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Abstract

Assessment of drought vulnerability and occurrence zones in North Central
Nigeria was carried out in this study using standardized Precipitation Index
(SPI). The Standardized Precipitation Index (SPI) 12 months’ time scale was
computed from long-term rainfall data between 1960 and 2015 obtained from
the Nigerian Meteorological Agency (NIMET) Abuja. The SPI results were
further subjected to Mann-Kendal and Sen’s slope analysis for trend detec-
tion. To assess the vulnerability of drought and occurrence zones, the SPI and
other geo-spatial techniques were employed to generate drought vulnerability
maps for three epochs: 2000-2005, 2005-2010 and 2010-2015 respectively. The
SPI values were interpolated using Inverse Weighted (IDW) techniques in
ArcGIS10.5 to generate the vulnerability maps for the selected model years.
The outcome of drought trend and vulnerability maps reveals increasing
drought trend dominated by near normal and moderate conditions in Abuja,
Ilorin and Lokoja while moderate and severe droughts were observed in
Minna and Jos. The study therefore recommends holistic drought monitoring
and management strategies in order to mitigate its adverse impact on water
resources and rainfall-dependent agriculture.
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1. Introduction

Drought is a devastating disaster that is known globally due to its subtle effects
on agriculture, forestry, vegetation and human economic activities [1]. The

agro-industry is severely affected by drought as vegetation and plants suffer the
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deficiency of water in the air and soil in the process of evapotranspiration [2]. To
this end, the importance of rainfall as a critical determinant of drought and the
climate system cannot be overemphasized. For effective conceptualization of the
subject matter, it therefore becomes imperative that drought should be compre-
hensively investigated for proper and efficient understanding of its characteris-
tics and vulnerability especially in North Central Nigeria [3].

The variability of rainfall in terms of duration, amount and intensity in the
Northern part of Nigeria has resulted in dryness and rainfall is below the normal
proportion to support crop production and livelihood. The characteristics of
rainfall as examined in Nigeria [3] revealed a progressive retreat in the North
Central States. Furthermore, there is evidence of a rapid downward trend of
rainfall in North Central states among which are Minna, Jos, Lokoja and Ilorin
[4]. The observed decreasing trend in rainfall with delayed onset and early cessa-
tion has enormous implications on drought in the region.

The 2017 and 2018 seasonal rainfall prediction (SPR) by Nigeria Meteorolog-
ical Agency [5] [6] [7] indicates that most of the North Central states such as
Niger, Plateau and Nassarawa were predicted to have late onset and early cessa-
tion. However, in 2017, while 1545 mm and 1240 mm of rainfall were predicted
over Ilorin and Minna, the actual amount of rainfall recorded was 1324 and 1050
respectively. The prediction for temperature was not different as the agency
warned that most parts of the North including the central states were expected to
experience warmer than normal temperatures. Evidence in literature indicates
that rainfall variability in the North Central region has been reported in retros-
pect [8]. The report which analyzed rainfall data from 1911-2000 under 30 years
interval of 1911-1940, 1941-1970 and 1971-2000 revealed that parts of the Cen-
tral states are recording late onset of rainfall, early cessation and shortened
length of the rainy season and a reduction in the amount of rainfall. The author
further observed that drought frequency, persistent harm than a haze and in-
creasing trend of temperature are signposts that North Central Nigeria remains
vulnerable to drought risk. In addition, the declining rainfall trend results in in-
sufficient moisture availability required for optimum plant growth and devel-
opment. The early cessation of rainfall will also create water stress conditions
and represent clear evidence of the region’s vulnerability to drought.

Studies of desert encroachment as an evidence of drought in the North Cen-
tral region are well documented [9]. In the same vein, [10] established that the
desert which were initially restricted to the Sudano-Sahelian region is fast
spreading to Niger, Plateau and Benue States. The rate of advancement of the
desert has been put at an estimated 0.6 km per annum while deforestation is
taking place at 3.5% annually [11]. The rate of desert encroachment signpost de-
clining rainfall and vegetation cover which implies a reduction in the amount of
surface water available especially in rural areas. These climatic anomalies have
also been reported by [12], which affirmed that water shortages remain a recur-
rent environmental challenge in Benue State. Furthermore, the soil in many

parts of the region is drying up and vegetation health is in great danger as a re-
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sult of increased temperature and reduced rainfall.

Although, drought has extensively been studied in Nigeria, unfortunately
most of the studies are concentrated in the Sahelian regions of the country with
little or no effort to investigate drought characteristics in the study area. It is in
view of the foregoing, that this study was carried out to assess drought vulnera-

bility and occurrence zone in North Central Nigeria.

2. Materials and Methods
2.1. The Study Area

North Central Nigeria lies approximately between 3° and 14°E and latitude 7°
and 10°N [13]. The region is made up of six states namely Benue, Kwara, Niger,
Plateau, Nassarawa, Kogi and Abuja (Figure 1). The relief of the lower Benue
basin comprises of two distinctive relief regions. The area has network of drai-
nage system forming tributaries that flow from the Benue River and River Niger.
At Lokoja, the River Niger and Benue meet to form a confluence. Greater part of
the region is drained by the Benue River extension. The North Central region is
mainly influenced by the climate of the northern and southern regions of Nige-
ria. The study area is within the Guinea Savannah vegetation belt with deciduous
trees comprising grasses and shrubs [14]. The soil is generally characterized by a
sandy surface horizon overlying a weak structured clay accumulation. The Ge-
ology of the lower Benue basin is underlain by two principal geological forma-
tions namely the Precambrian basement complex and the sedimentary forma-
tion [13]. The Federal Capital Territory (FCT) created in 1976 is the head of
administration and political activities in the region. Agriculture forms the back-

bone of the economy of the lower Benue basin with more than 70% of the
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Figure 1. North central Nigeria, Source: (Authors field work, 2019).
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working population engaged in farming, fishing, livestock and poultry making

the region the food basket of the country.

2.2. Standardized Precipitation Index (SPI)

The Standardized Precipitation Index (SPI) was applied to determine the inten-
sity and occurrence of drought. The model was developed by [15] and uses only
rainfall in the computation.

The SPI formula is as follows:

X, -X,
spr=—1_"% (1)
O

i

where: X} is the rainfall for the jth and jth station observations. X, is the mean
rainfall for the #th station an o;is the standard deviation for the #th station.

The SPI drought classification table that is shown in Table 1, was applied to
access possible drought occurrence in each of the stations that constitutes the
study area. SPI values can be positive or negative. Negative SPI value indicates
drought occurrence while positive values shows no drought.

SPI 12 month time scale was used in each station to evaluate the risk of
drought in the seven meteorological stations of the study area. The 12 month SPI
represents annual and accumulated drought. It is also tied to stream flows and
reservoir levels. Increasing SPI implies, increasing drought condition and vice
versa [1] [7].

3. Results and Discussion

3.1. Rainfall Variation

The analysis of rainfall in the study area is presented in Table 2. The table re-
veals a temporal variation in rainfall over the 56 years (1960-2017) study period
collected from [16]. It indicates that there is statistical significant difference in
annual rainfall amount in the area between 1960 and 2017 since between groups

variation is greater than the within group variation of the data set.

Table 1. SPI classification table.

SPI Drought event
2.0+ Extremely wet
1.5-1.99 Very wet
1.0 - 1.49 Moderately wet
-0.99 - 0.99 Near normal
-0.1-1.49 Moderately dry
-1.5-1.99 Severely dry
-2 and less Extremely dry

Source: [15].
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Table 2. ANOVA result showing spatial variation in rainfall.

Sum of Squares Df Mean Square F Sig.
Between Groups 409,841.699 6 68,306.950 5.839 0.000
Within Groups 5.000E7 4688 11,698.639
Total 5.041E7 4704

Data Source: [16]. Df = Degree of Freedom; F = F-calculated value (Used in an F-distribution data when
comparing statistical means using the least square model to show variance). Sig = Significance level used in
an SPSS analysis. It’s also known as P Value.

The F-calculated value of 5.839 is statistically significant (P < 0.05) at 95%
confidence level. The application of the Duncan Post hoc test on the difference
between rainfall total of the study is shown in Table 3. Abuja had mean value of
94.8565 indicating that there is significant difference in annual rainfall between
Abuja and the other states in the area.

The table reveals that Abuja was distinct from the other states in terms of dif-
ference in her mean value (94.8565). This indicates that there is statistical dif-
ference in annual rainfall totals between Abuja and the other states in the study

area.

3.2. Drought Trend Analysis

The result of MannKendall analysis shown in Table 4 indicates negative Z values
for Makurdi (Benue State), Ilorin (Kwara State), Minna (Niger state) and Jos
(Plateau state). The result reveals that the aforementioned stations experienced
drought of SPI 12 month’s time scale implying increasing drought trend.

The Sen’s slope values indicate the magnitude of change in the drought trend.
The magnitude of change was highest in Jos, followed by Markurdi and Ilorin
respectively. Although, the Z-scores for Abuja and Lafia were positive, they were
generally significant at 0.5 and 0.01 confidence level. This could impact nega-

tively on water resources and the rainfall dependent agriculture [6] [17].

3.3. Drought Occurrence and Vulnerability Assessment in North
Central Nigeria

The SPI analysis was carried out to assess the trend, vulnerability and occurrence
of drought in each of the meteorological station by applying the 12 months’ time
scale. The outcome of the analysis is in agreement with previous studies on
drought risk assessment in Nigeria [7] [8] [18] [19] [20].

The result of 12 months SPI time scale as shown in Figure 2 reveals that
drought of different intensities occurred in 1986, 1970, 1974, 1982, 1986, 1994,
2002 and 2008. The implication of this analysis is that Makurdi is vulnerable and
remains high in the drought occurrence map.

The outcome of the 12 month SPI analysis for Ilorin shown in Figure 3 below
confirmed the following years: 1960, 1966, 1970, 1976, 1988, 1992, 1996, 2010
and 2012 as periods of severe drought implying high risk while year 2000
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Figure 3. SPI 12 month time scale for Ilorin.

Table 3. Result of Duncan post hoc test.

Subset for alpha = 0.05

Indicators N
1 2 3
Abuja 684 94.8565
Lafia 684 100.4253
Torin 684 100.7753
Lokoja 684 101.0670
Markurdi 684 3387
Minna 684 102.9477
Jos 684 106.7314
Sig. 1.000 0.874 0.890

Means for groups in homogenous subsets are displayed. a: Uses Harmonic Mean Sample Size = 684.

Table 4. Mann Kendall and Sen’s slope analysis using SPI 12 month scale.

Station Mann Kendall (Z) values
Makurdi -1.01
Tlorin —-0.22
Lokoja 0.33
Minna -0.01
Jos -1.70"
Abuja 2.08*
Lafia 2.75%*

Sen slope estimate (Q) values
—-0.008
—-0.002
0.002
0.000
-0.013
0.037
0.171

**if trend at a = 0.001 level of significance; **if trend at a =

level of significance; *if trend at a = 0.1 level of significance.

0.01 level of significance; *if trend at a = 0.05
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represents extreme drought hence, the station can be described as highly vul-
nerable to the incidence of drought.

The result of the SPI analysis shown in Figure 4 below reveal drought event of
different intensities was experienced in Lokoja. While 1972 and 1976 are indica-
tive of moderate drought, severe drought occurred in 1980 and 1984.The time
series analysis also revealed that, the station experienced below rainfall in 1972,
1974, 1980, 1984 as well as 1998, and 2004 before reaching its peak in 2010.

It is evident from the results of the analysis presented in Figure 5 below, that
Minna is highly vulnerable to drought risk. This vulnerability might be further
aggravated by future rainfall declines as reported by several research findings. In
their findings, they claimed that climate change is creating shifts in rainfall pat-
terns [21]. There are wide implications for this as it could affect the sustainabili-
ty of surface and ground water resources to meet up essential needs.

In Jos as shown in Figure 6, extreme drought occurred in 1960, 1996, 1994,
2004 and 2012 respectively as revealed by the risk matrix. Furthermore, severe

Pl

Figure 4. SPI 12 month time scale of drought analysis for Lokoja.

—®— Minna

SPI

Figure 6. SPI 12 month time scale of drought analysis for Jos.
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drought occurred in 1962, 1970, 1980, 1982, 1986, 1988, 1992, and 1998 and
more recently in 2000, 2004 and 2014. The results affirm that the aforemen-
tioned years were generally dry in Jos. This is an indication of drought vulnera-
bility given that the station experienced decreasing rainfall trend with attendant
impact on agriculture and socio-economic activities.

Lafia was only affected by drought event of moderate category in 2001, 2004,
2007 and 2010 as shown in Figure 7. This implies that Lafia is relatively low in
terms of drought risk and vulnerability compared to other stations such as Min-
na and Jos. It was also observed that 2001 and 2004 marked a period of sustained
dryness which extended from 2007 to 2010. The result further reveals that rain-
fall improved considerably in the station as the wet season was at its peak in
2010.

The analysis of the 12 month SPI for Abuja is shown in Figure 8 below. The
result reveals that moderate drought occurred in 1984, 1988, 1990, 1996, 1998
and 2012 respectively while severe drought was noticed in 2000, 2002 and 2008.
This could be devastating for farmers in the Federal Capital Territory (FCT) as

crop vielded was severely affected.

3.4. SPI Generated Drought Vulnerability Map

This section deals with presentation of SPI generated spatial maps of three dif-

ferent intervals. The maps were generated to show the risk level and vulnerability
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Figure 7. SPI 12 month time scale of drought analysis for Lafia.

3
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Figure 8. SPI 12 month time scale of drought analysis for Abuja.
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of each station to drought. It further indicates the pattern of drought occurrence
in the study area using an interval of five years namely 2000-2005, 2005-2010,
and 2010-2015.

The drought risk map for the first interval of 2000-2005 in Figure 9 indicates
that drought vulnerability was low in all the stations as the SPI values were all
positive. This implies that the period was characterized by improved rainfall in
the study area.

The 2000-2005 vulnerability map as shown in Figure 9 was characterized by
low risk level particularly in the Northern axis of Abuja, Plateau and Nasarawa
states as indicated by the SPI negative values.

The result of the analysis agrees with studies undertaken by [1] [9] [18] [20]
[21] [22] and [23] on drought risk assessment and vulnerability.

The 2005-2010 vulnerability map as shown in Figure 10 is characterized by
high risk implying severe and extreme drought intensities in the central part of
the study area. This is followed by moderate drought condition in the central,

eastern and southern part of the region.
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Figure 9. Drought vulnerability map of 2000-2005.
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Figure 10. Drought vulnerability map of 2005-2010.
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Figure 11. Drought vulnerability map 2010-2015.

The 2010-2015 drought vulnerability map as shown in Figure 11 indicate that
the North western, southern and north eastern parts of the region constitute the
drought occurring zones as the area is characterize by high drought risk. The
reasons adduced for the increasing vulnerability of drought in the aforemen-

tioned regions are increasing latitude, declining rainfall and climate change.

4. Summary and Conclusion

Rainfall Variability

The study concludes that spatiotemporal variation in rainfall exists in the
study area. The pattern of rainfall variation reveals that all the states in the study
area except Abuja were distinct throughout the study period. This variability
further explains the vulnerability and occurrence of drought in the region. The
observed variability is expected to intensify in the future, given the current cli-
mate change projection.

SPI and Drought Vulnerability

Results of the 12 months SPI model were effective in detecting areas in the
north central region that is more vulnerable to the incidence of drought and
trend of occurrence. The summary analysis reveals that the northwestern part of
the region has been ravaged by drought in the past and remains increasingly
vulnerable to the risk of drought. Furthermore, drought vulnerability mapping
using SPI can help in initiating local adaptation strategies in order to mitigate
the adverse impact of the hazard on the populace in view of the changing nature

of the climate.

5. Recommendation

The following recommendations will help mitigate the impact of drought in the
study area.
1) Development of SPI weather index base insurance: This is innovative as it

will improve on farmer’s capacity to manage climate shock such as drought.
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2) Development of irrigation and dry season farming.

3) Provision of drought tolerant crops.

4) Expansion of the mandates of the state emergency management agencies to

accommodate drought hazards in the respective drought vulnerability areas.

5) Improve drought awareness and knowledge management in the region.
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