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Abstract

This study is on the extent and intensity of exeedmought in some parts of the Savanna Region géii\i. The
region is prone to drought occurrences. Data use@ fvom 1941 to 2010 and for eight stations soadt®ver

the region. The Bhalme and Mooley Drought Index (BMwas used to depict extreme droughts occurrence.
This was with the intention of finding out the pemtage of extreme drought occurrences over a 70pgind
(1941-2010).Results showed that extreme droughts wenfined to stations in the extreme north of shely
area and for limited time during the study peridgart from these, other findings were made andimrie
study. Also the effects of droughts especially @xie and the mitigation measures were looked at.
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INTRODUCTION

The definition of drought varies depending on sah®lscientists and on what type of drought theyfatusing
on. However, the various definitions can be groupeder two main heads: (1) conceptual definiti@me, those
formulated in general terms and help people to stded the concepts of droughts. They are also ritapbin
establishing drought policy as in the case of thustfalian drought policy. (2) Operational defioits on the
other hand, are those that help people identifyibginning, end and degree of severity of a draugbt
determine the degree of drought severity, operatidafinitions specify the degree of departure fraamaverage
of precipitation or some other climatic variableeoa period. Operational definitions can also kelus analyse
drought frequency, severity and duration of droufdt a given historical period (NDMC, 2006). Most
operational definitions can be classified into roeddogical, hydrological, agricultural and socioceeomic
(Shuaib and Oladipo, 1993).

The expression extreme drought can be found un@dearological drought which itself is under operatil
definitions. It is a category under the intensiyksrity of droughts. It is the most catastrophiddodughts. Its
negative effects transcends all the sectors oétlmmomy, be it agriculture, health or transport Bfhalme and
Mooley Drought Index classify it as a drought watlvalue from -4.00 or less (Shuaib and Oladipo3)9%Iso,
in percentage form, it is when there is an abnormnaleficit precipitation to about 60% or moreidtat times
known as disastrous or catastrophic drought.

Studies on droughts have tended to focus on thergkaccurrences of drought without specificallgking at
the severity or intensity of the drought. The fewdses (Oladipo, 1993; Abajet al,2011  Olatunde,2013;
Aremu and Olatunde,2012) carried out on droughgnisity in the study area did not concentrate an th
occurrence and reoccurrence of extreme droughs Stoidy intends to do this so as to give an insigfiat its
occurrences over the years and decades in pariseofavanna region of Nigeria and also help toferof
solutions to its effects in the strong likelihodat it returns.

The study area is the savanna region of Nigeria.area is known for subsistence farming and thdymtion of
grains like maize, sorghum, millet and rice. Thewoence of any form of drought therefore is a mapuse for
concern to the people of the area. The adventiwiatd change in recent years has again raise #neofethe
reoccurrence of extreme drought in the area. Tlecte of this study is to look at the patterriteé occurrence
and reoccurrences of extreme drought over the ymadsdecades so as to give the stakeholders the aiel
hindsight into its likely occurrence in the future.

MATERIALSAND METHODOLOGY

The data, period and method used for this studyh&rsame as those used by Aremu and Olatunde,i2@i&ir
study on drought intensities and Olatunde, 201Bisnstudy on invisible drought. The data were otgdifrom
the Nigerian Meteorological Agency (NIMET) Oshotbagos and covered a period of 70 years (1941-2fit0)
eight stations (Table 1). The synoptic statioreduseere with long and continuous period of dailgmnthly and
annual rainfall record data of at least 70 years.

The analysis method in this study is that by Bhalarel Mooley (1980). It was used to look at the
intensity/severity of drought over a 70 year peribétails of this method can be found in Bhalme klubley
(1980) and are given below, the applicability of tmethod can be found in Shuaibu and Oladipo, 1988.
Bhalme and Mooley Drought Index (BMDI) is an emgéli one that uses monthly rainfall as the sole
climatological input. The index has been shown &fgrm comparatively well in depicting periods and
intensities of drought (Oladipo, 1985).
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Monthly growing seasonal rainfall (April to Octoberalues for the eight (8) selected stations weseduto
derive the Bhalme and Mooley Drought Index (BMDby the assessment of drought severity (Shuaibu and
Oladipo, 1993). For agricultural purposes, the msmf April to October (the growing season) aresibered to

be the most important in drought study. This isaduse they are said to be the months when more9bnof

the annual rainfall total is received in the staglga and also in the Savanna region of Nigeria §dike,1993).

In its general form, thBM DI for a given month is calculated using this formula
IK=(MK/d)+ (1 + C)IK oot e e e e e e 3)
Where;

C is a constant

dis a constant

IK = drought intensity for th& th month.

I k-1= drought intensity for théK-1) month.

M, the moisture index is given by

M =100 (X =K) /'S oorieiiteee e e e e 4)

In equation (4),

X = the monthly rainfall value,

X = the long term mean monthly rainfall,

S = the standard deviation for the initial month undensideratiorfK -1).
. Equation (3) is then given as;

L= MO e 5)

The values of andd in equation (3) for northern Nigeria a®et3 and 38.84 respectively. These are constant
values (Shuaibu and Oladipo, 1993).These valuee wsd in equations (3) and (5) to generate montilyes
of BMDI for the stations under study. From thesenthty values, the means or seasonal drought if8Bx)
series were obtained for each year studied inttit@ns. The seasonal indices were then used $sifjfea year
into any of the following wetness/ dryness categmusing B.M.D.| classification chart (Shuaibu a@iddipo,
1993).

RESULTSAND DISCUSSIONS

Results of Analyses of Extreme Droughts Using Decades

In the decades 1941 to 50, 1952 to 60, 1961 tond02801 to 2010 no station experienced extremegthtou
(Table 3 and Fig.2). In the decade 1971 to 198feme drought was experienced for one year in Katiwer
stations did not experience extreme drought. It decade of 1981 to 1990, a year of extremagiiowas
experienced in Maiduguri with other stations expecing no extreme drought. The decade 1991 to 2040
had one year of extreme drought that occurred itsiKa while other stations experienced no extreroaight
during the decade (Table 3). These three deca®@41d 1980, 1981 to 1990 and 1991 to 2000) eachusated
for about 33.33% of the extreme drought in the wtaicba during the study period. Therefore, extrenoeights
were confined to the three decades (Table 3 an@)Fig

The occurrence of three years of extreme droughbbg82 years (total number of years study for stagions
used) means that one month of extreme drought mat@wr every 10 years of all drought intensities.

Results of Analyses of Extreme Drought Occurrences Using Over lapping Sub-Periods

At regional levelextreme drought occurred for eight years (100%)nduthe study period using sub-periods.
The sub-period 1971 to 2000 experienced the highastber of years of extreme drought at three years
(37.50%). Two sub-periods 1961 to 1990 and 198200 had two years (25%) each of extreme drougits.
sub-period 1951 t01980 experienced one year (12.50%xtreme drought while the sub-period 1941 $GQ
experienced no extreme drought at all. This magueeto low intensity of human activities like aningaazing
and tree cuttings leading to more biogenic freeninglei in the air and therefore more rainfall (Teadh).

Taking all the sub-periods into consideration (filssacross the overlapping sub-periods) at regiteval, Kano
and Maiduguri experienced three (3) years (37.56f&xtreme drought. They were followed by Katsirghv2
years (25%) while other stations recorded no extrdnought during the study period. In Kano, The-gatods
with the three years of extreme drought were 1851980, 1961 to 1990 and 1971 to 2000 each with)sear
(33.33%).0ther sub-periods did not experiencedeexérdrought (Table 4). Maiduguri also had yeamsxtfeme
drought like Kano but the drought sub-periods WwE961 to 1990, 1971 t02000 and 1981 to 2010 all with
(1) year (33.33%) of extreme drought each. Othberpariods had no extreme drought. Katsina hadastetivo
sub-periods of 1971 to 2000 and 1981 to 2010 with) ear (50%) each of extreme drought. Other sefieds
did not experience extreme drought (Table 4)

Results show five (5) statiorBauchi, Bida,Kaduna, Sokoto and Nguru experienced no extreme drought
throughout the studied sub-periods (Table 4). la three stations with extreme drougMaiduguri and
Katsina recorded no extreme drought in the first two sebqus, but had two years of extreme drought in the
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last two sub-periods (0:2Kano however, had one year of extreme drought in tts fivo sub-periods (1941 to
1970 and 1951 to 1980) and another one year itaftéwo sub-periods (1971 to 2000 and 1981 to pQ1Q).
This suggests that extreme droughts have been eoonenon in the last 30 or more years than the 3idsyears
of the study periods in Maiduguri and Katsina. Kamothe other hand recorded a balance in the caocerof
extreme drought (years) in the first 30 years dedast 30 years (Table 4).

Results of Analyses of Extreme Drought Occurrencesin Two Non-Overlapping Sub-periods (1941 to 1975
and 1976 to 2010)

The sub-period 1976 to 2010 had two years (66.63%Xtreme drought out of a possible three yeaexteme
drought during the study period for all the stasiofhe remaining one year (33.33%) of extreme drbug
occurred in the sub-period 1941 to 1975(Table 5.&Xreme drought only occurred in three stationd a
showed the following ratios, Kano (1:0). Maidug(®@i1) and Katsina (0:1) for the two non-overlapysedb-
periods (Table 5). The sub-period 1976 to 2010pnased to be the most affected by extreme drouglit laad
greater numbers of years than those of the eatligiperiod 1941 to 1975 (Table 5).

CONCLUSION AND RECCOMMENDATIONS

This study has been able to prove that only fewosta confined to the extreme northern part ofgshely area
experienced extreme drought during the period aflyst It has also showed that extreme droughts were
experienced in the study region in recent decatlkeis. situation therefore signifies that extremeudjtat may
likely occur not too long in the future in thosatgins where it occurred in the past. This makedikelihood of
it occurring in those stations where it did not wctesser. This however, does not eliminate thaiweace of
other low intensity droughts like mild, moderatel aevere.

The extreme droughts that occurred in the studipnelyave mostly affected negatively the entire aescof the
economy from agriculture to health, tourism, inswey transportation, industry and others. This reeamious
strategies have to be adopted to combat extremgbt@ccurrence and its effects. Some of the meadhiat
can be adopted are;

v/ Dissemination of information to the farmers, anirharders and other stakeholders should be done
regularly and as at when due. This is to informmthaf an impending drought, its likely intensity and
the measures to be adopted by the citizens toatetigs effects.

v' Application of irrigation techniques to extensivelyver the area prone to extreme drought.

v" Rotational grazing and ranching should be adoptedrbmal herders in the study region in other to
avoid overgrazing and adequately provide pasturethéir animals’.

v" More boreholes, wells and dams should be dug toceedvater shortages. Also the shallow wells and
bad boreholes should be repaired.

v Crop rotation system and application of organic amarshould be adopted to enhance water retaining
capacity of the soil.

v' Green infrastructure on a large scale in the saréa will help to reduce the rate of water evapomnat
and the impact of drought in the region.

v' Other measures are, water recycling and rain hnges

All measures above and possibly others not merdioreed to be implemented in the study area coliggtiso
as to mitigate and tackle effectively the effedtextreme drought.

REFERENCES.

Abaje, 1.B, Ati O. F and Iguisi E.O (2011). “Drougin the North-Eastern Part of Nigeria and the Risk
Human Health” in E.O.Iguisi, O.A.Ati, R.O. Yusuf@m\.E.Ubogu (edsNMets Zaria 2011 Proceedings
of the International Conference of the Nigerian Meteorological Society, PP 527-538.

Adefolalu, D.0.(1986). Further Aspects of Sahellapught as Evident From Rainfall Regime of NigeAach.
Met.Geoph.Biol.,Ser. B 36,277-295.

Anyadike,R.N.C.(1993), Seasonal and Annual Rainf&riations Over Nigerialnternational, Journal of

Climatology, 13, PP 567-580.

Aremu, J.K.(2011). “Combating and Mitigating Drougimd Desertification in Northern Nigeria]EHETR
VOL.1. No.2. University of Benin, Benin City, Nigeria.

Aremu, J.K and Olatunde, A.F. (201Rjought Intensities in the Sudano-Sahelian Region of Nigeria. Journal of
Sustainable Society, Vol. 1 No. 4, PP 88-95.Wsalspl®@klahoma U.S.A. Available online at http://
wscholars.com/ index.php / jss

Ayoade,J.0.(1988)ntroduction to Climatology for the Tropics, Spectrum Books Ltd. Printed by Abi Print and
Park Ltd, Ibadan.



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) JL,i,!
Vol.4, No.9, 2014 IIS E

Bhalme, H.N.and Mooley, D.A.(1980). Large-Scale mybts/Floods and Monsoon Circulation
Mon.Wea.Rev, 108: 1197-1211.
James, A.R.(1973). Drought Condition in the PressWater Zone of North- Eastern Nigeria: Some
Provisional ObservationSavanna Vol. 2(2), PP 108-114.
Kendall, M.G. and Stuart, A.(196I)he Advanced Theory of Satistics, Vol.2. Third Edition, New York.
Mitchell, J.M.,Dzerdzeenski, B., Flohn, H.,Hofmey®é.L.,Lamb, H.H., Rao, K.N. And Wallen, C.C.(1966
Climate Change, WMO Tech Note 79 (No 195.TP-100) World Meteorological Organizati@gneva, 79

p.
Mortimore,M.J.(1973). Famine in Hausalagdvanna Vol. 2 (2),PP 103-7.
Mortimore,M.J.(1989),” Adapting to Drought: Farmerfamines and Desertification In West Africa,”
Cambridge University Press, Cambridge.
National Drought Mitigation Centre (N.D.M.C) (2006Understanding and Defining drought. Retrieved
29/03/2010 from http://www.drought.unl.edu/preditmnl
NIMET(2010). Register of Rainfall (1941-2010) fook®to, Kano, Maiduguri, Kaduna, Bauchi and Bida.
(Department of Meteorological Services) (Nigeriatibrological Agency).
Oladipo,E.0.(1985), “A Comparative Performance Am& of Three Meteorological Drought Indices”
Journal Climatology,5, PP 655-664.
Oladipo, E.0.(1993). Some Aspects of the Spatiar@tteristics of Drought in Northern Nigeridatural
Hazards 8, 171-188.
Olaniran, 0.J.(1987). A Study of the Seasonal \anma of Rain-Days of Rainfall of Different Categgs in
Nigeria in Relation to the Miller Station Types foropical Continent3heoretical. Applied Climatology,
38 PP 198-209
Olatunde, A.F.(2011a). The Occurrence of Droughh&éSudano-Sahelian Region of Nigeria Between Eowil
2006.International Journal of Environmental Issues, Vol. 8No 1, P 174.
Olatunde, A.F.(2011b). Trends in Drought Occurrersmed Implications for Water Resources in the
Sudan-Sahel Region of Nigerlaternational Journal of Environmental Issues, Vol. 8 No 1, P 145
Olatunde. A.F2013) Invisible Drought in Some Stations above Latitude 9° N of Nigeria. Journal of

Sustainable Development Studies, Vol. 2, No 1, #R90. Online Journal. Edgecliff NSW
Australia. Available online at http://infinitypresnfo/index.php/jsds

Shuaibu, U.G. and Oladipo, E.0.(1993), A Bhalme-Mygd'ype Meteorological Drought Intensity Index r fo
Northern NigeriaThe Zaria Geographer, Vol 14 March 1993 PP 18-27.



Developing Country Studies www.iiste.org

ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) JJLil
Vol.4, No.9, 2014 IISTE

1 :Northern Guinea Savanna Zone

II :Sudano-Sahelian Savanna Zone

Fig. 1: Study Stationswith Vegetation Map of the Study Area.
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Fig.2: Extreme Drought Occurrencesin Decades.

Table 1: Stations Used and Their Locations

NO STATION LATITUDE LONGITUDE
1. Bauchi 10° 17'N o 49'E
2. Bida 9% 06'N 5° 38' E
3. Kaduna 10° 35 N 7° 26'E
4, Kano 122 03 N 8° 32'E
5. Maiduguri 11° 51 N 13 05'E
6. Sokoto 12° 55'N 5 16'E
7. Nguru 12° 58'N 10° 28 E
8. Katsina 13 0T N 7° 4TE

Source: NIMET, 2010.
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Table2: BMDI Classification Chart.
BMDI CHARACTER OF ANOMALOUS
MOISTURE CONDITIONS (CAMC).

4.00 or more Extremely wet

3.00 to 3.99 Very wet

2.00 to 2.99 Moderately wet

1.00t0 1.99 Slightly wet

0.99to—-0.99 Near normal

-1.00to—1.99 Mild drought

-2.00to—-2.99 Moderate drought

-3.00 to -3.99 Severe drought

-4.00 or less Extreme drought
Sour ce: Shuaibu and Oladipo, 1993.
Table 3: Frequency and Per centages of Extreme Drought during the Decadesin stations
STATION 1941-50 | 1951-60 | 1961-70 | 1971-80 | 1981-90 | 1991- 2001- Total

2000 2010

Bauchi - - - - - - - -
Bida - - - - - - - -
Kaduna - - - - - - - -
Kano - - - 1 - - - 1
Maiduguri - - - - 1 - - 1
Sokoto - - - - - - - -
Nguru - - - - - - - -
Katsina - - - - - 1 - 1
Total (%) - - - 1(33.33)| 1(33.33) 1(33.33) 3(10D)
Table 4: 30 Year Overlapping Sub-periodsfor Extreme Drought.
STATION | 1941-1970 | 1951-1980 | 1961-1990 | 1971-2000 | 1981-2010 | TOTAL
Bauchi - - - - - -(0.00)
Bida - - - - - -(0.00)
Kaduna - - - - - -(0.00)
Kano - 1 1 1 - 3(37.50)
Maiduguri | - - 1 1 1 3(37.50)
Sokoto - - - - - -(0.00)
Nguru - - - - - -(0.00)
Katsina - - - 1 1 2(25.00)
Total - 1 2 3 2 8(100.00)

Table 5: Years and Percentages of Extreme Drought in Two Sub-periods (1941 to 1975 and 1976 to
2010)(Non-Overlap)

Station

1941 to 1975

1976

to 2010

Total

Bauchi

Bida

Kaduna

Kano

Maiduguri

Sokoto

Nguru

Katsina

Total

1(33.33%)

2 (66.67%)

3 (100%)
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