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Abstract

Over the years, climatic parameters have been used as climate change indicators to study climate change and its associated ex-
treme climate and extreme events; which are challenges to man and his environment. This paper attempt to evaluate climate extreme 
in Makurdi, due to the extreme hotness experience in Makurdi and its environs. Daily temperature and precipitation data for 35 years 
(1979 - 2013), from the Nigeria Meteorological (NIMET) Agency, Lagos were employed in this study. The data was first subjected to 
normality and homogeneity tests. It was subsequently subjected to strict quality control. The climate indices defined by the ETCCDI 
was adopted in this study. The climate indices were computed using RClimDex developed by the ETCCDI. Non-parametric Sen’s slope 
method and Mann-Kendall trend test were used in data analysis. The software R was employed in the statistical analysis at 0.05 
significant level. Results revealed significant increase in maximum and minimum temperature and hot extreme temperature indices 
(p < 0.05). The frequency of warm days (TX90p) and warm nights (TN90p) increased significantly while the reverse is the case with 
cold days (TX10p) and cold nights (TN10p). These are indications of a warming climate attributed to climate variability and changes. 
Precipitation extreme indices generally depict decrease in rainfall. These imply that Makurdi and its environs are trending towards 
a drier and warmer climate, which could be the reason for the observed extreme hotness. Changes in climate indices from 1979 - 
2013, as well as yearly and decadal trends were determined. Our results are in conformity with earlier findings and also complement 
earlier results in the north central region of Nigeria. The findings of this research may likely have great implication on agriculture for 
which Benue State is known for, as the food basket of the nation and invariably on national development. This study has provided 
information which is useful to general public, policymakers, system planners and resource managers.
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Introduction 

Climate change is one of the greatest challenges confronting 
the world in the 21st century. According to [1], climate change is 
due to the complex interaction of the climate system (atmosphere, 
oceans, cryosphere, surface lithosphere, and biosphere). Several 

observations of the behaviour of the climate by various scientists 
over the past decades to the present have highlighted the rate at 
which the system is currently changing. Research has shown that 
changes in precipitation pattern and global warming are some of 
the impacts of climate change. This has resulted in extreme weath-
er and climatic events.
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[2] reported that increase in climate extreme affects agriculture, 
human health, energy, water resources, and ecosystem significant-
ly, therefore; it attract worldwide attention. To determine extreme 
weather and climate events such as floods, droughts, heat waves, 
hail, high temperature, tornadoes, etc. in a region, different criteria 
are used based on the geographical locations. Several indicators 
and thresholds have been used by many authors over the years [3].

In order to have a unified indicators and threshold to clearly 
detect the occurrence of extreme weather and climate events, the 
Expert Team on Climate Change Detection and Indices (ETCCDI) 
was jointly established by the World Meteorological Organisation 
(WMO) and the World Climate Research Programme (WCRP) in the 
early 21st century. The ETCCDI defined 27 climate indices which are 
both globally and regionally used to investigate climate extreme. 
These indices are shown in table 1.

Several researchers have used these indices to assess tempera-
ture and precipitation extremes in different locations [2,4-9] re-
ported that the numbers of rainy days in the Sub-Himalayan region 
of Pakistan are decreasing, while the numbers of extreme rainfall 
days are increasing. According to [5], extreme rainfall and tem-
perature indices are one of the reliable ways of assessing climate 
change and variability. [10] observed increase in mean tempera-
ture and frequent extreme temperature events from their study in 
China. Similarly, [11] observed significant changes in temperature 
and precipitation extremes in the north central region of Nigeria.

Despite the numerous works in this area, none has considered 
climate extreme in Makurdi. [11] who investigated changes in diur-
nal temperature and precipitation in the north central region of Ni-
geria failed to consider Makurdi which is in the same region. Hence, 
this study investigates trends in climate extremes over Makurdi 

and its environs from 1979 to 2013 using absolute, threshold and 
percentile-based climate indices developed by the ETCCDI; in or-
der to assess the impacts of climate variability and climate change 
in the area. This research work is very significant as the results will 
provide useful information for policymakers, system planners and 
resource managers among others.

Makurdi, located at latitude 7.74oN and longitude 8.51oE, is 
the capital of Benue State. Benue is one of the states in the north 
central region of Nigeria and is recognize as the food basket of the 
nation. This is due to the fact that about 90% of the total popula-
tions are farmers. River Benue, the second largest river in Nige-
ria cuts across the middle of the city. Solar radiation in Makurdi 
ranges from 11.35 - 15.70 MJm-2day-1. The minimum and maximum 
temperature ranges from 17 - 25oC and 30 - 38oC respectively with 
mean monthly rainfall of about 200 mm. The study area is shown 
in figure 1.

Figure 1: Map of Benue State showing Makurdi the study area.

Index Long name Definition Units
Temperature indices

GSL Growing season length Annual (1 Jan-31 Dec in NH, 1 Jul-30 Jun in SH) count between first span 
of at least 6 d with TG > 5°C and first span after 1 Jul (1 Jan in SH) of 6 d 

with TG < 5°C

Days

SU25 Summer days at 25°C Annual count when TX > 25°C Days
SU35 Summer days at 35°C Annual count when TX > 35°C Days
TR20 Tropical nights at 20°C Annual count when TN > 20°C Days
TXx Max Tmax Monthly maximum value of daily maximum temperature °C
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Materials and Methods

Daily minimum and maximum temperature and precipitation 
data used in this research work were obtained from the Nigeria 
Meteorological (NIMET) Agency. The data spanned for 34 years 
(1979 - 2013). The data was first subjected to normality and homo-
geneity tests. It was subsequently subjected to strict quality con-
trol. The climate indices defined by the ETCCDI was adopted in this 
study. Based on the location of Makurdi, indices such as Frost days 
(FDo), Ice days (IDo) are not observed in the study area. There-
fore, they are removed from the analysis. The climate indices were 
computed using RClimDex developed by the ETCCDI [12]. Non-

parametric Sen’s slope method and Mann-Kendall trend test were 
used for estimation of the changes and to assess the significant of 
the changes in temperature and precipitation indices respectively 
at 0.05 significant level. The software R was employed in the sta-
tistical analysis.

Results and Discussion

From figure 2, positive trends were observed in the annual aver-
ages of maximum and minimum temperature in the period under 
study (1979 - 2013). These trends are significant at 0.05 level of 
significance. The temporal trends show that minimum and maxi-

TNx Max Tmin Monthly maximum value of daily minimum temperature °C
TN90p Warm nights Percentage of days when TN > 90th percentile % Days
TX90p Warm days Percentage of days when TX > 90th percentile % Days
WSDI Warm spell duration indicator Annual count of days with at least 6 consecutive days when TX > 90th 

percentile
Days

CSDI Cold spell duration indicator Annual count of days with at least 6 consecutive days when TN < 10th 

percentile
Days

DTR Diurnal temperature range Monthly mean difference between TX and TN °C
FD0 Frost days Annual count when TN < 0°C Days
ID0 Ice days Annual count when TX < 0°C Days
TXn Min Tmax Monthly minimum value of daily maximum temperature °C
TNn Min Tmin Monthly minimum value of daily minimum temperature °C

TX10p Cold days Percentage of days when TX < 10th percentile % Days
TN10p Cold nights Percentage of days when TN < 10th percentile % Days

Precipitation indices
RX1day Max 1-day precipitation amount Monthly maximum 1-day precipitation mm
RX5day Max 5-day precipitation amount Monthly maximum consecutive 5-day precipitation mm

SDII Simple daily intensity index Annual total precipitation divided by number of wet days (defined as 
PRCP ≥ 1.0 mm) in the year

mmd−1

R10 Number of heavy precipitation days Annual count of days when PRCP ≥ 10 mm Days
R20 Number of very heavy precipitation 

days
Annual count of days when PRCP ≥ 20 mm Days

CDD Consecutive dry days Maximum number of consecutive days with PRCP < 1 mm Days
CWD Consecutive wet days Maximum number of consecutive days with PRCP ≥ 1 mm Days
R95p Very wet days Annual total PRCP when PRCP > 95th percentile mm
R99p Extremely wet days Annual total PRCP when PRCP > 99th percentile mm
PRCP-
TOT

Annual total wet-day precipitation Annual total PRCP in wet days (PRCP ≥ 1 mm) mm

Table 1: Extreme temperature and precipitation indices developed by ETCCDI [12].

17

Investigation of Trends in Climate Extreme Over Makurdi, Nigeria Using Climate Indices

Citation: Audu Moses Owoicho., et al. “Investigation of Trends in Climate Extreme Over Makurdi, Nigeria Using Climate Indices". Acta Scientific Applied 
Physics 2.1 (2022): 15-24.



mum temperature increased by 0.03 and 0.07oC per year (Table 
2). This implies that over the last 34 years, the annual averages of 
minimum and maximum temperature increased by 1.02 and 2.38oC 
respectively. This depicts increase in temperature which can leads 
to increase in weather and climate events. This is in conformity 
with previous studies by other scholars [13,14]. It is interesting 
to note that increasing trends of 0.7 and 0.3oC per decade were 
found in the maximum and minimum temperature respectively (p 
< 0.05). This implies steady rise in both maximum and minimum 
temperature, which is consistent with the global warming trend. 
This result is in line with previous studies such as [8,15,16] who 
separately reported an increasing trends of 0.3 and 0.4oC, 0.06 and 
0.15oC, 0.11 and 0.15oC per decades for maximum and minimum 
temperature respectively from their study. These variations may be 
due to the geographical location of the study areas. According to 
[11], extreme temperature and precipitation vary spatially.

Figure 3 shows trends of hot extreme temperature indices. 
From figures 3a and b, significant positive trends were observed in 
the monthly averages of maximum of maximum temperature (TXx) 
and maximum of minimum temperature (TNx ). Also, the trends 
of TXx and TNx increased at a rate of 0.05oC and 0.02oC per year 
respectively (Table 2).

From the trends of hot extreme temperature indices (Figure 
3c and d), the frequency of warm days (TX90p) and warm nights 
(TN90p) increased significantly by 0.62 days and 0.61 nights per 
year (Table 2). These trends are clear evidence of warming tenden-
cy in Makurdi and its environs which could be attributed to steady 
rise in temperature. Makurdi is known for its hotness all year 
round, however, most of the inhabitants have no idea about the 
possible causes. The significant increase in temperature observed 
in this study depicts increase in heat which makes the environment 
including the water body (River Benue) to be very hot during the 
day. During the night, some of the heats absorbed by the water 
body which serves as heat reservoir are gradually released through 
land and sea breeze [17]. Therefore, Makurdi and its environs are 
extremely hot during the day and night.

Thus, we tend to suggest that the steady rise in temperature due 
to global warming and the presence of River Benue which serves 
as heat reservoir may probably be the reason for the extreme hot 
days/warm nights and climate extreme experienced in Makurdi 
and its environs. The implication of extreme hot days/warm nights 

on the inhabitants is that there may be high demand for electrical 
appliances such as refrigerators, air conditioners, fans, etc. both at 
homes and offices, in order to make the environment comfortable 
and habitable. This however, requires constant and stable power 
supply; which is one of the major challenges in the state as report-
ed by [17,18] who analysed global solar radiation and wind energy 
potential as alternation energy sources in Makurdi and its environs 
due to the epileptic power supply in the state.

Significant trends were found for summer days at 25oC and 35oC 
(Figure 2e and f). Similarly, from Figure 2g, a positive non-signifi-
cant trend was observed for tropical nights (TR20). This depicts 
increase in tropical nights which are nights with daily minimum 
temperature exceeding 20oC. The increase in tropical nights is very 
risky to our health as it is very harmful to the elderly and the sick 
people [11].

Trends of cold extreme temperature indices are presented in 
figure 4. From figure 4a, a significant positive trend was observed 
in the monthly mean minimum of maximum temperature (TXn), 
while a positive non- significant trend was found for monthly mean 
minimum of minimum temperature (TNn) (Figure 4b). The TXn 
increased at a rate of 0.03oC and 0.01oC per year respectively. This 
depicts increase in temperature in the period under study.

On the other hand, cold days (TX10p) and cold nights (TN10p) 
showed significant negative trends (Figure 4c and d). The frequen-
cy of cold days and cold nights decreased by -0.34 days and -0.25 
nights per year. This implies that cold days and cold nights have de-
creased by -11.56 days and -8.50 nights for the period under study 
(1979 - 2013). This is an indication of warming climate in the study 
area. This is in agreement with the result of [8] who noted that in 
a warming climate, the number of cold days and cold nights are 
relatively low. 

The diurnal temperature range (DTR) which is the difference 
between daily maximum and daily minimum temperature showed 
significant positive trend (Figure 4e). An increasing trend of 0.05oC 
per year was observed in the period under study (p < 0.05). This 
shows that DTR has increased by 1.70oC over the last 34 years in 
Makurdi. The positive trend indicates that daily maximum temper-
ature increased faster than daily minimum temperature [8]. This is 
in contrast to previous studies where minimum temperature was 
observed to increase faster than maximum temperature [19]. This 
variation may be due to the difference in the geographical location.
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From the precipitation extreme indices (Figure 5), maximum 
1-day precipitation (RX1day) and maximum 5-days precipitation 
(RX5day) showed positive non-significant trend (Figure 5a and 
b). This implies increase in maximum 1-day precipitation and 
maximum 5-days precipitation events. On the other hand, non-
significant negative trends were observed for heavy precipitation 
(R10) and very heavy precipitation days (R20) (Figure 5c and d). 
This depicts decrease in the numbers of heavy precipitation and 
very heavy precipitation days in Makurdi. However, very wet days 
(R95p) and extreme wet days (R99p) showed non-significant posi-
tive trends (Figure 5e and f). The annual total precipitation (PRCP-
TOT) showed non-significant decreasing trend (Figure 5g).

It is interesting to note that RX1day, RX5day, R95p and R99p 
increased at a rate of 1.25, 0.23, 0.69 and 1.64 mm respectively per 
year (Table 3). This shows that RX1day, RX5day, R95p and R99p 
have increased by 42.50, 7.82, 23.46, and 55.76 mm respectively 
over the last 34 years in Makurdi. However, R10, R20, and PRCP-
TOT decreased at a rate of -0.22, -0.01, and -7.13 mm per year (Ta-
ble 3), which implies that R10, R20, and PRCPTOT have decreased 
by -7.48, -0.34, and -242.42 mm respectively over the last 34 years.

From figure 5h, a non-significant negative trend was observed 
in the consecutive wet days (CWD). The trend decreased at a rate 
of 0.21 days per year (Table 3). This implies that the CWD has de-
creased by 7.14 days over the last 34 years. On the other hand, 
the consecutive dry days (CDD) showed a non-significant positive 
trend (Figure 5i). The CDD increased at a rate of 1.11 days per year 
(Table 3), depicting that CDD has increased by 37.74 days for the 
period under study. The simple daily intensity index (SDII) showed 
non-significant positive trend (Figure 5j).

From the aforementioned, the trends of temperature indices 
suggest that Makurdi and its environs are becoming warmer in line 
with the global warming trend. Whereas, the precipitation extreme 
indices depict that rainfall in Makurdi for the period under study 
has decreased. The results of this study may have great implication 
on water resources and agriculture for which Benue State is known 
for. The steady rise in temperature indices, depicting increase in 
hotness may likely cause water bodies such as lake, well, stream, 
and rivers to dry up while the decrease in precipitation may prob-
ably affect the amount of rainfall received in the area. 

It is pertinent to note that the results of this study are in confor-
mity with the findings of earlier researchers [8,15,16,20] especially 
[11] who study climate extreme in north central region of Nigeria 
except Makurdi. This study therefore complement the work of [11] 
in the region. This depicts that the region is trending towards a 

Figure 2: Temporal trends of annual average of (a) Maximum 
temperature (b) Minimum temperature from 1979 - 2013.

warmer and dryer climate which required urgent adaptation and 
mitigation strategies. 
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Figure 3: Temporal trends of hot extreme temperature indices (a) 
TXx (b) TNx (c) TN90p (d) TX90p (e) SU25 (f) SU35 (g) TR20.
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Figure 4: Temporal trends of cold extreme temperature indices 
(a) TNn (b) TXn (c) TN10p (d) TX10p (e) DTR.
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Figure 5: Temporal trends of precipitation extreme indices (a) 
RX1day (b) RX5day (c) R10 (d) R20 (e) R95p (f) R99p (g) PRCP-

TOT (h) CWD (i) CDD (j) SDII.
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Conclusion

The following conclusions were drawn from this study:

•	 Significant positive trends were observed in the annual av-
erages of maximum and minimum temperature in the pe-
riod under study (1979 - 2013) at p < 0.05. These trends 

increased at a rate of 0.7 and 0.3oC per decade respectively. 
This is consistence with the results of [13,14].

•	 The frequency of warm days (TX90p) and warm nights 
(TN90p) increased significantly while the frequency of cold 
days (TX10p) and cold nights (TN10p) showed significant 
decreased trends. This is an indication of a warming climate 
as reported by [8].

•	 Daily maximum temperature increased faster than daily 
minimum temperature as observed from the positive trend 
of DTR. This however is in contrast to previous studies [19].

•	 The precipitation extreme indices generally depict de-
creased in rainfall in Makurdi and its environs as evidence 
in the decreased trend of consecutive wet days (CWD) with 
significant increase in the corresponding consecutive dry 
days (CDD). 

•	 This study is not only in conformity with earlier results but 
also complement the work of [11] in the north central region 
of Nigeria. Thus, the findings of this study have highlighted 
the possible reason for the extreme hotness experience in 
Makurdi and its environs.
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Indices Trends P-value (5 %)

Tmax. 0.073 0.000

Tmin. 0.027 0.000

SU25 0.270 0.004

TR20 0.322 0.253

SU35 1.963 0.000

TXx 0.047 0.000

TXn 0.032 0.007

TNx 0.022 0.017

TNn 0.006 0.681

TX10p -0.338 0.000

TX90p 0.619 0.000

TN10p -0.247 0.004

TN90p 0.610 0.000

WSDI 0.199 0.085

CSDI -0.168 0.192

DTR 0.046 0.000

Table 2: Temporal trends of temperature and its indices from 
1979 - 2013.

Indices Trends P-value (5 %)
RX1day 1.251 0.274
RX5day 0.234 0.787

SDII 0.022 0.384
R10mm -0.224 0.202
R20 mm -0.011 0.895

CDD 1.110 0.078
CWD -0.207 0.366
R95P 0.689 0.858
R99P 1.637 0.453

PRCPTOT -7.129 0.198

Table 3: Temporal trends of precipitation and its indices from 
1979 - 2013.
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