 178 256
Gabu 231 663 894
Bolama 6 0 6
Biombo 49 778 827
Oio 88 0 88
Total 1374 4617 5991

Due to the impacts caused by the heavy rainfall, floods and strong winds, the number
of homes destroyed across the country was outstanding (Table 3). The neighborhoods on
the outskirts of the capital —Bissau (Bor, Cuntum Madina, Jerico and Quelelé, Ponta Neto
neighborhood) —did not escape the floods caused by the intense rains that caused material
damage and disrupted goods supply and services, and as a result, residents cried out for
the help from the government and asked for the adoption of safety measures to their lives
[26] (Figure 9). According to the testimonials of the residents of these lowland quartiers,
the lack of a rainwater drainage system in the neighborhoods is the main cause of the
floods that occur every year, so they claimed that the government must build large ditches
and sewers that allow the circulation of rainwater, to reduce the flooding and the suffering
of populations [38]. As a result, the government made available a fund of 100 million CFA
francs (6.5 million euros), through the Ministry of Solidarity, to help victims of the severe
weather in different regions, namely Bissau, Boé (East), Cacine (South), and the entire re-
gion of Cacheu (North) [39].

Table 3. Number of homes completely and partially destroyed, by region, caused by strong winds
and flooding. Source: National Civil Protection Service, Guinea Bissau.

Strong Winds Floods Flood
Regions Total De- Partial De- Total De- Partial De- Total De- Partial De-
struction  struction struction struction struction struction
SAB 22 20 25 225 47 245
Tombali 14 6 14 6
Quinara 5 3 5 3
Cacheu 24 18 19 63 43 81
Bafata 1 13 2 19 3 32
Gabu 1 20 64 9 65 29
Bolama 0 3 0 3
Biombo 5 4 50 77 55 81
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Oio 12 0 12 0
TOTAL 84 87 160 393 244 480

Figure 9. Flood damage in Bissau. (A) —TVGB repair work after damage caused by rain and strong
winds; (B, C)—Effects of strong winds in Bissau suburbs; (D-F)—Flooded houses in the outlying
neighborhoods of the city of Bissau. Sources: O Democrata GB, VISAO, and SNPC.

4. Discussion and Conclusions

The evidence of climate change is increasingly undoubted in Guinea-Bissau. The start
and end of the rainy season became more irregular in recent decades and the interannual
variability of the precipitation appears to be increasing. The 2020 wet season was ex-
tremely rainy in most of the Guinea-Bissau territory. Bissau, the capital registered its max-
imum annual rainfall, at least since 1971, the first year of the current continuous and com-
plete climatic data series. The annual amount recorded at Bissau/Observed —2322 mm—
corresponds to an anomaly surpassing two standard deviations, the greatest of the last (at
least) 50 years. This changing behavior of the climate denotes clear similarities to the iden-
tified trends in West African countries [8]. The monthly totals of precipitation for 2020
July and August in Bissau/Observatory station were higher than the 90 and 95 percentiles
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for the 1981-2020 period, which agrees with Blunden and Boyer [40] findings, who de-
scribed rainfall above 90 and 95 percentiles in western Niger and Senegal during July-
September.

Although the rains arrived late in Guinea-Bissau in 2020, the very abundant rains of
July, August, and September resulted in a rainfall year much rainier than the climatolog-
ical average values (1981-2020 period). A monitoring report for the 2020 African climate
[40] also identified poor rainfall at the beginning of the 2020 rainy season in West Africa,
and stated that the forecast predicted a shift of this situation to wetter conditions in July,
August, and September, right how it came to happen in Guinea-Bissau, and as it was
shown in this study. Another seasonal assessment document on the 2020 rainy season in
West Africa, carried out by the World Food Program [41], reported the late arrival of the
rainy season and its intensification in July, August, and September at the level of West
African countries including the Guinea-Bissau [41]. It should be noted that the late onset
of the rainy season contributed to the delay of agricultural activities throughout the West
African region including Guinea-Bissau, disturbing the development of several crops,
particularly rice, the most important culture for the food supply.

As for the detrimental impacts of the 2020 heavy rainfall in Guinea-Bissau, they were
severe across the south and central coastal regions, especially in the Bissau district, being
related to flooding and strong wind damage (Tables 2 and 3). The Guinea-Bissau civil
protection service estimated that around 6000 people were affected by the impacts of
flooding, comprising estimations of dislodged families and damaged dwellings [36]. The
economic damage caused by the 2020 heavy rainfalls in Guinea-Bissau was enormous,
starting with the agricultural fields that were flooded, the schools and other infrastructure
that were destroyed by the rains accompanied by strong winds, the homes that were
flooded, and the roads that were destroyed by the heavy rains, similarly to what happened
in other West African countries.

The present research showed that an anomalous number of extremely rainy days
(e.g., precipitations days with amounts above 100 mm) that happened during the 2020 wet
season in Guinea-Bissau contributed to the great extent of damage, particularly in the Bis-
sau district. The prolonged wet spells with such few interruptions by dry days did not
allow enough water infiltration due to the saturation of soils and as a consequence of lack-
ing adequate rainwater drainage infrastructure system.

The outcome of the present study raises several possibilities for continuing the inves-
tigation of 2020 rainfall anomalies in Guinea Bissau, as well as their impacts. As it was
mentioned in the Introduction, it is important to study the atmospheric mechanisms re-
sponsible for the occurrence of such abundant rainfall in this region, eventually applying
analysis adopted in recent works, for example focusing on weather types or teleconnec-
tion patterns (e.g., [18,24,25]). On the other hand, the 2020 floods in Guinea Bissau might
be further studied in upcoming studies, applying different perspectives, such as hydro-
metric analysis of the Geba river and rainfall-runoff relationship, allowing for structural
measures proposition, e.g., [42] or, alternatively, by carrying out numerical simulations of
the floods in Bissau (e.g., [43]).
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