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Abstract

The study examined the effects of two climate variables (rainfall and temperature) on the
output of capture and aquaculture fisheries in Nigeria between 1980 and 2019. Secondary
data spanning 39 years were obtained from reputable sources; National Bureau of
Statistics, (NBS), Food and Agricultural Organisation Statistical data base (FAOSTAT) and
Nigerian Metrological Agency (NIMET) for the study. Data were analysed using descriptive
statistics such as averages, percentages and coefficients of variation. Inferential statistics
employed in the study include Augmented Dickey-fuller Statistics (ADF), Johansen Co-
integration techniques, and the error correction model. Results of descriptive analysis
reveals a fluctuating trend in the annual temperature, rainfall, capture and aquaculture
fisheries supply, averaging 30°C, 200mm, 400 tonnes and 600 tonnes respectively over the
study period. Inferential statistics results shows that the variables of the model became
stationary after first difference, with a long run relationship existing among them. Results
of error correction model reveal that annual rainfall (X1) and annual temperature (X3)
lagged by one year positively affects the output of capture fisheries, while annual rainfall
(X1) and annual temperature (Xz) have an asymmetric effect on the output of aquaculture
fisheries. The study concluded that climate change significantly influences the output of
capture and aquaculture fisheries in Nigeria. Thus, for sustainable capture and aquaculture
fisheries in Nigeria, it is recommended that laws should be enacted to control the emission
of greenhouse gases to mitigate the effect of climate change on production and productivity
of capture and aquaculture fisheries. Huge investment should be made in the construction
of water dams, boreholes, and other water reservoirs to facilitate dry season aquaculture.
Regulatory laws on capture fisheries should be reviewed and enforced to ensure sustainable
production and productivity of capture fisheries.
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Introduction

Agriculture in the tropical part of
Africa is highly dependent on the vagaries
of weather and its elements for the
production of food and raw materials for
continued human existence (Yohames,
2016). Millions of people in the Sub
Saharan African countries solely depend
on agriculture for their survival. The
sector 1s responsible for providing
employment and livelihood in most
developing countries across the globe.
(IPCC 2007 and Yohames, 2016).
Agricultural production remains the pivot
of the Nigerians. (Central Intelligence
Agency, 2018). Nigeria as a coastal
country relies heavily on the fishery sub-
sector for national and economic food
security (Selig et al., 2018). In Nigeria,
fish consumption 1is estimated at
13.3kg/capital year, higher than the
African regional average of
9.9kg/capita/year, but significantly lower
than the global average of
23.0kg/capita/year (Food and Agriculture
Organization, 2018 and World fish, 2017).
According to Oluowo (2017), Nigeria’s
fresh water and marine fisheries resources
are abundant, providing enormous
opportunities for employment and
livelihood for millions of Nigeria through
fisheries capture and culture. Across the
globe, climatic (CC) is one of the most
serious environmental problems
confronting agricultural production and
productivity. (Enete and Amusa, 2010).
The inter-government panel on climate
change defines climate change as
alterations in climate elements, over a
period of time as a result of natural
variations or effects of human activities
(IPCC, 2007). Climate change occurs as a
result of greenhouse effects which lead to
the accumulation of greenhouse gases
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(GHGs) in the atmosphere (Yohannes,
2016). A strong relationship exists
between climate change and agriculture as
both processes are of global importance as
a result of the widening gap between
world food production and world
population (Yohannes, 2016). Climate
change impacts agriculture in several
ways; fluctuating average rainfall,
temperature, and extreme weather
conditions have resulted in droughts and
floods in many parts of sub-Saharan
Africa, frequent changes in the
distribution of pests and diseases which
have reduced crop yields significantly,
and a rise in sea levels which have
adversely affected the number and
distribution of aquatic animals such as
shrimps, prawns, and fishes consumed by
humans as food. (World Bank, 2008 and
2014).

Specifically, climatic change has
impacted fisheries supply in several ways;
changes in ocean temperatures alter the
dynamics of the aquatic environments,
resulting in significant changes in
migration patterns which possibly reduces
fish landings in coastal fisheries,
increasing water temperature alters fish
bio-diversity (African action, 2007,
Abowei, 2010 and Oluowo, 2017).
Similarly, rising sea levels negatively
affect fish stock and its habitat, affect fish
landing, processing, and marketing
facilities, and ultimately destroy the
means of livelihood of the people in the
coastal areas (Urama and Uzor, 2011 and
Oluwo, 2018).

In addition, increasing water salinity
and ocean acidification may result in
calcification which reduces fish growth,
distorts migration patterns, and increased
mortality due to respiratory problems
(Oluowo, 2018). Finally, biological
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changes induced by climate change in
marine habitats have resulted in changes
in fish and fish stock distribution,
recruitment and production of fish stocks,
as well phenology of fish larvae and their
prey which have serious implications for
fish harvest from coastal waters (Samaila
et al., 2011; Brander, 2010, Oluowo,
2018).

From the foregoing, it is explicit that
climate change has significant impacts on
fisheries supply and productivity in
coastal waters, therefore this study
investigated the effects of two climate
elements (rainfall and temperature)
climate change on fisheries supply in
Nigeria. Specifically, the objectives of the
study are to determine the trends in
capture and aquaculture fisheries supply,
rainfall, and temperature in Nigeria, and
the effects of rainfall and temperature on
capture and aquaculture fisheries supply
in Nigeria between 1980 and 2019.

Materials and Method

The study employed a thirty nine (39)
years (1980-2019) period data obtained
from secondary sources. Specifically, data
on climatic variables (mean annual
rainfall amount and average daily
temperature) were obtained from the
Nigerian Metrological Agency (NIMET)
while data on annual capture fisheries,
aquaculture and total fisheries were
obtained from the National Bureau of
Statistics (NBS), Nigeria and Food and
Agriculture  Organisation  statistical
database (FAOSTAT).

The time trend analysis and descriptive
statistics such as means percentages and
coefficients of variation were used to
examine the trends in the movement of
climate variables, annual capture fisheries,
aquaculture and total fisheries while, co-
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integration analysis was used to establish
the long run relationship between annual
capture fisheries, aquaculture, total
fisheries and climatic variables. The error
correction model was used to determine
the effects of the climate variables on the
output of annual capture fisheries,
aquaculture and total fisheries in Nigeria
between 1980 and 2019. Empirically, the
model employed in the study was
specified as follows;

Y=bo+b1 Xi+b2Xo+ecm

Where;

Y = Annul output of capture fisheries,
and aquaculture (tonnes)

X1 = Rainfall (mm)

X3 = Temperature (°C)

Ecm = error correction term.

Results and Discussion
Trends in Annual Rainfall

As indicated in Table 1, over the study
period, average annual rainfall fluctuated,
rising and falling alternately from
88.55mm in the 1980-1989 sub-period, to
96.54 mm in the 1990-1999 sub-period,
but fell to 95.94mm in the 2000-20009
sub-period, and finally increased to
98.40mm in the 2010-2019 sub-period.
The lowest (88.55mm) average annual
rainfall was recorded in the 1980-1989
sub-period, while the highest (98.40 mm)
average annual rainfall occurred in the
2010-2019 sub-period. The average value
of annual rainfall over the study period
was 96.19mm. The intra sub-period
annual percentages change in the annual
rainfall were 3.26 percent and 1.03 percent
per year in the 1980-1989 and 2000-2009
sub-periods, respectively, However, a
negative growth of 8.99 percent per year
and 0.48 percent per year were recorded in
the 1990-1999 and 2010-2019 sub-periods
respectively.  Over the study period,
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average annual growth rate of rainfall was
1.98 percent. The values of coefficients of
variation ranged from 11.12 percent to
13.40 percent, with an average of 13.23
percent, reflecting a high degree of
instability in the pattern of annual rainfall
in the study area. These results imply that

Table 1: Trends in annual rainfall

annual rainfall fluctuated, are
concentrated in a particular period and
irregular which may have serious
consequences on annual fisheries supply
in the study area. These findings are in line
with those of Kehinde er al. (2017) and
Busari and Kehinde (2018).

Year Mean Annual Percent Coefficient of
(mm) change variation

1980-89 88.55 3.26 12.43

1990-99 96.54 -8.99 12.30

2000-09 95.94 1.03 11.23

2010-19 98.40 -0.48 13.40

Total 96.19 1.98 13.23

Trends in Annual Temperature

Data in Table 2 shows a persistent
gradual rise in average annual temperature
over the period of the study, with a steady
increase from 26.63°C in the 1970-1979
sub-period to 29.41°C in the 2000-2019
sub-period, averaging 30.07°C over the
study period. The intra sub-period annual
percentages change in the annual
temperature was 1.34 percent, 0.34
percent, 2.34 percent, 0.97 percent and
0.86 percent per year in the 1970-1979,
1980-1989, 1990-1999, 2000-2009 and
2010-2019 sub-periods, respectively, with

Table 2: Trends in annual temperature

an average of 1.46 percent for the period
covered by the study. Trend in coefficients
of variation reflects a high degree of
instability in the average annual
temperature, ranging from 11.34 percent
to 14.44 percent, with an average of 14.13
percent over the study period. These
results are evidences of global warming
which have serious implications on the
aquatic habitats, and hence, fisheries
supply in the study area. Kehinde et al.
(2017) and Busari and Kehinde
(2018).obtained similar results in their
study.

Year Mean (°C) Annual Percent change Coefficient of variation
1970-79 26.63 1.34 11.34
1980-89 26.99 0.34 12.32
1990-99 27.07 2.34 14.44
2000-09 27.31 0.97 12.38
2010-19 29.41 0.86 11.36
Total 30.07 1.46 14.13

Trend in Aquaculture Production in

Nigeria (1980-2019)
Table 3 presents the trend in
aquaculture  production in  Nigeria
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between 1980 and 2019. From the table,
aquaculture production fluctuated over the
study period. Average aquaculture
production ranged from 8805.20 tonnes in
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the 1980-1989 sub-period and 2615641.60
tonnes in the 2010-2019 sub-period,
showing an increasing trend in
aquaculture production during the study
period. The average  aquaculture
production over the study period was
88890.48 tonnes. However, the highest
average annual growth rate (328.61%) in
aquaculture was recorded in the 1980-

1989 sub-period and the lowest annual
growth rate (54.03%) in the 2010-2019
sub-period. The intra  sub-periods
coefficients of variation ranged from
14.16 percent in the 2000-2009 sub-period
and highest of 37.82 percent in the 1990-
1999 sub-period, with an average of
129.22% over the period of the study,
showing a high degree of instability.

Table 3: Trends in aquaculture production (tonnes) in Nigeria (1980-2019)

Sub-periods Mean Annual percent growth Coefficients of variation
(tonnes) rate

1980-89 8805.20 328.6066 14.29

1990-99 17452.20 195.86 37.82

2000-09 67742.90 494.12 14.16

2010-19 2615641.60 54.03 28.54

All Period 88890.48 502.42 129.22

Source: Computed from FAOSTAT, NBS and CBN Statistical Bulletin, 2021

Trend in Capture Fisheries Production
(tonnes) in Nigeria (1980-2019)

Table 4 presents the trend in capture
fisheries production in Nigeria between
1980 and 2019. From the table, average
capture fisheries production increased
progressively across the sub-periods,
ranging from 259703.00 tonnes in the
1980-1989 sub-period to 705232.00
tonnes in the 2010-2019 sub-period, with
a mean of 453278.80 tonnes over the
study period. The average annual growth

rate of capture fisheries production
alternately decreases and increases during
the entire study period, with an all-period
mean of 187.98 percent. The intra sub-
periods coefficients of variation ranged
from 6.81% in the 2010-2019 sub-period
to 250.87% in the 1980-1989 sub-period,
with an average of 40.13 percent over the
period of the study, reflecting a high
degree of instability in capture fisheries
production.

Table 4. Trend in capture fisheries (tonnes) in Nigeria (1980-2019)

Sub-periods Mean Annual percent growth Coefficients of variation
(tonnes) rate

1980-89 259703.00 7.58 250.07

1990-99 336130.90 47.46 42.37

2000-09 512049.50 35.53 11.83

2010-19 705232.00 19.15 6.81

All period 453278.80 187.98 40.13

Source: Computed from FAOSTAT, NBS and CBN Statistical Bulletin, 2021
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Results of Time Series Analysis
Unit Root Test

Augmented Dickey-Fuller (ADF) unit
root tests results for non-logged variables
employed in the study presented in Table
5 shows that annual output of aquaculture
(Y1), annual rainfall (X;), and annual
temperature (Xz) are non-stationary at
their original values but, becomes
stationary after first difference, indicating
that spurious results will be obtained, if
used for regression analysis in their

original values. Similarly, Augmented
Dickey-Fuller (ADF) unit root tests results
for non-logged variables used in the study
presented in Table 6 shows that annual
output of capture fisheries (Y1), annual
rainfall (X;), and annual temperature (X2)
are not stationary at their original values
but, stationary at first difference, showing
that using their original values for
regression analysis will give spurious
results.

Table 5: Results of ADF unit root test for variables

Variables Augmented Augmented Dickey Order of integration
Dickey Fuller Fuller (ADF) Values
(ADF) Values (First difference)
(Level)
Aquaculture -1.771 -4.507 1
Rain -2.464 -4.411 1
Temp -2.476 -3.762 1
Critical values
1% -4.265 -2.373
5% -2.953 -3.568
10% -2.613 -3.723

Table 6: Results of ADF unit root test for variables

Variables Augmented Dickey Augmented Dickey Fuller Order of integration
Fuller (ADF) Values (ADF) Values (First
(Level) difference)
Capture -1.772 -4.508 1
fisheries
Rain -2.463 -4.412 1
Temp -2.477 -3.763 1
Critical values
1% -4.265 -2.373
5% -2.953 -3.568
10% -2.613 -3.723

Co-Integration Tests

The results of Johnson co-integration
test for non-logged variables (capture
fisheries supply (Y) annual rainfall (Xi)
and annual temperature (X2) of the model
is presented in Table 7 reveals two co-
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integrating equations among the variables
of the model, affirming a long run
relationship among them. Similarly,
Johnson co-integration test reveals two
co-integrating equations for the logged
values of the variables (capture fisheries
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output (Y), annual rainfall (X1) and annual long-run relationship among the variables
temperature (X2) (Table 8) this shows a of the model.

Table 7: Result of co-integration analysis of non-logged variables for regression equation

Eigen  Likelihood 5 Percent 1 Percent Hypothesized  Co-integrating
Value Ratio Critical Value  Critical Value  No. of CE(s) Variables

0.659  128.380 94.150 103.180 None ** Capture fisheries
0.623  87.527 68.520 76.070 At most 1 ** temp

0.449 50441 47.210 54.460 At most 2 * rain

CE(s) means Co-integration(s)
* and** denote rejection of hypothesis of no co-integration at 1% and 5% significance level respectively.

Table 8: Result of co-integration analysis of logged variables for regression equation

Eigen Likelihood 5 Percent 1 Percent Hypothesized Co-integrating
Value Ratio Critical Value Critical Value No. of CE(s) Variables

0.649  127.380 94.250 104.180 None ** Capture fisheries
0.613  86.527 68.420 77.070 At most 1 ** temp

0.459 50.441 47.310 54.460 At most 2 * rain

CE(s) means Co-integration(s)
* and** denote rejection of hypothesis of no co-integration at 1% and 5% significance level
respectively.

Table 9 presents the results of the variables. In the same way, Table 10
Johnson co-integration test for non-logged reveals two co-integrating equations
values of the variables (aquaculture among the logged values of the variables
fisheries supplies (Y), annual rainfall (X;) (aquaculture (Y), annual rainfall (X1), and
and annual temperature (X») of the model. annual temperature (X2) of the model,
The table reveals two co-integrating indicating a long-run relationship among
equations among the variables, reflecting the variables.

a long-run relationship among the

Table 9: Results of co-integration analysis of non-logged variables for regression equation

Eigen Likelihood 5 Percent 1 Percent Hypothesized  Co-
Value Ratio Critical Value Critical Value No. of CE(s) integrating
Variables
0.648 127.381 94.251 104.181 None ** Aquaculture
0.614 86.528 68.421 77.071 At most 1 ** fisheries
0.458 50.442 47311 54.461 At most 2 * temp
rain

CE(s) means Co-integration(s)
* and** denote rejection of hypothesis of no co-integration at 1% and 5% significance level
respectively
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Table 10: Result of co-integration analysis of logged variables for regression equation

Eigen  Likelihood 5 Percent 1 Percent Hypothesized Co-integrating
Value Ratio Critical Value Critical Value  No. of CE(s) Variables
0.658  128.381 94.151 103.181 None ** Aquaculture
0.624  87.528 68.521 76.071 Atmost 1 **  fisheries
0.448  50.442 47.211 54.461 At most 2 * temp

rain

CE(s) means Co-integration(s)

* and** denote rejection of hypothesis of no co-integration at 1% and 5% significance level

respectively.

Results of Error Correction Analysis

The results of the error correction analysis
for the capture is fisheries presented in Table
11. The value of coefficient of determination
(R?) is 0.870 and the F-statistics 98.64 is
statistically significant at a 1% level showing
that the model has a high level of explanatory
power and a good fit. The value (-0.907) of the
error correction factor (ECT)is negative as
expected and statistically significant at a 1%
level, affirming co-integration and existence
of a long-run equilibrium steady state between
capture fisheries supply, annual temperature,
and annual rainfall. From the Table, the

Table 11: Results of error correction analysis

coefficient of annual rainfall (X1) and annual
temperature (Xz) lagged by one year are
positive and statistically significant at a 1%
level, indicating the capture fisheries supply is
affected by the previous year's annual rainfall
and temperature. The implication of these
results is that the current capture fisheries
output is dependent on the previous year’s
annual rainfall and temperature.

In summary, the results reveal that annual
rainfall (X;) and annual temperature (X3)
lagged by one year positively affects the
output of capture fisheries.

Dependent variable Ln Y (capture fisheries output)

Variable Coefficient t-statistics
ECMt(-1) -0.907 6.021"
ALnX; 0.043 -0.396
ALnX;(-1) 0.298 3.940"
ALnX; 0.227 0.242
ALnX5(-1) 0.281 4.932"
C 0.005 1.172
R? 0.870

Adjusted R? 0.794

T-statistics 9.364"

Log likelihood 107.384

[Durbin Watson 1.930

Akaike (AIC) -4.7707

Schwarz (SC) -3.929

Mean dependent 0.011

S D dependent 0.043

*, Coefficient significance at 5% level
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Table 12 presents the results of error
correction analysis for aquaculture
fisheries. The value of the coefficient of
determination is 0.720 and the F-statistics
(31.82) is statistically significant at a 1%
level, showing that the model has a good
fit and high explanatory power. The value
(-0.719) is negative, conforming to apriori
expectation and affirming the long-run
relationship among aquaculture output,
annual rainfall, and annual temperature.

From the Table, the coefficient of
annual rainfall (X1) is positive and is
statistically significant at a 5% level,
showing a direct relationship between
annual rainfall and output from
aquaculture fisheries. This result implies

Table 12: Result of error correction analysis

that the amount of rainfall per year is a
significant determinant of output from
aquaculture. However, the coefficient of
annual temperature (X2) is negative and
statistically significant at a 5% level,
indicating an inverse relationship between
annual temperature and output from
aquaculture fisheries. The implication of
this result is that aquaculture fisheries
output is negatively affected by annual
temperature.

In summary, the results reveal that
annual rainfall (X1) and annual
temperature (X2) have an asymmetric
effect on the output of aquaculture
fisheries.

Dependent Variable = Ln Y (aquaculture fisheries output)

Variables Coefficients t-value
ECMt(-1) -0.719 6.221"
LnX; 0.499 0.642**
ALnX;(-1) 0.298 3.940"
LnX, -0.192 -0.482%*
ALnX5(-1) 0.281 4.932"
C 0.565 0.383
R? 0.720

Adj. R, 0.728

Sum sq resid 1.576

S.E. equation 0.288

F-statistic 31.820%

Log likelihood 5.884

Durnin Wat. 1.761

Akaike AIC 0.654

Schwarz SC 0.439

Mean Dep 0.020

S.D. Dep. 0.274

Source: Computer printout, 2021.
** Coefficient significant at 5% level.
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Conclusion and Recommendations

From the study findings, it was
concluded that climate change
significantly influences the output of
capture and aquaculture fisheries in
Nigeria, for sustainable capture and
aquaculture fisheries, it is recommended
that laws should be enacted to control the
emission of greenhouse gases to mitigate
the effect of climate change on production
and productivity of capture and
aquaculture fisheries in Nigeria. Huge
investment should be made in the
construction of water dams, boreholes,
and other water reservoirs to facilitate dry
season aquaculture. Regulatory laws on
capture fisheries should be reviewed and
enforced to ensure sustainable production
and productivity of capture fisheries.
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