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Abstract

The tremendous impacts of climate change such as/adgating flooding,
deforestation, erosion and drought are becoming moiincreasingly evident,
particularly, in southern part of Nigeria. This pagr considered an eight-month
initiation and termination sequence in the monthfyrecipitation data analysis of nine
southern Nigerian stations between 1960 and 201#hwhe aim of identifying years
of drought and major drought events that have ocoedt in the southern Nigeria
using Drought Severity Index based on eight-montlneulative precipitation anomaly
(DSlg). The results revealed that years of extreme drougre most frequent at
Ibadan and Warri and least at Enugu and Benin. Mildrought occurred most in
Osogbo, Ondo and Benin and least in Calabar. Enugimmd Benin were wettest
followed by Calabar and lkeja. On the decadal sgadatreme drought occurred most
in 1970-1979 and 1980-1989 decades. The 1960-1%9the wettest decade while the
current decade (2010-...) was observed to be witngssietness. Mild drought was
found to be predominant in the region with 44.12%exage occurrence. With the on-
going wetness of the current decade, measures sagational programme on flood
control have been delineated to forestall any pb#sinegative impacts.
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1.0 Introduction

Extreme weather events due to climate change ajer rlaallenges facing the entire world. All parfsNigeria are directly
or indirectly affected by environmental problemgiswas deforestation, drought, desertification, atenchange, rain and
windstorms, flood, and erosion among others whieh Gaused either by unsustainable human activitiagjre, or both,
leading to environmental hazards or disaster [Idweler, some of these problems are more pronouitespecific
geographical regions of the country. While droughtl desertification are major environmental prolsleassociated with
northern Nigeria,deforestation, flood and erosiom the main environmental issues affecting thelsatand eastern parts
of the country [2,3]. The coastal nature of the tS8etn region (including deltas, especially thoseaéd by storms and
storm-induced floods) increases its vulnerabilitctimate change effects of flood and erosion. @terchange magnifies the
severity of natural disasters in terms of intensity frequency in Nigeria which therefore makesuhderstanding of the
intensity and frequency of such change of paramonportance as it is being considered and examimahis research. By
definition, no universally accepted classificatecheme has been developed to define drought whashbwa classified in
terms of meteorological, hydrological, agricultuaald socio-economic conditions. However, the reviéwhe definitions of
drought in [4] and [5]gave about 150 definitionsdodught which are basically grouped into the ab®&ggoups. In summary
drought is a condition of insufficient moisture sad by a deficit in precipitation over some timeige: It is a cumulative
departure from normal or expected precipitationt ik, the climatological mean. This cumulativegip#éation deficit may
be made manifest in the reduced stream flows, veselevel or increased depth to the ground wasdre after several
months. It should be noted that drought occursoith larid and humid regions but it is often asseciainly with arid, semi-
arid, and sub-humid by drought monitors and ansly&e response of arid and humid biomes to drowgbtreported in [6]
and it was stated that biomes from both arid anditiiareas respond to drought in short time scadevdrile those from arid
regions can rapidly adapt to changing water aviitpithe ones from the humid regions cannot. Sgsidwydrological
imbalances that have adverse effects on land resquoduction system are caused by drought anuinjhigcations could be
more devastating in the humid areas. In the subidhamd semi-arid regions biomes respond to droagling time scale
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and plants withstand water deficit more effectivéign in the other regions. The southern Nigeriauigerable to drought
impacts and resilience could not be developedeifdiought situation in the area is not investigafedubstantial part of the
humid south-south (costal) Nigeria was affecteddliyught between 1979 and 2008 based on less théf precipitation
for three consecutive months compared with theamesfor the whole period [7]. Drought events aterotharacterized by:
severity expressed by a drought index, time of basd duration, areal extent and frequency of aeciwe. The association
of drought to the semi-arid (northern) part of Nigehas led to a lot of considerations and studieshe subject in the area.
Intensities, recurrence and the effects of drouglthe northern Nigeria have been severally regonparticularly in [8, 9,
10]. The devastating consequences of drought ntakestudy necessary in the southern Nigeria which humid area.
However, quite a few number of drought event aredysf the area have been carried out with no serffianalyses of the
dominant drought intensity of the area on a decadale. The drought situation over the whole cquh#is been assessed in
[11] using the sign of the normalized standard asmn of rainfall in each station between 1941 2883. Seasonal rainfall
forecast for southern Nigeria has been carriednittit few other related works but no proper assessmidrought intensity
of the area has been done[12]. However, this shadybeen designed with the aim of identifying yedirdrought in each of
the stations, major drought events that have oeduand dominant drought intensity in the regioraaecadal scale usinga
much simpler Drought Severity Index (DSI) that usasnthly accumulated precipitation deficitin theent time (1960-
2012).

2.0 Study Area

The southern Nigeria covers the coastal area eixtgricom the Benin border in the west to the Camarborder in the east
(Fig. 1) The climateis humid in the south and dlsemid strip along the coast with rainfall averageer 2000 mm. Rainfall
commences at the beginning of the raining seasounndr March/April from the coast (in the south), egufs through the
middle belt, reaching its two peaksin June/July &mgbtember. The northern part receives less rhimaich starts in

May/June and ceases in September/October withipealigust. The retreat on the other hand starts filee north [13].
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Figure 1: Locations of the stations in the study area

The south-western and the north-eastern windsentia the country’s weather. The south-western wamedull of moisture
and blusters from the Atlantic Ocean whereas théhreasterlies are dry and dust-laden winds thatgily blow from the
Sahara desert. The Inter-tropical Convergence Zditg7) is the region of low pressure around thatearmere the northerly
and southerly winds meet. The two winds are cotitrgsis the southerly is wet while the northerldiig. So the areas below
the ITCZ usually experience rainfall while the aredove it are dry. The rainy seasons thereforeedoto existence due to
the fluctuations of the ITCZ position over NigeriBhe position of the ITCZ fluctuates seasonally #mel different ITCZ
zones affect different areas of the country atowitimes. Between January/February and August|TB& migrates
northward and there is a corresponding shift noatisMof the area of rainfall activity, and from thed of August when the
ITCZ is at its most northerly position, theweatlbéthe most southerly directed zone of the ITCZ natigs a short distance
inland causing a period of reduced rainfall in twastal area, a phenomenon known as the ‘little sthgson’ or the
‘July/August break’. During this period the souttsterlies become deflected into westerlies whichgplittle or no rain.
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This causes rainfall to increase eastward ovethsontNigeria during the July — August period [18].Apart from the large-
scale southward displacement of the ITCZ, droughbuoence can also be attributed to factors whitlibit rainfall activity
below (i.e. to the south of) the ITCZ.There areetmbnnections between the Tropical oceans seacsutéamperature
anomalies and rainfall [16]. Pacific EI Nino is thvarm phase of El Nino Southern Oscillation (ENS®jle La Nina is the
cold phase of ENSO. During the warm phase of ENBO® east —west (Walker) circulation at the Padfitean, the north-
south (Hadley) circulation at the western Pacifinnd the Atlantic Hadley circulation weaken. Howeviire Hadley
circulation at the eastern Pacific isstrengthefatific Ocean El Nino is accompanied with warminghe North Atlantic
Ocean [17]. The combined effect of the sea surfacgerature (SST) anomalies in the two oceansstcaded with drought
in West Africa [17].The Atlantic Nino is the warngrof the equatorial eastern Atlantic while the Atla Nina is cooling of
the same area with respect to climatology. Tharkit Walker circulation weakens and extends eastwaring the peak
phase of the Atlantic Nifio. However, the Atlanti@adfeycirculation is strengthened [18]. Usually tlegion where the
Walker and Hadley circulations are strong are dassat with enhanced rainfall while their weaknesgions are associated
with reduced rainfall. The Atlantic Nino enhancesfall at the Guinea coast so Atlantic Nina woatthance drought over
the area [19]. Cooling of equatorial Atlantic Ocedso has the potentials to reduce rainfall aGh&ea coast [19].

3.0 Data and Methods

3.1 Data

Monthly precipitation data were obtained from thehives of the Nigerian Meteorological Agency (NIMEOshodi, Lagos
covering nine selected southern stations betwe@0 3&d 2012. Homogeneity analyses were performethemata using
the Buishand range test, Standard Normal Homogetest (SHNT), Von Neumann ratio test and Studdest at 95%
significance level to ascertain the accuracy angl tliability of the data in each of the stationS hese tests are
mathematically expressed in equations 1, 2, 3 damdpectively.

3.2  Statistical Data Analyses

3.2.1 BuishandRange Test
In this test, the adjusted partial sums are defased

St =0andS; = YK (Vi =Yk =1, (1)
When the series is homogeneous, then the valifevif rise and fall around zero.The ydahas break wheffhas reached a
maximum (negative shift) or minimum (positive shifRescaled adjusted rangris obtained by

max S; — min Sg
R = Osksn 0sksn

S
TheR/ﬁis then compared with the critical values givef2i]

3.2.2 Standard Normal Homogeneity Test
The SNHT is based on the T(k) statistic that compdine mean of the first k observationswith the nmafahe remaining n-k
observations:

T(k) = kZo + (M= K)Z2 K = 1, o, Moo 2)

where
z(Y Y) andz, = ik Z (YSY)

The yeak consisted of break if value G‘(k)ls maX|mum To reject null hypothe5|s the testistia,
To = maxicp<n T (k)
isgreater than the critical value, which dependghensample size, n[21].
3.2.3 Von Neumann Ratio Test
The von Neumann ration N is defined as the ratithefmean square successive (year to year) differenthe variance [22]:

T (Yi-Yien)?
Z?:l(yi_y)z ( )
When the sample is homogeneous the expected \aNiei2.

3.2.4 The Student’s T-tests
The t-test statistics [23, 24], which has a studatistribution, is defined as:

f=fXe /l ......................................................................... (4)
S N1+ N2
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wheren, ,,4n,are the sample siz&sandX, are the respective sample means and s is the saandece, calculated as

s = ’n1512+n2522
ng+ny—2

The general problem of drought risk assessmenidthaso the development of several drought sevénitjces which are
based on precipitation [25]. The two most commausgd of these indices are the standardized pratgitindex (SPI) [26]
which transforms monthly precipitation time serieto a standardized normal distribution and theudta severity index
(DSI) which uses accumulated monthly precipitattmomalies concept of [27] as described below. &iterl was used to
develop the drought severity index in this studye index values were standardized and the drougtiireences are
categorized using the modified SPI classificati@if[€ 2). The DSI was used in [28] to analyze drouggk in southwest
England. The same has been used to examine UK vesi@urce drought [29, 30] and changes projectetidoPRUDENCE
models on a European scale [31]. This type of imégpires little rainfall data and can be easitgiipreted by users and has
been highly recommended [32]. It was concluded38] [that simple indices that require rainfall ag thput perform
comparatively well when compared to some more caajad indices.
Table 2: Modified Standardized Precipitation Index (MSPI)

MSPI Values Categories
DSI=0 Wetness(Non-drought)
0<DSI<0.99 Mild drought
0.99<DSK 1.49 Moderate drought
1.49 < DSk 1.99 Severe drought
DSI>2 Extreme drought

The monthly precipitation and monthly precipitatianomaly with respect to the 1961-1990 mean aretiheinput to the
drought severity index analysis. The p8$es an eight-monthly initiation and terminatiaterappropriate for the description
of rainfall behaviour of the study area. It is désed thus: The precipitation anomaly in month XjslIf X, is negative and
the precipitation in the preceding 8-month peri@d X.1, X2, Xt3, Xt4, Xi-5 X6, Xt.7, Xt IS also lower than its mean, then a
drought sequence is initiated in month t, assigi&ds a positive value proportional to the precipitataeficit in month t. If
the month t+1is then considered and the precipitatieficits in months t and t+1 are —X and —Y mspeztively, then D3I
for month t+1 equals X+Y if the mean monthly préipon total for the preceding eight months haslreen exceeded. If
the precipitation anomaly is positive in month th&n the drought sequence can continue provideditfg-monthly mean
total has not been exceeded with PSIX-Y. Termination of a drought occurs when thentidy mean total has been
exceeded and Dgls assigned a value of zero. To make comparistwdam sites, the DSI values are then standardiged b
dividing the absolute deficit by the station’s meamual precipitation which is then multiplied by00. The final index
value expresses the accumulated deficit as a pageeof mean-annual precipitation.

4.0 Results and Discussions

The decade 1960-1969 was a wet decade with 23.8&4%ge occurrence of wetness. This was followed hbyild drought
at 17.09%. Severe and extreme drought also had ari$%.15% occurrence respectively while droughs waderate at
5.77% occurrence (Fig. 2). Extreme drought was@redant at an average of 30.77% occurrence duhied970-1979 and
1980-1989 decades. Also on the average, severglirogcurred at 20% intensity while moderate, naifdi wetness had
23.08%, 18.80% and 11.80% respectively duringweedecades.

For the decade, 1990-1999, both severe and modinaights dominated the region with an averagego¢age occurrence
of 25% each. The decade experienced wetness @8%2while extreme and mild occurred at 16.92% aiicb9%
respectively. Mild drought was the dominant drougdhtensity during the 2000-2009 decade with 23.13a%rage
occurrence. It was followed by wetness at 21.82%uoence. Severe, moderate and extreme droughespresent at 20%,
15.38% and 12.31% occurrence respectively. Theltressp showed that the current decade (2010 - ..\Wiisessing
wetness which seems to be building up at an averagentage occurrence of 8.18%.
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Figure 2: The bar chart representation of the average pexgentccurrence of the various degrees of drougtadh
decade.
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Figure 3: The bar chart representation of the average pexgerdf occurrence of the various degrees of dronghe study
region.

The analyses of the recent severity of droughthi@ tegion using Drought Severity Index (DSI) thaes monthly
accumulated precipitation deficit has shown thaitBern Nigeria witnessed several intensities ofight at different levels
of classification. Extreme drought was most frequaeribadan and Warri with average 21.15% occugearach while it was
least at Enugu and Benin with 8.51% and 7.69% w@eage respectively. Osogbo had the highest severgyht intensity
while Calabar and Enugu did not record any sevesaght. Moderate drought was highest at CalabarlGP8) and Enugu
(17.02%) and lowest at Ondo (3.85%) and Benin @)6®sogbo, Ondo and Benin experienced more of Btight than
other stations at an average percentage occurcdri@®00% each. This was followed by Warri and Ptatcourt at 46.25%
and 44.44% occurrence respectively. Wetness wag frexpuent at Enugu (34.04%) and Benin (30.77%lpfeed by
Calabar (29.79%) and lkeja (29.41%). This is nohdowhy there was no severe drought in Enugu whigmiB was
dominated by mild drought. The strategic locatidrCalabar and Ikeja within the coastal regionshef study area is also a
reason for the dominance of wetness in the area.

In the decadal analyses (Fig. 2), drought was pngalntly extreme at 30.77% occurrence each in dwmdes 1970-1979
and 1980-1989. 1970-1979. 1990-1999 decades hadnigiest incidence of severe drought at an avepgeentage
occurrence of 25% each. The wettest decade was 1% at 23.64% occurrence. The reportof [34] afioms that based
on the rainfall variability index and trend analysthat the 80s and 50s were the driest and weltestde respectively from
1901 to 2000.

Generally, the study showed that the southern Nigeas dominated by mild drought intensity witharerage percentage
occurrence of 44.12% (Fig. 3). Moderate droughtrinity average occurrence stood at 11.94% whilerseand extreme
droughtsmanifested at the average of 4.85% and/%1@spectively. The region witnessed wetness at324 occurrence.
Although mild drought was found to be predomin&im, average percentage of wetness can be condiol&edignificant to
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exert a suppressive influence on the currently gmédant drought intensity thereby resulting in erie events such as
flooding and erosion in some coastal parts of thdysarea. Increase in the frequency and interdisevere weather events
is expected due to climate change. Sea level resg lgad to increasing coastal inundation and flogdif low-lying areas
(e.g. Lagos and Port-Harcourt). Beach erosion cpokke more threat as a result of ill-designedgefgiroynes which could
cause alterations in current directions with theultethat erosion could shift to other places asd®&itnessed on the Bar
Beach on Victoria Island, Lagos[35]. Contrary e fong-term decline in rainfall widely reported the 1970s and 1980s
for subtropical West Africa, some areas of Nigérdae experienced a progressive increase in rasatéllities during certain
periods. This is the situation over Southern NigdfCoastal and Guinea Savanna belts), which experik progressive
increase in August rainfall amount without a copasling increase in rainfall frequency which trates$ to a progressive
increase in mean rainfall intensity over southeigeNa thereby affording meteorological explanation the widespread
floods reported for many parts of Nigeria during th999 raining season [36].The heavy and modegdtéall series in
whichheavy rainfall contributes 44-52 per centteff &innual rainfall in northern Nigeria and declimedry years is possiblya
contributing factor to the persistence of drougbhditions over the region. In contrast to the diamin the north, the
moderate and heavy rainfall series over southegefdi where heavy rainfall contributes 44-60 pemtc& the annual
rainfall can be said to depict only evidence ofhhfgequency oscillations which shows a tendencintoease more in wet
years [37]. The findings in this study showed ttet present decade is witnessing wetness and ectgto witness it the
more which confirms the assertion in [37]. The hdilbiomes of southern Nigeria are likely exposeddagers due to the
resultant impacts of severe and extreme drouglitesy have lower response to drought vulnerabilittemlsompared with
the arid biomes since drought vulnerability is mieniger in humid biomes than in arid ones [38].sTight be explained by
the more complex relationship between drought aegetation activity and plant growth in humid aréasause they are
characterized by water surplus. According to [38lenological factors such as the period of acta flushing and vapor
pressure deficit may influence the effect of drdugh plants in these areas. Other drought impamtsn@n to southern
humid biomes include loss of foliar biomass dudamages to plant tissues [40, 41] in addition torgolerance of plants to
water stress [42]. Moreover, in humid area sucthassouthern Nigeria, long-lasting or recurrentuditts may also be too
intense to allow for a fast vegetation recoverydieg to plant mortality in humid forests [43, 40Therefore the
predominance of mild drought should be closely Wwatcby relevant agencies.

5.0 Conclusion

Mild drought was found to be the leading droughénmsity with a significant percentage of wetness.€hrrent decade is
experiencing wetness which tends to worsen asithate change impacts persist. The resultant effefctee severe and
extreme droughts could also be threatening on dihéival of the humid biomes in the southern Nigeadize to its higher

drought vulnerability than the arid ones if not pedy checkmated. Strategic combat-ready measiresld to be put in

place against the occurrence of any extreme weathatt. Agencies, institutions and facilities floe tcollection and analyses
of meteorological and hydrological information slibbe strengthened even in the area of informatiissemination. A

drought monitoring and early warning system shdéddesigned to identify climate and water suppiynds and to detect
any slight change in the intensity of droughtaf Hrea for mitigation measures and preparedness pdabe put in place.
Effective and adequate drainage system should hetremted to free water ways. Appropriate landths¢ enhances carbon
dioxide sequestration, such as afforestation, estation and agro-forestry should be encourageddoce soil erosion and
increase crop productivity for economic developmarnthe region. According to [1], no fewer than 6@@ly erosion sites

have been estimated in some of the states in tlty sirea such as Abia, Anambra and Imo States.rdéent massive

landslide in one of the southeastern states isttastation to the possible climate variability iedd changes in erosion
intensity [1]. Finally, development of approprisagareness programmes for formal and informal edutab enhance

knowledge on climate and environmental issuessis ahdoubtedly necessary and therefore recommended.
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