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Abstract: Climate variability has become a major issue for vital sectors in the context of climate
change. In fisheries, in particular, the effects of climate change are reflected in the decline of fishing
yield and loss of lives during extreme weather events in the sea. This study analyzed the perception of
climate variability and change by fisher-folks, the attitude of fisher-folks toward the weather forecast
and the adoption rate of the use of the weather forecast as well as the factors determining its use in
Senegal. To this end, 576 fisher-folks belonging to 41 local fishing committees along the coastal areas
were surveyed and focus group discussions were organized with key informants. The adoption rate
was identified using the method of the average treatment effect (ATE) and the test of independency
(chi-square) was used to analyze the perceptions of and beliefs on climate change. The results
showed that 96% of fisher-folks perceive the change in the climate, though the effects are differently
appreciated across the coastline. The most frequently observed effects are: coastal erosion, change in
wind direction, increase in extreme swells and sea level rise. Nearly half of fisher-folks confirm
that they noticed these changes over the past five years. In the Southern Coast in particular, 40% of
fisher-folks stated that these changes happened 10 years ago. This statement is confirmed by the
qualitative data. More than 90% of the respondents ascertain the weather forecast before going to
fish, 63% regularly receive the weather forecast and 53% avoid going to sea during extreme events.
In addition, the results showed that if the weather forecast was made accessible to the majority of
fisher-folks, more than 83% would avoid going to sea during periods of extreme weather extreme
events, thus reducing significantly the number of fatalities. The best way to protect the fisher-folks
from the harmful effects of climate change is to ensure large-scale access to and use of accurate
weather forecasts.

Keywords: climate; weather and climate information services; fisher folks; perceptions

1. Introduction

Climate change (CC) is a global phenomenon that affects all sectors of human activities. According
to Adger et al. [1], risks are apparent in agriculture, fisheries and many other sectors that constitute the
basis of the livelihood of rural populations in developing countries. Also, Ninawe et al. [2] argued
that oceans and seas are the most affected by the process of change caused by global warming as they
represent a large portion of our planet and have rich biodiversity. Indeed, a temperature increase of
only a few degrees gives rise to hydrological events that cause change in the physical and chemical
characteristics of water. Climate change has both direct and indirect impacts on fish stocks that are
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exploited commercially [3] and may lead to substantial reduction in marine fish production and decline
in fish protein supply in the West Africa region by the 2050s [4]. This contributes to a decline in
fisheries-related jobs and a total annual loss of $311 million in the whole economy of West Africa [5].
These changes are expected to increase the vulnerability of the regions’ economy and food systems to
climate change [5]. A report from Intergovernmental Panel on Climate Change (IPCC) on the potential
vulnerabilities of the national economies to the effects of climate change in the fishing sector concluded
that a number countries including Senegal are the most vulnerable [6].

In Senegal, the fisheries sector employs 600,000 persons and contributes to the national economy
(12% of the GDP) and to people’s diets (72% of animal protein and 47% of the total protein in the
national diet) [7]. The artisanal fisheries are involved in the most important activities in the sector
in terms of volumes caught (80%) and number of active fisher-folks [8]. Artisanal fisheries are made
up of fishers who use traditional canoes and non-mechanized gears for fishing in the sea. The fishers
use ice and salt to cool and conserve the catches [9]. The coastal zones of Senegal are also affected
by an intensification of extreme weather events, namely, swell events, sea level and temperature rise,
and changes in upwelling phenomenon [6]. This, among other factors, has led to the increase in coastal
erosion, the salinization of water and soil, the modification of the structure and composition of marine
species and, more prominently, the increase of fatalities in the sea. In 2017, 140 fatalities due to extreme
weather events in the sea were reported and the loss of fishing materials amounted to 250,000 $US.
In order to improve the resilience of the fishing communities and their safety in the sea, the Senegalese
authorities in collaboration with the United State Agency for International Development (USAID)
initiated an early warning system on extreme weather events in 2014. This initiative, implemented by
the national meteorological office (ANACIM), aimed at providing the fishing communities with
salient weather and climate information services (WCIS) that are essential for informed and conscious
decision-making [10]. The weather forecast communicate to the fishing communities through SMS and
voice messages are but not limited to extreme tide, swell, visibility and wind events. Aggarwal et al. [10]
reported that the weather forecasts are vital for fisher-folks. However, the use of weather forecast as an
adaptation practice cannot be effective if the users are not aware of the existence of climate change and
its related risks. In fact, the use of weather forecast as an adaptation strategy integrates at least the
following issues cited by Sall et al. [11]: the awareness of climate change and its impacts on production
systems, and the perception of the extent of its effects. While numerous studies have examined the
impact of and adaptation to climate change on fisheries [1,2,5,12,13], so far only few studies [6,14–16]
have explored fisher-folks’ perceptions of climate change. Moreover, studies on the adoption rate of
weather forecasting in fisheries in Senegal are non-existent. In this paper, we analyzed fisher-folks’
perception of climate change and their attitudes toward weather forecast along the coast of Senegal. We
hypothesized that the fisher-folks are aware of the climate-related risks and are willing to act to adapt
to the effects of climate change. Therefore, this study aimed specifically to determine (i) the perception
of climate variability and change as perceived by fisher-folks; (ii) the attitudes of fisher-folks toward
weather forecast, and (iii) the adoption rate of the use of weather forecast and factors that determine its
use. The study is a contribution to the better understanding of the usefulness of the weather forecast
for fisher-folks in West African coastal countries.

2. Materials and Methods

2.1. Study Sites Characteristics

This study was conducted along the coastal areas of Senegal that gathers the majority of the
fishing communities (Figure 1). The coastline is divided into three eco-geographic sites as follow:

- The “Great Coast” extends from the estuary of the Senegal River to the peninsula of Cape
Verde. It concentrates the largest fishing centers such as Saint Louis, Fass Boy and Kayar.
This area is subjected to climatic hazards such as floods, coastal erosion and drought [17]. In 2003,
the government decided to dig a breach to relieve the population from recurrent flooding.
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This has increased the coastal erosion making the community even more vulnerable to extreme
weather events.

- The “Small Coast” is located between the Bay of Hann and Djiffer. It is bounded on the north by
the peninsula of Cape Verde, to the west by the Atlantic Ocean, to the South by latitude 14◦54′

North. This area is experiencing erosion, water salinization and degradation of the mangroves [13].
It has been estimated that 37% of mangrove areas will be lost in the event of a sea level rise of
0.5 m by 2100 [18]. This area is also highly exposed to the extreme weather forecast.

- Finally, the Southern Coast (Casamance) extends from The Gambia to Guinee Bissau comprises
the Saloum River through the estuary zones.
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Figure 1. Sites study.

2.2. Data Collection

The study was carried out in 2017 and used an empirical approach that includes focus group
discussion and surveys to collect the data. Three focus group discussions were organized in each
coastal zone (Great Coast, Small Coast and Southern Coast) with 6–12 participants depending on the
availability of participants. Data collected was related to the access, the use and the understanding
of weather information, the traditional climate forecasts and the perceptions on climate change.
A questionnaire was used to collect quantitative information on the socio-economic characteristics
of respondents, management of the fishing activity, perceptions of climate change, attitude toward
weather forecast, access to and use of weather forecast. The respondents are fisher-folks who live along
the coastal areas and who belong to the Local Artisanal Fishing Committee (CLPA). The role of the
CLPA is to validate and ensure the co-management measures and rules taken by the actors in terms
of sustainable management of fishery resources. Forty-one (41) CLPAs were established along the
coastal area. We used the data base of the members of each CLPA to randomly select the respondents.
For each CLPA, 9% of members were randomly surveyed, totaling 576 fisher-folks along the coastal
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area. Nearly no women are represented in the fishing activities. They are involved, in particular, in the
processing, storage and distribution of fresh fish.

2.3. Data Analysis

Data from the focus group discussion was used to support the results from the analysis of
quantitative data. Depending on the type of analysis, several tests were performed as described below.

2.3.1. Fishers’ Perceptions of Climate Change

The perceptions were analyzed through the awareness of individuals regarding climate change
and its manifestations. Information related to the perceptions of climate change for fisher-folks in the
different geographic areas were analyzed using the test of independency (chi-square) to assess whether
there is an association between the variables and the geographical categories. The variables are the types
of changes observed (e.g., wind direction, extreme swells events, increased tides, coastal erosion, etc.),
the starting date of perceived changes (past five years, past ten years, past fifteen years, etc.). In addition,
some statements were also given to respondents to identify the attitude toward weather forecast.

Chi-square test is a nonparametric test used for two specific purposes: (a) to test the hypothesis of
no association between two or more groups, population or criteria (i.e., to check independence between
two variables), and (b) to test how likely the observed distribution of data fits with the distribution that
is expected (i.e., to test the goodness-of-fit) [19]. More specifically, this statistic is used to determine
whether there is any difference between the study groups in the proportions of the risk factor of interest.
Chi-square test and the logic of hypothesis testing were developed by Karl Pearson. The formula for
calculating chi-square is the following [20]:

x2 =
n∑

i=1

(OI − Ei)

Ei
(1)

where O stands for the observed frequency and E the expected frequency

2.3.2. Parametric Estimation of the Weather Forecast Adoption Rate

The adoption rate was identified using the method of the Average treatment Effect (ATE) estimation
proposed by Diagne and Demont [21]. The ATE parameter measures the effect or impact of a “treatment”
on a person randomly selected in the population [22]. The treatment corresponds to exposure to
the weather forecast. The ATE is the population mean adoption outcome when all members of the
population have been exposed to a technology and it is, therefore, a measure of the intrinsic value of
the technology as indicated by its potential demand by the population. The difference between the
population mean potential adoption outcome and the population actual (observed) adoption outcome
is the non-exposure bias, also known as adoption gap, which exists because of incomplete diffusion
of the technology in the population [23]. The gap is the difference between the actual adoption rate
and the potential adoption rate. It gives the percentage of people who may use the weather forecast
if they get access to the weather forecast. There is another parameter of interest, which is average
treatment effect on the treated, commonly denoted as ATE1 or ATT [22]. ATE1 is the mean adoption
outcome within the sub-population of exposed fisher-folks. The difference between the population
mean adoption outcome (ATE) and the mean adoption outcome among the exposed (ATE1) is the
population selection bias, PSB (for details, see [21,24]). The exposition on this study refers both to (i) the
access to weather forecast related to the marine weather and (ii) the understanding of the weather
forecast and associate decisions. The information and communication technology such as SMS or voice
call has been used for the dissemination of the weather forecast to fisher-folks. The adoption or use of
weather forecast in this study refers to the decision of avoiding the sea during the phenomenon on
extreme swell events.
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The parametric estimation of ATE is executed by first specifying a parametric model. The method
used only the sub population of exposed fisher-folks to identify ATE. We used the following equation
for the identification:

E(y
∣∣∣ x, w) = 1 = g(x, β) (2)

where g is function of the vector of covariates x and the unknown parameter vector β which is to
be estimated using standard least squares (LS) using the observations (yi xi) from the sub sample of
exposed fisher-folks only; y is a dependent variable and x the vector of explanatory variables. With an
estimated parameter β, the predicted values g (xi , β) are computed for all observations (exposed and
non-exposed sub sample) and the parameters ATE, ATE1 and ATE0 are estimated by taking the average
of the predicted g (xi , β) i = 1, n across the full sample:

AT̂E =
1
n

n∑
i=1

g
(
xi, β̂

)
(3)

AT̂E1 =
1
ne

ne∑
i=1

wig
(
xi, β̂

)
(4)

AT̂E0 =
1

1− ne

n∑
i=1

(1−wi)g
(
xi, β̂

)
(5)

All the estimations were done in Stata using the Stata add-on adoption command developed by
Diagne and Demont [21].

2.3.3. Determinants of the Use of Weather Forecast

Two probit regression was carried out to identify the socioeconomic variables that influence the
adoption of weather forecast. One was performed using the full sample while the second use the sub
sample constituted by the those who get access to weather forecast. Probit models use the cumulative
Gaussian normal distribution for calculating the probability of being in one category or not [25]. The use
of weather forecast was the dependent variable and the independent variables are the following:
ethnicity, write and read French, canoe owner, part of a fisher-folk association, training on climate
change, receive weather forecast through SMS, receive weather forecast through CLPA, total income,
age, never been in school, perceive change in climate change, Small Coast, Great Coast. These variables
are presented in Tables 1 and 2.

Table 1. Socio-economic characteristics of respondents.

Observations n %

Geographical Area

Great Coast 296 51.39
Small Coast 150 26

Southern Coast (Casamance) 130 22.57

Household (HH) Characteristics

HH head 376 65.28
Ethnicity (Wolof) 263 45.66
Ethnicity (Serere) 114 19.79
Ethnicity (Lebou) 66 11.46

Married 494 85.76
Single 73 12.67

Literate in local language 361 62.67
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Table 1. Cont.

Observations n %

Literate in French 263 45.66
Native 475 82.46

Migrant 101 17.53
Member of fisher-folks’ association 205 70.45

Age Class of Respondents

Less than 30 75 13.02
Between 30 to 50 335 58.16
Between 50 to 60 119 20.66

More than 60 47 8.16

Characteristics of Fishing Activities

Fishing as main activity 565 98
Fish trader 9 1.56

Crew member 131 22.74
Canoe owner 322 55.90

Captain 442 76.73
Fishing technique: Hook and line technology 246 42.7

Fishing technique: Passive gear 64 11.11
Trained in climate change 38 6.59

Access to weather forecast via radio 81 14.06
Access to weather forecast via SMS 59 10.24

Access to weather forecast via fishing community association 107 18.58

Table 2. Age and household size.

Observations n Mean Std Dev Min Max Median

Age and Household Size

Average age 576 42 11.5 15 79 41
Household size 576 14 7.9 1 80 12

3. Results

3.1. Socio Economics Characteristics of Respondents

Tables 1 and 2 present the characteristics of 576 respondents. About 51% of respondents reside in
the Great Coast, 26% in the Small Coast and 22% in the Southern Coast. More than 65% are household
heads and the average age is 42 years. The most represented ethnic groups are “Wolof” (46%) and
“Serere” (20%). About 86% of the respondents are married and the average size of the households is 14.
About 46% can write and read in the French language. For 98% of the respondents, fishing remains
the main activity and 15% are doing fish trading as second activity. More than 79% plays the role of
captain. About 18% of the respondents get access to weather forecast through the fishing community
association (CLPA). Few people (less than 7%) were trained in climate change through partnerships
with technical and financial partners such as USAID and the National Fisheries Office.

3.2. Access to and Level of Knowledge of the Weather Forecast

Table 3 presents the level of access to weather information. We notice that 60% of fisher-folks in
the Great Coast get access to weather forecast, whereas 53% in the Southern Coast and 77% in the
Small Coast get access. On average, 63% of respondents in the full sample get regularly access to
weather forecast.



Sustainability 2020, 12, 9465 7 of 16

Table 3. Level of access to weather forecast.

Level of Access
Great Coast Small Coast Southern Coast Total

n % n % n % n %

Access 179 60% 115 77% 69 53% 363 63%

No Access 117 40% 35 23% 61 47% 213 37%

Pearson chi2(2) = 18.3258, Pr = 0.000.

Figure 2 presents the level of awareness of relevant weather information in the fishing sector.
It appears that fisher-folks in the Great Coast are aware of the different type of forecasts, while in
the Southern Coast, the level of awareness is lower; the difference observed between the area is
statically significant.
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3.3. Perception of Climate Change

Findings (Figure 3) indicate that 96% of fisher-folks perceive the change in the climate. Fisher-folk’s
perceptions of climate change are based on climate related manifestations. Depending on the area,
fisher-folks differentiate the effects of climate change. In the Great Coast, people perceive climate
change through coastal erosion (37% of respondents), wind direction (32%) and increased extreme
swell events (31%). Some people said that the coastal erosion (26%) and the accidents in the sea (20%)
have occurred regularly during these last years. In the Small Coast, wind direction, increased extreme
swell events, coastal erosion and sea level rise were mentioned. In the Southern Coast, respondents
have pointed firstly the decreased fish population (21%), the disappearance of species (20%) and the
change in wind direction (16%). In addition, 13% have enumerated the increased tides and 9% the
increased extreme swell events.

Regarding the estimated date they perceive these changes (Table 4), nearly half of fisher-folks
confirm that they noticed changes over the past five years. About 25% of fisher-folks perceived these
changes over the last 10 years, for 13% these changes had started 15 years ago, while 7% overall think
these changes have occurred since 20 years ago. The trends on the onset of these changes are practically
the same from one zone to another, except the southern Coast, where we note the greatest percentage
of fisher-folks who stated these changes have happened since 10 years ago.
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Table 4. Start date of perceived changes.

When Did You Perceive This
Change in The Climate

Great Coast Small Coast Southern Coast Total

n % n % n % n %

Past five years 147 53% 78 55% 36 29% 261 48%
Past ten years 49 18% 40 28% 50 40% 139 26%

Past fifteen years 30 11% 15 11% 28 22% 73 13%
Past twenty years 22 8% 9 6% 11 9% 42 8%

Others 28 10% 1 1% 1 1% 30 6%

Total 276 143 126 545

Pearson chi2(8) = 61.5648, Pr = 0.000.

Data from the focus group discussion confirm these results. Indeed, respondents explained the
changes they have noticed on the climate during the last years and their consequences. The most
notable changes are, among others, the coastal erosion and the sea level rise. The decreased rainfall
is also cited by the respondents. For them, the rains were more abundant in the 1950s, while in
recent years the onset of the season occurs in July with low intensity. This phenomenon amplifies and
prolongs the effects of the rise in the level of salinity, which has repercussions on the quantity of fishery
resources as well as on their quality.

Participants in the focus group discussions mentioned that the various changes have direct effects
on household food security. Indeed, the scarcity of fishery resources in areas like Ziguinchor (Southern
Coast) makes it more difficult to supply fish compared to meat. Although fishing factories in this area
create jobs for young people, the scarcity of fishery resources entails risks of their activities to decline
or even their closure. In Saint Louis (Great Coast), the fish processing activity is strongly threatened by
the decrease in the quantities of fish. Fishing stakeholders in these different areas have pointed out a
sharp increase in temperature with a high variability over time.

They also argued that these various changes make difficult to plan their fishing activities: “in
the end, we no longer know what to expect”. A fisherman from the Great Coast (Saint Louis) noted
that, in November in general, the cold weather favors the abundance of fish. However, with in
increasing temperatures, there is no longer a cold period, thus causing a decrease in the fish population.
In addition, according to participants, in the Southern Coast as well as in the Small Coast (Foundiougne
district) where the inland fishing is practiced, the mangroves are also largely affected by the effects of
climate change and are, as such, threatened with disappearance. One of the participants mentioned
that “previously, it was possible to take landmarks with mangroves to navigate and orient themselves in the sea,
but the loss of a large part of this resource entails the risk of being lost for fisher-folks”.
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3.4. Attitude toward Weather Forecast

Results show that people are aware of their responsibility to deal with the effect of climate change,
wherever they are from (Table 5). They are willing to act toward resilient practices. More than 90%
of the respondents enquire about the weather forecast before going to fish. This is confirmed by the
participants of the focus group discussions. In addition, several people have decided to postpone their
fishing activities during extreme meteorological phenomena. Results from chi-square disclosed that
there is a large difference in the appreciation of the different statements across areas. In particular,
wearing the life jacket is still unappreciated, in particular, in the Southern Coast, where only 57% of
respondents consider it as required. In the Small Coast, about 13% of the respondents prevent their
parent from going to the sea when extreme wind events are forecasted. In the Great and Sothern
Coasts, however, 20% and 19% would strongly advise their parent against fishing in the sea in case of
prominent occurrence of extreme events.

Table 5. Willingness to take decisions toward resilience practices.

Statements

Area

Mean p ValueGreat
Coast

Small
Coast

Southern
Coast

What do you think about the
following statements?

Yes Yes Yes

We should consult the Met services
before going to the sea 98% 98.6% 92% 96.2% 0.006

I will decide to turn back once at sea if
I learn the existence of an extreme
weather phenomenon the next day

90% 93% 98% 93.67% 0.022

I will decide to convince a sibling not
to go to sea due to the existence of an

extreme wind events
78% 85% 78% 80.3% 0.16

I decide to prohibit a parent from not
going to sea due to the existence of an

extreme wind event
20% 13% 18.5% 18.06% 0.19

Wearing the life jacket is necessary
regardless the weather 71% 87% 57% 71.67% 0.00

3.5. Adoption Rate of the Use of Weather Forecast

Table 6 presents the results of the adoption rate of weather forecast. The actual adoption rate
of the use of weather forecast is 53%. Results show also that the potential adoption rate would be
about 83% in a case where the full sample have access to information related to extreme swell events.
Additionally, results display that 63% of respondents have access to the weather forecast (Ne/N) and
53% (Na/N) of fisher-folks avoid going to the sea for fishing activities during days with extreme swell
events. Among those who got access or were exposed to weather forecasts, 84% have taken the decision
to avoid the sea. This has been given by the ATE1 parameter, which is the adoption rate among those
who have access to the weather forecast. This demonstrates that the process of behavioral change has
started and fisher-folks are more aware of the danger of such events. Interviews from focus groups
discussion have shown that there is a large number of fisher-folks who have lost at least one family
member or their material during high swells. In addition, the difference between the observed and the
potential adoption rates implies an adoption gap of 30%. This result highlights the fact that there is a
possibility to have 30% more people who avoid the sea during extreme swell events when the level of
access increases.
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Table 6. ATE parametric (Probit) estimation of population adoption incidence rates (2017).

Parameter Std. Err. P > z

ATE (Potential adoption rate) 0.825 0.021 0
ATE1 (Adoption rate among exposed) 0.840 0.018 0

ATE0 (Adoption rate among non-exposed) 0.797 0.028 0
JEA (Joint Exposure and adoption rate) 0.529 0.012 0

Population adoption gap (JEA-ATE) −0.295 0.010 0
PSB (Population Selection Bias) 0.0159 0.006 0.16

Number of exposed: Ne = 363
Number of adopters: Na = 305

Number of observations: N = 576
Observed

Ne/N 0.63 0.02 0
Na/N 0.53 0.021 0
Na/Ne 0.84 0.033 0

Ne/N: Number of exposed in the full sample; Na/N: Number of adopters in the full sample; Na/Ne: Number of
adopters in the sub sample of exposed.

Results were analyzed based on the geographic location (Table 7). In the Great Coast, 65% of
respondents have taken decision to postpone their fishing activities during extreme swell events,
against 50% in the Small Coast and the same in the Southern Coast. Besides the recurrent phenomenon
of extreme swell events in the high seas, it is observed that an important portion of fisher-folks have
taken the risk to go to the sea. In addition, the focus group discussion showed that there are sociological
considerations such as belief in the Protection of genius of the sea that influences fisher-folks to not pay
attention to weather information.

Table 7. Use of weather forecast according to the area (2017).

Use of Weather Forecast
Great Coast Small Coast Southern Coast

Parameter Std. Err. Parameter Std. Err. Parameter Std. Err.

Ne/N 0.60 0.028 0.77 0.03 0.605 0.028
Na/N 0.50 0.029 0.65 0.04 0.500 0.029
Na/Ne 0.83 0.048 0.85 0.05 0.827 0.048

Nb. Obs (N) = 296
Nb. Exposed (Ne) = 179
Nb. Adopters (Na) = 148

Nb. Obs (N) = 150
Nb. Exposed (Ne) = 115
Nb. Adopters (Na) = 98

Nb. Obs (N) = 130
Nb. Exposed (Ne) = 69
Nb. Adopters (Na) = 59

3.6. Determinants of the Adoption of Weather Forecast

Results in Table 8 show the determinants of the adoption of weather forecast. The classic model
illustrates the factors that influence the use of the weather forecast in the full sample, whereas the
parametric model focuses on the exposed sub population. Results from the classic model present
that the ability to write and read in French as well as the possession of a mobile phone or a radio is
essential for the access to and better use of weather information. People who are receiving the weather
forecast via SMS or through the fishing association have a high probability to use the information
adequately. Results depict also that the more the fisher-folks get older (involving being married and
having children), the higher the probability to use the weather forecast. On the other hand, the ethnic
group in particular “Serere” negatively affect the suitable use of the information. Finally, being from
the Small Coast leads to the appropriate use of weather forecast. Depending on the area, people may
choose or not to go to the sea during extreme weather phenomena. The parametric model shows that
among those who get access to weather forecast, only one variable determines the use of weather
forecast: it is the total income that acts negatively.
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Table 8. Determinants of the adoption of weather forecast.

Variable Classic Parametric Model
(Full Sample)

Parametric Model Restricted to
The Exposed Subsample

Ethnicity (Serere) −0.669 *** −0.408
Ethnicity (Wolof) 0.138 0.142

Write and read in French 0.414 ** 0.303
Canoe owner −0.076 0.067

Part of fisher-folk association 0.0032 0.116
Training on climate change 0.336 0.342

Receive weather forecast via SMS 1.074 *** 0.163
Receive weather forecast via CLPA 1.186 *** 0.416

Total income −2.822 × 10−9
−6.124 × 10−9 **

Age 0.009 * 0.0139
Never been in school 0.229 0.123

Feel that the climate has changed −0.084 −0.432
Small Coast 0.747 *** 0.321
Great Coast 0.075 −0.076

Cons −0.804 0.545

N 576 363

*** = Significant at 1%, ** = significant at 5%, * = significant at 10%. CLPA, Local Artisanal Fishing Committee.

4. Discussion

4.1. Awareness and Perception of Climate Change and Variability by Fishing Communities

Results on fisher-folks’ perception of climate change showed that change in wind direction, sea level
rise, reduced quantity and quality of fish and coastal erosion are the main observed changes. This finding
confirms results from vulnerability studies conducted in the coastal zones of Senegal [6,13,26,27].
During the last fifty years, there has been an average coastal encroachment of 1 to 1.30 m/year, causing
the destruction of human habitats and infrastructures, particularly in the Cape Verde peninsula, the
Great Coast and the Small Coast. This also resulted in the increased salinization of soils, groundwater
and surface waters in coastal zones in West Africa including Senegal [28]. In addition, a study carried
out by Sambou et al. [17] on the perception of climate change in the Great Coast showed that the
residents have a good knowledge of the risks linked to climate change. The majority of coastal residents
perceive the change in terms of the marine intrusion, river flooding, scarcity and/or disappearance of
certain fish species and coastal erosion. About 81% of respondents in this study say they have been
affected or have a close family member affected by coastal erosion. A similar study conducted in India
found that the wind direction is the most important parameter that has affected fishing in the last
two decades and sea level rise was ranked as the most problematic to fisher-folks [15]. In Zambia,
a study showed that the majority of fishers are aware of climate variability and experiences a decline in
fish catches. These facts were overseen by the Intergovernmental Panel on Climate Change (IPCC)
report [6,29,30] on the impacts of climate change in coastal areas, which concluded that in the coming
years, climate change will increase the challenges from existing stresses such as overexploitation of
resources, loss of biodiversity and coastal erosion.

Moreover, it was noted that comparatively to the other coasts, many people from the Great Coast
have perceived the effects of climate change. This could be explained by the fact that the Great Coast
is subjected to significant disturbances linked to both climate change and human activities. In 2003,
in the bid to reduce the repetitive flooding in the biggest city (Saint Louis) within the Great Coast,
the government of Senegal dug a wide breach of 4 m to facilitate the flow of the water. Unfortunately,
this breach has quickly enlarged to reach 5200 m wide in 2015, causing destruction and relocation
of many villages. Studies have shown that the rapid coastal erosion in the Great Coast is linked to
the creation of the breach and to the extraction of sand from the beach for building houses [31,32].
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The management of the breach is therefore necessary to reduce the effects of climate change in the
Great Coast.

Results from chi square analysis showed that fisher-folks are more and more aware of the high
risk caused by the extreme weather events. Most of them have taken the decision to adopt adaptation
strategies, such as the use of weather forecast, as indicated by Ouedraogo et al. [33] and Mbaye et al. [34].
Also, the use of life jacket regardless of the nature of the weather is becoming a reality in the different
areas except in the Southern Coast, where almost half of the respondents did not consider the use of
life jacket as necessary security measure. Indeed, life jackets are routinely recommended as a risk
prevention strategy [35]. The low use of life jacket in the Southern Coast can be explained by the fact
that this area is less exposed to the effects of extreme weather events given its geographical location.
In addition, other factors such as religious considerations and traditional beliefs can be considered as a
barrier to the use of life jacket since in this area these beliefs are strongly established. It is important to
continue building the capacity of the fisher-folks to face the adverse effects of climate change though
effective use of weather information and life jackets.

4.2. The Use of Weather Forecast

The study showed that almost 53% of respondents take appropriate decisions after receipt of the
weather forecast. That is to say that when an extreme event is forecasted, at least 53% of the respondents
postpone their journey to the sea. According to a study by Ouedraogo et al. [33], in Senegal, fisher-folks
rely on the weather forecast to decide whether or not to go for fishing. Omar et al. [36] argued that
in Malaysia, the fishing communities are a population at risk and the weather forecasts have already
become part of their life. Results also demonstrated that if all the fisher-folks had the opportunity to
get access to weather forecast, at least 83% of fishers would take appropriate decisions and save their
lives. Indeed, better weather reporting can significantly reduce the number of fatalities arising from
fishing activities, as it provides early warnings for the fisher-folks. The weather forecast can help to
strengthen the adaptation of fisheries communities to the unpredictable climate [12]. The weather
forecasting has contributed to reduce fishing-related costs such as fuel, ice and labor (crewmembers).
Weather information makes fishing safer whilst assisting other groups of coastal communities to make
early preparations against any threats from the changing climate. It also helps the fisher-folks reduce
the risk exposure, hence, saving the lives of many fishers. The findings revealed that there is still a large
portion of fisher-folks (47%) who do not appropriately use the weather forecasts. Awareness raising
activities should be organized to explain the dangers associated with being at sea during extreme
weather events. In addition, some other measures such as the fishing insurance could be initiated to
compensate the income loss due to the occurrence of extreme events.

Furthermore, the study revealed that the ability to write and read in French, the fishing zones
(Small Coast), the access to weather forecasts through SMS and being a member of a CLPA highly
influence the use of the weather forecast. In fact, the weather forecast is communicated in majority
through radios and/or SMS and the latter is written in French language. Those who cannot read in this
language cannot understand the content unless they have a family member who can help read the
message. Most of the extreme weather events occur in the Small Coast [37], in particular, in Mbour
region. Therefore, fishers in this zone tend to adopt the use of weather forecasts to reduce the risks.
The damage caused by these phenomena in these areas must be widely communicated to other areas
to raise the awareness and stimulate action among fisher-folks in other areas.

Findings demonstrated also that fisher-folks are more confident if they receive the information
from their mobile phone (SMS) or from the CLPA [37,38]. Several authors confirmed the usefulness of
information and communication technologies (ICT) in building the safety net of the fishing communities
in general. Kularatne [39] argued that ICT is an essential tool for boosting the uptake of any innovation.
ICT tools such as mobile phone, television, radio and GPS can bring significant reduction in the level
of poverty of different communities, including the fisher-folks. Kenny [40] has found that fisher-folks
use mobile phone in India to communicate with other fellows and meteorological department by
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short message services (SMS) and obtain information about weather forecast. In Lake Victoria, Africa,
fisher-folks use SMS as a cheap way to get information about weather before going to sea. In addition,
Omar and Chhachhar [41] and FAO [42] discovered that mobile phone is a preferred ICT tool in coastal
fishing communities. However, the CLPA, as the main fisher-folks community organization, remains an
excellent dissemination channel. A CLPA is a trusted entity created by a group of fishers; therefore,
any advice and decision coming from this entity is well taken into consideration by its members. Also,
the age was identified as slightly influencing the use of weather forecast. Young people are more
reluctant in adopting the weather forecast. Young fisher-folks should therefore be targeted during
awareness raising events.

5. Conclusions

The fisheries sector in Senegal faces many problems related to climate change. Many initiatives
have been taken by authorities and partners to strengthen the resilience of communities. The objective
of the study was to determine the perceptions of users on climate change and variability and their
attitude toward weather forecast. The results showed that the fishing communities in Senegal are
well aware of and are willing to act to adapt to the effects of climate change. These effects have
been reported and largely aligned with the consequences of climate change as generally presented
by scientists. Furthermore, it has been demonstrated that the access to weather forecast should be
improved. Indeed, if all the fisher-folks could get access to the weather forecasts, at least 83% of them
would take decision to postpone the activity of sea fishing, and this could reduce the human and
material damage observed during extreme weather phenomena. To those ends, we recommend to
strengthen the existing early warning systems and to sustain the weather forecast delivery system.
We also recommend to continue building the capacity of the various of stakeholders in the fishing
sector to stimulate greater awareness, especially for the older fisher-folks. Weather forecasts should
be translated into local languages to reach large audience of the fishing communities. It is highly
recommended to move from a project-subsidized approach to accessing and using weather forecasts,
to a market-based private sector-led service delivery. This is why one of the potential ways of sustaining
the delivery and effective use of weather and climate information services for the safety of the fishing
sector is the promotion of public-private partnerships. The public sector will produce the information
and the private sector will be in charge of the translation and dissemination. In addition, to minimize
the risk of fatalities and loss of equipment during extreme weather events, the insurance companies
might develop some insurance schemes suitable for the sector. This will allow fisher-folks to have an
insurance for their equipment and get a compensation during extreme weather events. To this end,
the government should create enabling environment for both the companies and clients.
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