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ABSTRACT
Weather variability is one of the serious environmental challenges that have received a lot of public outcry in most
parts of the world due to its consequence on agriculture, energy and industry. This study examined the effects of
temperature and rainfall on cassava production in Bwari Area Council of the Federal Capital Territory, Abuja,
Nigeria. The study determined the trend and variability of temperature and rainfall of Bwari Area Council over the
past 20 years (1998-2018); examined the effects of temperature and rainfall on cassava production in the study
area; and predicted future changes in temperature and rainfall of the study area from 2018-2038.Temperature and
rainfall data for the period of 1998-2018 was collected from the Nigeria Meteorological agency, Abuja. Analytical
tools such as Cross-tabulation, Chi-square, Hierarchical multiple regression, trend equations and graphs were used
to analyze the quantitative data. Results showed that maximum temperature had some statistically significant
negative relationship with cassava yield. It was also revealed that temperature and rainfall were statistically
significant with temperature showing a higher beta value (beta = -.79, P < .05) than that of rainfall (beta= -.27, P<
.05). The trends in both projected mean annual maximum and minimum temperature for the period 2018-2038
shows an increasing trend. It was further revealed that annual cassava outputs for the period 2018-2038 are
expected to oscillate from 1800 to 2189 kilogram per hectare per year. It is recommended that heat resistant
cassava species be developed by the Crops Research Institute of Nigeria.
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1. Introduction

One of the biggest environmental challenges
bedeviling mankind in this 21st century is the
changing weather (rainfall and temperature) across
the globe (Datta, 2013). The magnitude of impact of
the phenomena cannot be underestimated as it has the
propensity to affect the output of most agricultural
produce including   root and tubers (Lee et al., 2012;
Kessahun et al., 2011 and Kotir, 2011).
The variability of the weather has been a topical issue
in a sustainable environment as the    yield and
production is very important to the economy and
livelihood of the people of   Nigeria and the world at
large. Temperature and precipitation are two most
important weather parameters that are most studied in
weather research because of their immediate impact
in various socio-economic sectors (e.g. agriculture
and hydrology), including human comfort
(Uddinetal., 2014). Temperature and rainfall have
therefore become important variables which can have

direct and indirect effects on agricultural products in
general.
Nigeria is predominantly rural in character in which
more than 80% of total population lives in the rural
areas (FAO, 2002). The economy is basically
agrarian, with majority of the people living in squalor
and very poor standard of living. Most of the farmers
are subsistence small holders, farming averagely 1.2
hectares of farmland under a traditional system
characterized by low technology and production
efficiency. Besides, they are also faced by problems
of natural resource inputs, especially land, water,
labour and management. In cassava production,
Nigeria is rated the highest producers in terms of its
volume of production (FAO, 2002).
Cassava is a versatile crop with numerous uses. Each
component of the crop can be valuable to farmer. In
some areas the leaves may be consumed as a root
crop or dried and fed the livestock as a protein feed

+

+



CONFLIUENCE JOURNAL OF ENVIRONMENTAL STUDIES VOL. 14 (ISSUE 1) 2021

2

www.confluencejournal.com.ng ISSN: 1597-5827

Ademu et al., (2021) Effects Of Weather Variability On Cassava Production In Bwari Area Council, Federal Capital Territory, Abuja, Nigeria

supplement. The stem is used as planting material
while the tubers are processed for human and animal
consumption. In Nigeria, cassava is produced for
food especially in the form of “gari”, “fufu”, “lafun”
and “akpu” and is exported as an industrial raw
material to conserved foreign earnings. Robbinson
and Kolaialli (2001) stressed that cassava can be
processed into several secondary product of
industrial market value such as chips, pellets, flour,
alcohol and starch which are vital raw material in
livestock feed industries, textile and brewery
industries. Cassava production also creates
employment opportunities as well as contributing to
the food security status of many farming households
in Nigeria.

Quantitative approach has been adopted by these
researchers in finding out the effects of weather
variability on crop production (Awotoye and
Matthew, 2010 and Tshiala and Olwoch, 2010 and
Traore, 2013). However, the deficiency associated
with this particular approach is that, it emphasises the
breadth of the study rather than the depth (Creswell,
2010).  It is in the light of this that this research
employs the mixed methodology to add a qualitative
dimension to the already used quantitative approach
to help address the problem holistically. Also, even
though there seem to be much research regarding the
impact of weather variability and change on
agriculture, very little information is available on
weather variability and casava production, especially

in Bwari Area Council, which is noted for its large
scale production of Casava in the Federal Capital
Territory; hence the contextual and locational gap
filled by this study. In view of the relevance of
cassava to the socio-economic development of the
country, there is the urgent need for research to be
conducted to see how best we can help sustain food
production through the production of more cassava
particularly in Bwari Area Council to meet the urgent
need of the society.

2. Materials and Methods
Bwari Area Council is one of the Local Government
Areas in the Federal Capital Territory and lies
between Latitudes 9° 5' 11'' and 9° 7' 2'' North of the
Equator and Longitudes 7° 22' 33'' and 7° 25' 36''
East of the Greenwich Meridian. The area council
shares common boundary with Kaduna State to the
north, Niger State to the west, Abuja Municipal Area
Council to the south and Nasarawa State to the east
as shown in figures 1 and 2.
Temperature and rainfall data for the period of 1998-
2018 were collected from the Nigeria Meteorological
agency, Abuja. Analytical tools such as Cross-
tabulation, Chi-square, Hierarchical multiple
regression, trend equations and graphs were used to
analyze the quantitative data. The Analysis of
Variance (ANOVA) was also used to assess the
significance of the regression model and the P-values
were used to evaluate the contribution of each of the
predictors.



CONFLIUENCE JOURNAL OF ENVIRONMENTAL STUDIES VOL. 14 (ISSUE 1) 2021

3

www.confluencejournal.com.ng ISSN: 1597-5827

Ademu et al., (2021) Effects Of Weather Variability On Cassava Production In Bwari Area Council, Federal Capital Territory, Abuja, Nigeria

Figure 1: Abuja Showing Bwari Area Council
Source: National Space Research Development Agency (NASRDA), 2018
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Figure 2: Bwari Area Council showing study settlements
Source: National Space Research Development Agency (NASRDA), 2018
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3. Results and Discussion

This section presents the results of analysis on the trend of temperature and rainfall, their effects on cassava
production and the prediction of their future changes in the study area from 2018-2038.

3.1 Trend of weather variables in the study area from 1998– 2018.
Table 1: Inter-annual weather variations in the study area

Year Mean Mean Annual
Maximum Minimum Rainfall (mm)
Temperature Temperature
(0C) (0C)

1998 28.50 19.50 1062.40

1999 28.60 19.50 1372.60

2000 29.50 19.50 1178.30

2001 29.50 19.60 1079.70

2002 29.00 20.00 1017.90

2003 29.70 20.00 1334.30

2004 30.00 20.00 1003.00

2005 30.00 20.10 990.80

2006 29.50 20.10 1332.30

2007 29.50 20.10 1464.20

2008 30.40 20.20 1069.40

2009 30.40 20.10 1230.30

2010 30.50 20.10 1456.70

2011 30.50 20.10 1100.00

2012 30.50 20.10 1039.90

2013 30.60 20.20 1157.20

2014 30.60 20.20 1239.50

2015 30.60 20.30 1088.20

2016 30.70 20.30 1190.50
2017 30.40 20.20 1069.40
2018 31.00 21.0 1070.20

Source: Obtained from University of Abuja Weather Station (2018)
From Table 1, the estimated anomalies of the inter-
annual weather variations show that the amounts of
maximum temperature varied from year to year. It is
evident from the table that there are anomalies in the
maximum temperature. These are indications that
Abaji Area Council is becoming warmer. Figure 1
shows maximum temperature trend in the study area
from 1998-2018. This therefore supports the study of
Kalibbala (2011) who asserted that high diurnal

temperatures above 27oC are likely to induce pollen
sterility of cassava with high night temperatures
adversely affecting flower initiations of cassava with
the ultimate effect on yield. However, the result is
inconsistent with the study of Tubiello (2012) who
observed an increase in cassava yield in the wake of
high temperature in the Limpopo Province, South
Africa, between the periods of 1971 and 2007.
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Figure 1: Maximum temperature trend in the study Area (1998- 2018)

Source: Field Work, 2018.
Figure 1 show that maximum temperature oscillated
and increased sharply, especially within the first
decade (1998-2008) as compared to the second
decade (2008-2018). From the graph, maximum
temperature increased sharply from 1998 to 2001 and
thereafter fell in 2002. Again, there was a sharp
increase in maximum temperature from 2002 to 2005
before falling in 2006 with 2007 remaining constant.
However, during the second decade, maximum
temperature sharply increased from 2008 to 2010 and
afterwards experienced a relatively general steady

increase to 2017. It is observed from the time series
data that 2016 and 2017 recorded the highest
maximum temperature of 30.7 0C. The trend equation
and the trend line of the mean maximum temperature
generally shows an increasing trend (0.1073x) which
means that the average maximum temperature over
the years (1998- 2018) has been increasing. The
degree of variation (R2 =0.8139) shows that the
variability in maximum temperature in the area is
approximately 1 percent. The mean minimum
temperature is shown on figure 2.
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Figure 2: Mean Minimum Temperature of the study area from 1998-2018

Source: Filed Data, 2018

The graph also shows a sharp increase in the
minimum temperature from 2001 to 2002 and
thereafter maintained a constant trend (20.0oc) from
2003 to 2004. Afterwards, it remained constant
(20.10oc) between the periodsof 2004 and 2006
before assuming some oscillations up to 2013. The
minimum temperature rose from 2015 to 2016 and
later increased sharply to 2018. The highest
minimum temperature (21.00C) was recorded in 2017
and 2018. The trend equation and thetrend line of the
mean minimum temperature generally shows an
increasing trend (0.0356x) which means that the
average minimum temperature over the years (1998-
2018) has been rising. The degree of variation (R2

=0.7192) shows that the variability in minimum
temperature in the area is approximately 1 percent.
Once again, the first decade indicated a sharp
increase in temperature as compared to the second

decade which showed some slight increases.The
implication of an increase in the minimum
temperature to crops in general is that, it will affect
photosynthetic activities of crops which may in the
long run affect the yield of crops, especially cassava
which according to Okezie (2012) needs a minimum
amount of temperature of about 15 0C to 200C for
survival.
The annual rainfall amount portrays an increasing
trend, notwithstanding the increase in temperature
over the periods under consideration. From the graph,
annual rainfall increased from 1998 to1999 before
declining sharply from 1999 to 2002. There wasan
increase in annual rainfall again from 2002 to 2003
and fell again from 2003 to 2004. It maintained a
similar trend between 2004 and 2005 before
increasing again from 2005 to 2006 and fell in 2007
as shown on figure 3.

Figure 5: Annual Rainfall of the study area from 1998-2018
Source: Field Data, 2018
It is also clear from the graph that rainfall increased
from 2008 to 2010 and later fellsharply between 2011
and 2012. These variations did not end as annual

rainfall amount increased again from 2012 to 2014
and fell again in 2015 before assuming an increasing
posture from 2015 to 2016. It is obvious from the
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graph that rainfall indeed experienced a number of
variations over the period under consideration (1998-
2018) with thehighest rainfall (1464.2 and 1456.70
mm) occurring in 2007 and 2010 respectively. The
trend equation of the annual rainfall shows a gradual
increasing trend (2.1561x) which means that the
annual rainfall pattern over the years (1998-2018) has

been increasing at a steady rate.This means that even
though rainfall seems to be increasing over the
periods, the trend of increase is generally gradual.
The degree of variation (R2=0.0073) shows that the
variability in annual rainfall in the area is less than 1
percent.

3.2 Effects of Temperature and Rainfall on
Cassava Production

Hierarchical multiple regression was performed to
investigate the ability of the two weather variables

(temperature and rainfall) to predict the yield of
cassava after controlling for confounding variables
such as soil type, application of agro-chemicals,
irrigation and the variety of cassava.

Table 2: Multiple regression factors for independent variables

Variable Beta Coefficients Sig. P-value Adjusted R2

Irrigation .28 .07

Cassava variety .04 .82

.631Regular weeding .09 .61

Rainfall -.27 .00

Temperature -.79 .00

Dependent Variable: Cassava yield

Source: Field data (2018)

It is clearly evident from the regression analysis in
Table 2 that, temperature has a significant relationship
with cassava yield while controlling the confounding
variables. Again, the result indicates a significant
relationship between rainfall amount and cassava
yield holding other factors constant. Generally, it is
evident that irrigation, cassava variety, temperature
and rainfall predicted 63.1 percent of low cassava
yield considering the adjusted coefficient of
determination (Adjusted R2) which is .631. This
implies that some other factors or variables such as
pests and diseases can also influence low cassava
yield. In the final model where the predictive power
of all the independent variables were assessed, only
temperature and rainfall were statistically significant
with temperature showing a higher beta value (beta =
-.79, P < .05) than that of rainfall (beta= -.27, P< .05).

This means that temperature significantly affects
cassava yield, especially when it is above its optimum
which is between 21oC and 28oC. This therefore
supports the study of Kalibbala (2011) who asserted
that high diurnal temperatures above 27oC are likely
to induce pollen sterility of cassava with high night
temperatures adversely affecting flower initiations of
cassava with the ultimate effect on yield. However,
the result is inconsistent with the study of Tubiello
(2012) who observed an increase in cassava yield in
the wake of high temperature in the Limpopo
Province, South Africa, between the periods of 1971
and 2007. The reason for the increase in cassava yield
was due to the application of good farming practices,
fertiliser application and the employment of irrigation.
3.3 Projected changes in Rainfall
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The trends observed in projected annual rainfall
amounts for the period 2018-2038 are illustrated in
Figure 4.7. Projected annual rainfall amounts are
likely to have no strong but significant decrease (R2<

0.5) and (P > 0.05) respectively for the period 2018-
2038. This implies that changes in rainfall are likely
to occur in Bwari Area Council by 2038.

Figure 4: Projected Rainfall of Bwari Area Council from 2018-2038

Source: Author’s computation, 2018
The trends in projected annual rainfall amounts for the
study area was found to be decreasing for the period
2018-2038 and statistical analysis reveals that the
decrease is statistically significant. This is likely to
affect agricultural production because the population
of farmers in the study area largely depends on rain
fed agriculture for their livelihood. The study finding
relate to the findings of Manyeruke et al., (2012);
Waithaka et al (2013) who found out that rainfall in
South Africa and parts of the Horn of Africa is
projected to decline by about 10% by 2050.
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3.3.1: Projected Changes in Maximum and
Minimum Temperature

The trends observed in projected mean annual
maximum temperature for the period 2018-2038 are
illustrated in Figure 4.8. Annual maximum

temperature is likely to remain quasi uniform (R2 0.5)
and (P> 0.05) for the period 2018- 2038. This implies
that mean annual maximum temperature is likely to
vary but not change by 2038 characterized by slight
oscillations.

Figure 6: Projected trend of mean annual maximum temperatures from 2018-2038

Source: Author’s computation, 2018

The trend observed in projected mean annual

minimum temperature for the period 2018-2038 is
illustrated in Figure 6. Annual minimum temperature
is likely to remain quasi uniform for the period 2018-

2038 (R2< 0.5) and (P> 0.05). This implies that mean

annual minimum temperature for the study area is
likely to vary rather than change by 2038
characterized by oscillations.
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Figure 7: Projected mean annual minimum temperature from 2018-2038

Source: Author’s computation, 2018.
The trends in both projected mean annual maximum
and minimum temperature for the period 2018-2038
shows an increasing trend and statistical analysis
reveals that the increase is statistically insignificant.
This finding agrees with other study findings on the

notion that the mean surface temperature will
increase (Waithaka et al., 2013; IPCC, 2007, Zorom
et al., 2015). However, variations exist in the
magnitude and the temporal extent of their
predictions.

3.3.3 Effects of Future changes in Temperature
and Rainfall on Cassavaoutput
Cassava simulation results for the study area for the
period 2018-2038 are illustrated in figure 4.10.
Annual cassava outputs for the period 2018-2038 are
expected to oscillate from 1800 to 2189 kilogram per

hectare per year. However, in the years 2022 and
2030 there will be drastic increases in cassava output
as a result of increase in the net gain of soil moisture.
Generally, a decrease in cassava output of 2.6% is
expected for the period 2018-2038.
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Figure 7: Simulated cassava output per Kilogram (Kg) per hectare (ha) per year (yr)
Source: Field Work, 2018
Cassava simulation results for the period 2018-2038
reveal oscillations in annual output ranging from
1810-2189. However, the output is likely to decrease
by 2.6% but the decrease is insignificant. The
projected decrease is likely to occur due to the
projected increase in maximum and minimum
temperature and the projected decrease in rain fall by
2038 as established by the study.The study finding
conforms to the findings by Mohamed et al., (2002)
in the Sahel region and Kelly and Bayian (2010) in
the east African region who reported that climate
change will lead to a reduction of cassava output in
the coming decades.

4. Conclusion and Recommendations
The study has made fairly significant contribution to
previous methodologies regarding weather variability
and cassava production. In the first place, the study
has provided a framework for further research
regarding weather variability effects on cassava yield.
Unlike previous studies which adopted qualitative
methodologies (Awotoye and Matthew, 2010), this
study employed the quantitative methodological
approach. It was revealed that Rainfall variations were
insignificant for the period 1998-2018, but
temperature shows significant variations.
Based on the findings of the study, these
recommendations are proposed: Since the study area
is vulnerable to weather variability and cassava
cultivation is the major livelihood activity for the
local people, it is important to develop heat resistant
cassava varieties which can withstand high

temperature conditions and help improve yield. Also,
access to weather information by cassava farmers
could enhance adaptive strategies of the farmers. This
could reduce the adverse effects of weather
variability on their activities.
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