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Abstract
Temperature and rainfall are among the climatic variables required in determining the availability of water in an environment, especially for agricultural purposes and domestic consumption by man. However, there are
concerns that these variables are being affected by global warming which
thus necessitates the need to study their impact on the environment such as
the identification of drought. The mean monthly temperature and rainfall
data utilized in this work were obtained from the Nigerian Meteorological
Agency (NIMET), Lagos, Nigeria for the period 1981 to 2010, and analyzed
using the descriptive statistical approach including the rainfall anomalies index. After the analysis, the results showed that a non-uniform pattern of
changes in temperature was evident across the different stations considered in
which the variations in the local temperature trends were not spatially uniform. Twelve of the stations (Calabar, Port-Harcourt, Owerri, Benin, Enugu,
Lagos, Ondo, Ibadan, Ilorin, Maiduguri, Sokoto and Katsina) out of the 18
stations considered have their mean monthly temperature increasing, which
shows that majority of these stations are experiencing warming. In essence,
the rainfall anomaly index thus showed that there is an evidence of drought
in some of these stations considered (Warri, Benin, Enugu, Minna, Nguru,
Sokoto and Katsina). However, it is important to continually check for both
temperature trends and rainfall anomalies for enhanced and good agricultural
planning of a nation since it was discovered that each particular area has
unique rainfall and temperature patterns which are non-consistent with each
other.
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1. Introduction
Climatic variables are the parameters such as temperature and rainfall upon
which climate change variability depends on. Of recent there is a great concern
over the negative impact of climate change which has strengthened the fears that
environmental degradation and demographic pressures will displace millions of
people in Africa, thereby creating serious social upheaval. Also scientists studying the potential impact of climate change have predicted that Africa is likely to
experience higher temperatures, rising sea levels, changing rainfall patterns and
increased climate variability, all of which could affect much of its population
(Nebedum et al., 2016) [1]. Since the impacts of climate change are spatially heterogeneous across a range of geopolitical scales, it was believed that developing
countries would be more at risk because of their reliance on climate-sensitive
sectors (Godwin, 2015) [2]. Also the impact of climate change is now more pronounced worldwide with consequences of climatic hazards such as severe
storms, floods, heat waves and droughts.
In essence, climate variability has been attributed to changes in rainfall patterns (Adger et al., 2003 [3]; Obot et al., 2010 [4]) as a result of the large inter-annual rainfall variability which often results in climatic and environmental
hazards, there is the need to study rainfall characteristics due to the occurrence
of recent socio-economic developments such as urbanization, industrialization
and over-population (Joshua and Ekwe, 2013) [5].
Moreover, since the global climate has been noticed to have changed rapidly,
with the global mean temperature increasing by 0.7˚C within the last century,
and the rates of change are significantly different among regions (IPPC, 2007)
[6], hence, there is the need to study the impact of both the temperature and
rainfall, especially in the identification of drought in our environment. Therefore, the purpose of this research is to study and analyse both temperature and
rainfall, over a certain period of time in order to identify the areas prone to
drought.

2. Methodology
The mean monthly temperature and rainfall data for the period of 30 years utilized in this work were obtained from the Nigerian Meteorological agency
(NIMET). A similar approach used by Kruger and Shingle (2004) [7], including
Milambo et al., (2011) [8] were used to analyze the data. The mean annual temperature was calculated from the average monthly minimum and maximum
temperatures. Also, the trends were estimated by fitting linear regression lines
on the monthly temperature data.
The linear trend function (Equation (1)) was applied in fitting the seasonal
annual temperature at the various stations considered.

f (=
x, t ) ax ( t ) + b

(1)

where x(t) is the seasonal/annual temperature (e.g., average, maximum or
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minimum temperature) at t(months) = 1, 2, ···, 360 and a is the linear trend (in
˚C/year).
The seasonal and annual temperature averages were calculated for each of the
stations considered and their corresponding trends also determined. The seasons
were defined in terms of the normal season of the region, e.g. rainy season (April
to October) and dry season (November to March).
The rainfall anomaly index (Van Rooy, 1965) [9] was used to describe the
rainfall variability has been used by (Tilahun, 2005) [10]. The drought index was
calculated for the region using rainfall variability indices in order to establish
some arbitrary values for drought identification. Also utilized were the mean
rainfall for the total period considered (1981 to 2010), mean of the 10 highest
values of rainfall recorded, and mean of the 10 lowest values of rainfall recorded
for each of the decades within the period considered.
The annual Rainfall Anomaly Index (RAI) for Positive anomalies is calculated
as:
 RF − M RF 
+3 
RAI + ve =

 M H 10 − M RF 

(2)

While that of negative anomalies is calculated as
 RF − M RF 
−3 
RAI − ve =

 M L10 − M RF 

(3)

where RF is the actual rainfall for a given year, MRF is the mean rainfall for the
period considered MH10 is the mean rainfall for 10 of the highest values of rainfall
on record, and ML10 is the mean rainfall for 10 of the lowest values of rainfall on
record the period considered.

3. Results and Discussion
3.1. Trends of Annual Maximum Temperature, Minimum
Temperature and Annual Mean Temperature
Out of the 18 stations considered in this study, the mean maximum temperature
in ten (10) of the stations (Calabar, Benin, Ibadan, Minna, Jos, Bauchi,
Maiduguri, Kano, Sokoto and Katsina) are increasing (i.e. positively) (Figure 1).
While the mean minimum temperature in eleven (11) of the stations (Enugu,
Ondo, Ilorin, Minna, Jos, Bauchi, Maiduguri, Nguru, Kano, Sokoto and Katsina)
are also increasing (Figure 2) in a similar manner to that of the maximum temperature. This show that the minimum temperature in majority of the stations
considered is catching up with the maximum temperature (i.e. Diurnal Temperature Range (DRT) is reducing) which is responsible for global warming.
However seven (7) out of the nine (9) stations in the northern part of the country are warming up seriously (Minna, Jos, Bauchi, Maiduguri, Nguru, Sokoto
and Katsina). Furthermore, on a general bases, out of the 18 stations considered,
12 of the stations (Calabar, Port-Harcourt, Owerri, Benin, Enugu, Lagos, Ondo,
Ibadan, Ilorin, Maiduguri, Sokoto and Katsina) which are mainly stations in the
DOI: 10.4236/oalib.1107209
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Figure 1. Mean maximum annual temperature trend for the stations considered.

Figure 2. Mean minimum annual temperature trend for the stations considered.

southern part of the country has their annual mean temperature increasing
(Figure 3), which show that majority of these locations in the country are also
experiencing warming.

3.2. Seasonal Trends
Out of the 18 stations considered for seasonal trend, eight (8) of the stations are
having values above the mean rainfall for the period of study, while the remaining nine (9) are having values below the mean rainfall for the period of study
(Figure 4).
DOI: 10.4236/oalib.1107209
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Figure 3. Mean annual temperature trend for the stations considered.

Figure 4. Mean trend for rainy season.

3.3. Mean Monthly Temperature
The temperature analyses for the mean monthly temperature at Calabar,
Port-Harcourt and Warri. (Figure 5) showed that at Calabar, the months November and May are the months with the highest temperatures. The lowest
temperatures occur in August (about 25.1˚C), with the average annual temperature being about 26.8˚C. Moreover the temperature analysis for the mean
monthly temperature at Port-Harcourt shows that January and May are the
months with the highest temperatures. The lowest temperatures occur in July
and August (about 25.2˚C), with the average annual temperature being about
27˚C. Furthermore the temperature analysis for Warri shows that October and
May are the months with the highest temperatures. The lowest temperatures
occur in July and August (about 26˚C), with the average annual temperature
DOI: 10.4236/oalib.1107209
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Figure 5. Mean monthly temperature for Calabar, Port-Harcourt and Warri.

being about 27.6˚C.
The temperature analysis for the mean monthly temperature at Owerri, Benin
and Enugu in (Figure 6) show that November to December and February to
April are the months with the highest temperatures. The lowest temperatures
occur in July and August (about 26˚C), with the average annual temperature being about 27.8˚C. Also the temperature analysis for mean monthly temperature
at Benin shows that November to May are the months with the highest temperatures. The lowest temperatures occur in August (about 25.5˚C), with the average annual temperature being about 27.5˚C. Furthermore the temperature
analysis for mean monthly temperature at Enugu shows that January to May are
the months with the highest temperatures. The lowest temperatures occur in
August (about 26˚C), with the average annual temperature being about 27.4˚C.
The temperature analyses for the mean monthly temperature at Lagos, ondo
and Ibadan in (Figure 7) show that October and May are the months with the
highest temperatures. The lowest temperatures occur in July and August (about
25.5˚C), with the average annual temperature being about 27.3˚C. Moreover the
temperature analysis for the mean monthly temperature at Ondo shows that
October and April are the months with the highest temperatures. The lowest
temperatures occur in August (about 24.8˚C), with the average annual temperature being about 26.8˚C. Likewise the temperature analysis for the mean
monthly temperature at Ibadan shows that November and May are the months
with the highest temperatures. The lowest temperatures occur in August (about
25˚C), with the average annual temperature being about 27.2˚C.
The temperature analyses for the mean monthly temperature at Ilorin, Minna
and Jos in (Figure 8) showed that November and January to May are the months
DOI: 10.4236/oalib.1107209
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Figure 6. Mean monthly temperature for Owerri, Benin and Enugu.

Figure 7. Mean monthly temperature for Lagos, Ondo and Ibadan.

with the highest temperatures. The lowest temperatures occur in August (about
25˚C), with the average annual temperature being about 27.1˚C. Moreover the
temperature analysis for the mean monthly temperature at Minna shows that
November to May and July are the months with the highest temperatures. The
lowest temperatures occur in August (about 25˚C), with the average annual
temperature being about 27.9˚C. Furthermore the temperature analysis for the
mean monthly temperature at Jos shows that September, October and February
are the months with the highest temperatures. The lowest temperatures occur in
DOI: 10.4236/oalib.1107209
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Figure 8. Mean monthly temperature for Ilorin, Minna and Jos.

August (about 20˚C), with the average annual temperature being about 21.6˚C.
The temperature analyses for the mean monthly temperature at Bauchi,
Maiduguri and Nguru in (Figure 9) show that March to June are the months
with the highest temperatures. The lowest temperatures occur in August (about
23˚C), with the average annual temperature being about 26.3˚C. Likewise the
temperature analysis for the mean monthly temperature at Maiduguri shows
that September, October and March to July are the months with the highest
temperatures. The lowest temperatures occur in January (about 23˚C), with the
average annual temperature being about 27.9˚C. Furthermore the temperature
analysis for the mean monthly temperature at Nguru shows that September,
October and March to July are the months with the highest temperatures. The
lowest temperatures occur in August (about 23˚C), with the average annual
temperature being about 28.2˚C.
The temperature analyses for the mean monthly temperature at Kano, Sokoto
and Katsina in (Figure 10) show that March and June are the months with the
highest temperatures. The lowest temperatures occur in January and December
(about 22˚C), with the average annual temperature being about 28.7˚C. Moreover
the temperature analysis for the mean monthly temperature at Sokoto shows that
March and June are the months with the highest temperatures. The lowest temperatures occur in January and December (about 25˚C), with the average annual
temperature being about 29˚C. Furthermore the temperature analysis for the
mean monthly temperature at Katsina shows that October, March and July are
the months with the highest temperatures. The lowest temperatures occur in
January (about 21˚C), with the average annual temperature being about 26.8˚C.

3.4. Rainfall Anomaly Index
The rainfall anomalies index for Calabar in (Figure 11) show that the value
DOI: 10.4236/oalib.1107209
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Figure 9. Mean monthly temperature for Bauchi, Maiduguri and Nguru.

Figure 10. Mean monthly temperature for Kano, Sokoto and Katsina.

Figure 11. Rainfall anomalies index for Calabar.
DOI: 10.4236/oalib.1107209
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ranges from +6.9 in 1995 to −14.1 in 2007. The rainfall was below the mean from
1980 to 1990. While it was above the long term mean from 1995 to 2009. From
Equation (3), the value of rainfall anomaly index (RAI) less than −3 show that
there is drought. So there is an evidence of drought in the first decade for Calabar, while there is increase in the amount of rainfall from 1995.
The rainfall anomalies index for Port-Harcourt in (Figure 12) shows that the
value ranges from +8.2 in 2006 to −7.1 in 1983. The rainfall was above the long
term mean throughout the period of consideration. This shows that there is no
evidence of drought for Port-Harcout.
The rainfall anomalies index for Warri in (Figure 13) show that the value is
below the mean throughout the period of consideration. There is an evidence of
drought for the Warri throughout the period of consideration.

Figure 12. Rainfall anomalies index for Port-Harcourt.

Figure 13. Rainfall anomalies index for Warri.
DOI: 10.4236/oalib.1107209
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The rainfall anomalies index for Owerri in (Figure 14) show that the value
ranges from +4.1 in 2009 to −11.0 in 2008. For the earlier two decades, the value
below the mean and above the long term mean for the last decades. There was
no evidence of drought for the last decade.
The rainfall anomalies index for Benin in (Figure 15) show that the value
ranges from +4.0 in 1995 to −10.0 in 2005. The value is below the mean
throughout the period. This shows that there is an evidence of drought persistence for the station.
The rainfall anomalies index for Enugu in (Figure 16) show that the value
ranges from +0.3 in 1982 to −0.15 in 1997. The value is below the mean value
throughout the period of consideration. There is an evidence of drought persistence for the station.

Figure 14. Rainfall anomalies index for Owerri.

Figure 15. Rainfall anomalies index for Benin.
DOI: 10.4236/oalib.1107209
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Figure 16. Rainfall anomalies index for Enugu.

The rainfall anomalies index for Lagos in (Figure 17) show that the value
ranges from +5.1 in 1997 to −5.8 in 1983. The value is above the long term mean
throughout the period of consideration. There no evidence of drought for the
station.
The rainfall anomalies index for Ondo in (Figure 18) show that value ranges
from +6.1 in 1991 to −10.0 in 1984. The value is above the long term mean most
of the year. There is no evidence of drought persistence for the station.
The rainfall anomalies index for Ibadan in (Figure 19) show that the value
ranges from +5.8 in 2008 to −5.8 in 1983. The value is above the long term mean
throughout the period. There is no evidence of drought for the station.
The rainfall anomalies index for Ilorin in (Figure 20) show that the value
ranges from +5.8 in 2008 to −6.7 in 2002. Also the value for Ilorin is above the
long term mean throughout the period of consideration. There is no evidence of
drought persistence for the station
The rainfall anomalies index for Minna in (Figure 21) show that the value is below the mean value throughout the period of consideration. There is an evidence of
drought persistence for the station.
The rainfall anomalies index for Jos in (Figure 22) show that the value ranges
from +8.0 in 2003 to −8.2 in 1995. The value is below the mean value for the
early decade from 1980 to 1990 and the value is above the long term mean from
1995 to 2010.
The rainfall anomalies index for Bauchi in (Figure 23) show that the value
ranges from +7.0 in 2009 to −5.5 in 1999. The value is below the mean for the
early decade and above the long term mean for the past two decades. There is no
evidence of drought persistence for the past two decades.
The rainfall anomalies index for Maiduguri in (Figure 24) show that the value
ranges from +8.0 in 2007 to −5.1 in 1982. The rainfall clusters together around
the mean from 1985 to 1994, whereas it varies rapidly from the mean around
DOI: 10.4236/oalib.1107209
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Figure 17. Rainfall anomalies index for Lagos.

Figure 18. Rainfall anomalies index for Ondo.

Figure 19. Rainfall anomalies index for Ibadan.
DOI: 10.4236/oalib.1107209
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Figure 20. Rainfall anomalies index for Ilorin.

Figure 21. Rainfall anomalies index for Minna.

Figure 22. Rainfall anomalies index for Jos.
DOI: 10.4236/oalib.1107209
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Figure 23. Rainfall anomalies index for Bauchi.

Figure 24. Rainfall anomalies index for Maiduguri.

1995 to 2010. There is no evidence of drought for the past decade.
The rainfall anomalies index for Nguru in (Figure 25) show that the value
ranges from +6.0 in 1994 to −8.0 in 2003. The value is below the mean for the
early decade and above the long term mean from 1995 to 2000. There is an
evidence of drought for the last decade.
The rainfall anomalies index for Kano in (Figure 26) show that the value
ranges from +6.1 in 2001 to −4.1 in 1984. The rainfall is below the average from
1981 to 1988. There is an evidence of drought persistence for the station.
The rainfall anomalies index for Sokoto in (Figure 27) show that the value
DOI: 10.4236/oalib.1107209
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Figure 25. Rainfall anomalies index for Nguru.

Figure 26. Rainfall anomalies for Kano.

Figure 27. Rainfall anomalies index for Sokoto.
DOI: 10.4236/oalib.1107209
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Figure 28. Rainfall anomalies index for Katsina.

ranges from +10 in 2010 to −6.1 in 1987. The value is below the mean value
throughout the period of consideration. There is an evidence of drought for the
station.
The rainfall anomalies index for Katsina in (Figure 28) show that the value
ranges from +6.1 in 2010to −4.1 in 1996. The value is below the mean value for
the earlier two decades and little above the long term mean for the last decade.

4. Conclusions
In the analysis carried out in this study, it was observed that temperature trends
were not consistent between seasons, in which there is a non-uniform pattern of
changes in temperature been evident across the different stations considered.
For example, there was an increase of 0.36˚C/decade in the mean annual temperature for Enugu over the 30 years period. However, Port-Harcourt had the
highest positive trend for the rainy season, with Minna having the highest negative trend. Also, Katsina has the highest positive trend and Ilorin the highest
negative trend for dry season.
February and March were observed to be the month of highest temperature
trend for most of the stations considered, except for Bauchi, Sokoto and Kano
with temperature peaking in April. However, Maiduguri, Nguru and Katsina
have their own highest temperature peak around May.
In the analysis of trends over the whole region, it was also observed that the
variations in the local temperature trends were not spatially uniform. Each of the
18 stations considered exhibits unique trends. Out of the 18 stations considered
for seasonal trend, eight (8) of the stations have their rainy season increasing
(positive). Also, on a general base, out of the 18 stations considered, 12 of the
stations (Calabar, Port-Harcourt, Owerri, Benin, Enugu, Lagos, Ondo, Ibadan,
Ilorin, Maiduguri, Sokoto and Katsina) which are mainly stations in the southern part of the country have their mean monthly temperature increasing (posiDOI: 10.4236/oalib.1107209
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tive). This shows that majority of the stations in the country are experiencing
warming.
The obtained rainfall anomaly index for the plotted rainfall data shows that
there is evidence of drought for some of the stations considered (Warri, Benin,
Enugu, Minna, Nguru, Sokoto and Katsina), despite that most stations show
greater deviation from their mean value throughout the period of consideration
in this work. Hence, it is important to continually analyze temperature trend,
and check for anomalies in rainfall in order to be able to ascertain good agricultural planning for enhanced economic growth of a nation since all the stations
considered have their own peculiar trends that vary from time to time, which are
also non-consistent with each other.
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